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For the sixth year, the Research and Theory Division of the Association 

for Educational Communications and Technology (AECT) is publishing these 

Proceedings. Papers published in this volume were presented at the 

national AECT Convention in Dallas, Texas. A limited quantity of this 

volume were printed and sold. It is also available on microfiche through 

the Educational Resources Information Clearinghouse (ERIC) system. 

REFEREEING PROCESS: All Research and Theory Division papers selected for 

presentation at the AECT Convention and included in this Proceedings were 

subjected to a rigorous blind reviewing process. Proposals were submitted 

to Dr. Philip Brody of the University of Kansas who coordinated the review 

process. All references to author were removed from proposals before 

they were submitted to referees for review. Approximately fifty percent 

of the manuscripts submitted for consideration were selected for presenta-

tion at the Convention and for publication in these Proceedings. The 

papers contained in this document represent some of the most current 

thinking in educational communicationa and technology. 

This volume contains two cumulative indexes covering the first six 

volumes, 1979-84. The first is an author index. The second is a descriptor 

index. The two indexes will be updated in future editions of this 

Proceedings. 

M. R. Simonson 
Editor 

/ 

_____________ .. 



Research & Theory Division Officers 

Carol Carrier (President, 1983-1984) 
250 Burton Hall 

178 Pillsbury Drive, S.E. 
University of Minnesota 
Minneapolis, .MN 55455 

Work (612) 376-1274 
(612) 721-3968 

Barbara Grabowski (President-elect, 1983-84) 
University of Maryland 
University College 
University Boulevard at Adelphi 
College Park, MD 20742 

Work (301) 454-6709 

Mike Simonson (Past-President, 1983- 1984) 
North Quadrangle 
Iowa State University 
Ames, Iowa 50011 

Work (515) 294-6840 
Home (515) 292-6628 

Ann Becker (1981- 1984) 
225 North Milles 

Board of Directors 

University of Wisconsin-Madison 
Madison, WI 53706 

Work (608) 263-4672 

Marina Mcisaac (1983-86) 
Dept . of Educational Technology 
Arizona State University 
Box FLS 
Tempe, AZ 85281 

(602) 965-7191 

Richard Lamberski (1981-1984) 
Department of Communication 
127 Stouffer Hall 
Indiana University of Pennsylvania 
Indiana, PA 15705 

Work (412) 357-2493 

Phil Brody (1983-86) 
Instructional Media Center 
Bailey Hall Annex 
Univ. of Kansas 
Lawrence, KS 66045 

(913) 864-3057 

Michael Striebel (1983-86) 
Rd Ill 
Box 257 
Port Matilda, PA 16870 

(814) 237-5022 

James Sucy (1981-1984) 
Education Markets Services 
Eastman Kodak Company 
Rochester, NY 14650 

Work (716) 724-4719 

Newly-elected Board, 1984-87 

Melvin Bowie, Univ. of Arkansas 
Frank Clark, Texas A & M Univ. 
Rhonda Robinson, Northern Illinois Uni v. 



RTD Proposal Reviewers 

Amy S. Ackerman 
Bell Laboratories - 3G-152 
8 Corporate Pl. 
Piscataway, NJ 08854 

Gary J. Anglin 
315 Stoneybrook Drive 
Lexington, KY 40503 

Ann Becker 
5813 Highland Dr. 
Middleton, WI 53562 

Robert Bernard 
Dept. of Education 
Concordia University 
Montreal, PQ, Canada H36-1M8 

Louis Berry 
LIS Bldg 

University of Pittsburgh 
Pittsburgh, PA 15260 

Melvin M. Bowie 
Lawson, Apt. 103 

Fayetteville, AK 72701 

James Canelos 
Suburban Ave. 

State College, PA 16801 

Carol Carrier 
Peik Hall 
Pillsbury Dr. SE 

Minneapolis , Mt':l' 55455 

Francis E. Clark 
Medina 

College Station, TX 77840 

Francis M. Dwyer 
458 Westgate Dr. 
State College, PA 16801 

-- .-Z=::=:::::::i----

Patricia S. Ernest 
College of Education #81 
Montevallo, AL 35115 

V. Gerlach 
Payne B-146 
ASU 
Tempe, AZ 85287 

Barbara Grabowski 
13 Franklin Valley Circle 
Reisterstown, MD 21136 

John A. Hortin 
3004 Tamarak 
Manhattan, KS 

David Jonassen 
School of Education 
Univ. of NC at Greensboro 
Greensboro, NC 27412 

John H. Joseph 
Assistant Provost 
Penn State Capitol Campus 
Middletown, PA 17057 

Paul F.G. Keller 
9922 Tenbrook Dr. 
Silve ... : Spring, MD 20901 

Stephen T. Kerr 
. Box 113 
Teacher's College 
New York, NY 10027 

J. Randall Koetting 
306 Gundersen Hall 
Oklahoma State University 
Stillwater, OK 74078 

Barbara L . Martin 
316 White Hall 
Kent State University 
Kent, OH 44242 



Tom Nielsen 
346 Shades Crest Rd., South 
Birmingham, AL 36266 

Perrin E. Parkhurst 
B 301 W. Fee Hall 
Michigan State University 
East Lansing, MI 48824 

Tillman J. Ragan 
Collings Hall, Rm 103 
University of Ok)lahoma 
Norman, OK 73019 

Dennis E. Sheriff 
Arthur Anderson and Co. 
1405 North. 5th Avenue 
St. Charles, IL 60174 

Michael R. Simonson 
Instructional Resources Center 
Iowa State University 
Ames, Iowa 50011 

Jim Sucy 
343 State St. 
Rochester, NY 14650 

¥ 

Paul W. Welliver 
166 Chambers Bldg. 
Pennsylvania State University 
University Park, PA 16802 

Bill Winn 
Education Tower 

Calgary, Alberta, Canada, T2N IN4 
403-284-5630 

Richard E. Wise 
8 Cobblestone Way 
Windson, CT 06095 

Philip J. Brody F 
Instructional Technology Center 
Bailey Hall Annex 
University of Kansas 
La~rence, KS 66045 

Rhonda Robinson 
Dept. of LEPS 
Northern Illinois University 
DeKalb, IL 60115 



. / 

v 

1 

TABLE OF CONTENTS 

The Relationship of Field Dependent/Independent 
Cognitive Styles, Stimuli Variability and Time 
Factor on Student Achievement-------------------
By Christopher I. Atang 

A Research Methodology for Studying the Learner 
as a Total System: 
A Conceptual Paper------------------------------
By Don Beckwith 

The Role of Cognitive Style in Processing Color 
Information: A Signal Detection Analysis--- -----
By Louis H. Berry 

The Role of Naturalistic Inquiry on Research 
in the Instructional Uses Of Pictures-----------
By Philip J. Brody 

Testing and Measurement Potentials of 
Microcomputers for Cognitive Style Research 
and Individualized Instruction------------ ------
By Robert L. Burroway 

The Effects of Recall Cue and Cognitive Trace 
Compatibility When Learning from Mediated 
Instruction--------------------------------------
By James Canelos, William Taylor, and Francis Dwyer 

Administrators 0 Perceptions of Computer Usage 
in Education-------------------------------------
By David L. Carl and Sheila Hoelscher 

Publications of the Professio11: 
AVCR/ECTJ, AVI/II, JID--------------------------
By Patricia Dimond and Michael Simonson 

A Signal Detection Analysis of Digitized and 
Photographic Image Modes and Color Realism 
in a Pictorial Recognition Memory Task----------
By Abdel-Latif I. El-Gazzar 

Visual Attention to Picture and Word Materials 
as Influenced by Characteristics of the Learners 

1 

17 

34 

44 

56 

72 

99 

118 

127 

and Design of the Materials------------------- --- 163 
By Malcolm Fleming 

Apt i tude Sensitive Instruction : The Role of 
Media Attributes in Optimizing Transfer of 
Training---------------- ------------------------- 178 
By Margaret French 

-~=::.....------·---···--·-------·----- · - ·--·-· ·-·--·- ----- ...... .. --·-· ··- ---------------------



2 

The Relative Effectiveness of Pictures Versus 
Words in Conveying Abstract and Concrete Prose--- 220 
By Michael J. Hannafin 

The Use of Mental Imagery in the Problem Solving 
Process------------------------------------------ 240 
By John A. Hortin 

Structure As a Source of Meaning Within 
Audiovisual Messages----------------------------- 253 
By Denise Kervin 

Practical Strategies For Encouraging 
Research in Computer-Based Instruction----------- 260 
By F. J. King and M. D. Roblyer 

Foundations of Naturalistic Inquiry: Developing 
a Theory Base For Understanding Individual 
Interpretations of Reality------------------------ 290 
By J. Randall Koetting 

Philosophical Foundations and Instructional 
Design (Curriculum Theory)------------------------ 307 
By J. Randall Koetting 

Development and Validation of a Measure . 
of Computer Anxiety------------------------------- 318 
By Matt_he>w M. Maurer and Michael R. Simonson 

Cognitive Style and Microcomputers: 
Instructional Management Potentials--------------- 331 
By Barbara L. Mccombs and Kathy L. Bruce 

The Effect of Programmed Tutoring Upon the 
Reading Comprehension of Fourth-Grade Students 
Enrolled in a Chapter 1 Reading Program----------- 354 
By Donna s. McGrady 

Naturalistic Inquiry: An Example Used in 
Photographic Research----------------------------- 386 

· By Marina Stock Mclsaac 

Computer-Assisted Instruction and Continuing 
Motivation---------------------------------------- 402 
By Mary Lou Mosley, Nancy Haas, and Naomi Story 

The Interaction of Cognitive Style and Auditory 
Learning Via Rate Modified Speech 
(Compressed and Expanded)------------------------- 414 
By Janet s. Olson 

Conceptual Tools For R & D on Applications of 
Microcomputers to Individualization--------------- 433 
By Tillman Ragan 

Availability of Prior Knowledge and Its 



3 

Effect on Transfer of Learning-------------------- 446 
By Boyd Richards 

The Impact of Television Literacy: 
An Investigation of Narrative and Television 
Comprehension-------------------------------- - ---- 466 
By Rhonda S. Robinson 

Cognitive Styles Research : 
Implications for Instructional Design?------------ 487 
By Patricia L. Smith 

Processing Time and Question Type in the 
Comprehension of Compressed Speech with Adjunct 
Pictures------------------------------------------ 499 
By Subhreawpun Tantiblarphol and Lawson H. Hughs 

Theoretical Bases for Research in Media------------ 534 
By Gerald M. Torkelson 

Formative Evaluation in Instruc t ional Design: 
Theory Versus Practice---------------------------- 563 
By John A. Williamsi Jr. 

ECTJ and Research in Educational Technology-------- 607 
By Bill Winn 

Cumulative 1979-84 Author Index-------------------- 620 

Cumulative 1979-84 Subject Index------------------- 632 



TITLE : The Relationship of Field Dependent/Independent 
Cognitive StylesJ Stimuli Variability and Time 
Factor on Student Achievement 

AUTHOR: Christopher I. Atang 

i 

------------ - - -- -- -- -



THE RELATIONSHIP OF FIELD DEPENDENT/INDEPENDENT COGNITIVE STYLES, 

STIMULI VARIABILITY AND TIME FACTOR ON STUDENT ACHIEVEMENT 

A Paper Delivered at the 

Graduate Student Research Session of the 

Association for Educational Communications and Technology, 

Dallas Texas, January 21, 1984 

by 

Christopher I. Atang 

Iowa State University 

/lmes, Iowa 

1984 

2 



fYLES, 

ENT 

gy, 

1 

Introduction 

Concern for the improvement of JVnerican education is widely evident 

today. The National Commission on Excellence in Education (Gardner et al . , 

1983) stated bluntly that "a tide of mediocrity has devastated public 

education", and suggested, among other things, that educators must demand 

the best effort and performance from all students regardless of their 

backgrounds and orientation. 

If educators are to demand the best efforts from all students, we must 

learn more about cognitive styles. Cognitive styles, especially field 

dependence/field independence (FD/FI), have recently received much 

attention, probably because they have been related to many learning 

abilities and activities. According to Ausburn and Ausburn (1978), almost 

no research has been conducted on the relationship between cognitive styles 

and instructional designs. In addition, cognitive styles have not been 

conceived and studied as a single entity. Rather, a number of different 

factors or dimensions of cognitive styles have been identified and subjected 

to systematic theoretical and empirical examination (Ausburn and Ausburn, 

1978) . Therefore, studies designed ~o investigate these relationships may 

be useful to instructional developers and designers. 

Related Research 

Coqnitive Styles 

The concept of cognit i ve style refers to psychological dimensions that 

represent consistencies in an individual's manner of acquiring and 

processing information (Ausburn and Ausburn, 1978) . Several learning styles 

have been identified. Each style seems to be related to how the individual 

processes and learns information . An often studied learning style by 
·3 
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educational technology researchers, because of its relationship to mediat 

instruction, is field dependence/field independence (FD/FI). Witkin and 

collaborators (1971) discussed FD/FI and indicated that the FD person 

difficulty locating geometrical figures in a complex pattern . The FI 

person, on the other hand, did not have such difficulty locating the same 

figures. 

Color Realism and Visualized Instruction 

The question of whether color or black and white images have an effe 

on increasing the performances of an individual has been investigated by 

several researchers . In summary, a number of studies relating to the col' 

variable, Otto and Askov (1968) concluded that 11 the cue value of color in 

learning is still essentially unclear . 11 Rudisill (1952) indicated that 

students preferred to view colored instructional materials, but Katzman 

Nyenhuis · (1972) found that color did not improve the learning of material 

Travers, quoted in Kemp (1975 p. 23) concluded that while color adds to 

attractiveness of instructional materials, black and white illustrations 

were just as effective for instructional purposes, except when the learn 

involved color discrimination. 

Realism theories, according to rwyer (1976), are based on the 

assumption that learning will be more complete as the number of cues in 

learning situation increases. Most instructional materials available to 

are published in color. An important research question available today 

not be whether the presence of color in an illustration promotes learnin 

but whether it may actually deter or hinder learning in a FD or FI stude 

Does the presence of color make the illustration more complex? Since FD 

is correlated strongly with one's ability to sift through a series of 

possible solutions and select the best solution to a problem, in terms o 

using instructional materials with varying amounts of visual stimuli for 
4 



.o mediate 

:kin and ~ 

!rson had 

le FI 

the sa:me 

= an effe 

gated by 

o the cok 

ed that 

Katzman 

material 

adds to t 

.t rations 

:he learni 

le today Ii 

; learning 

FI stude 

Since 

ies of 

l terms o 

imul i for 

3 

instructional purposes, FD/FI and time on task could affect one's ability to 

distinguish and organize the relevant cues . 

,Amount of time and learning 

The amount of time used to process information may also interact with 

cognitive style and stimuli variability to affect learning . Carroll (1963) 

regarded time as the central variable in school learning, and asserted that 

students differ in the amount of time they need to 1 earn a given set of 

materials to some set criterion. Anderson (1973), Arlin (1973), and Ozcelik 

(1973) studied the amount of time students spend in act ive learning and 

found that the amount of time spent on learning were highly predictive of 

the learning achievement of the students . 

Statement of Hypotheses 

The following hypotheses were generated and tested at the .05 and .01 

levels of confidence: 

1. There is no significant difference in posttest scores 

between FD and FI Ss treated with color, B/W and no illustrations . 

2. There is no significant relationship between FD and FI, time on 

task and posttest scores of )s in the treatment groups. 

Subjects 

Eighty-five freshman students in the Iowa State University psychology 

pool agreed to participate in all aspects of the study. Thirty-e ight 

students of the original 132 who participated in the Group Embedded Figures 

Test (GEFT) chose not to participate in the total study. In addition, nine 

students were dropped because of color blindness . Their FD/FI scores were 

not significantly different from the eighty-five students who completed the 

study. 
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Instruments 

The major instruments for this study consisted of the GEFT (Witkin e 

al . , 1971), color blindness test (Dvorine, 1953), and a pretest and postt 

(Dwyer, 1967) programmed on the Apple ·II microcomputer. Since the pretes 

and the posttest were given on the same day, the pretest was created to b 

more general in nature and would not contaminate the posttest results. TI 

pretest was used solely to establish the uniformity of the entry level of 

the Ss, and the posttest was used to determine the effects of stimuli 

variability and time on task. The computer was programmed to display the 

questions, record the answers and time from initial display until the 

subject responded to the questions. 

Treatment Groups 

The treatment groups were established as follows: Group one Ss 

treated with programmed instruction supplemented by detai l ed, shaded 

drawings of the human heart in color. The subjects also used color dra 

of the heart to answer the posttest questions. Group two Ss had the 

treatment given to the color group w ~th the only difference that B/W vis1 

were used instead of color visuals. Group three (control group) Ss were 

treated with only the instructional script without visuals. 

All the subjects answered the pretest (using the computer) before t 

experimental treatment. Finally, all the Ss were asked to answer the 

posttest questi ons using color or B/W visuals and the computer as 

they finished reading the instructional script . 

Data Analysis 

The Statistical Package for the Social Sciences (Nie, Hull, Jenkins 
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Steinbrenner and Bent, 1975) and the SPSSX (Nie et al., 1983) were used in 

the analysis of the data. WYLBUR was used to provide on-line interactive 

text editing capabilities that allow the user to create, change, store and 

display text. The system also provided services for submitting jobs for 

batch processing and retrieving the resulting output. The analysis of 

variance (ANOVA) and Pearson product-moment correlation was used for data 

ana 1 ys is. 

Results 

FD/FI scores were established for each S, and all the Ss were then 

assigned to FD and FI groups. Ss scoring between 1-11 were classified as 

FD, and those in the 12-18 range were classified as FI as recommended by 

Witkin et al. (1971) . Because scores were skewed toward FI, that group had 

a much larger size - 23 FD, and 62 FI Ss . 

Pretest scores listed in Table 1, indicated that the cell means were 

pretty much the same. Analysis of variance (Table 2) enabled the researcher 

to conclude that no significant differences existed in either rows or 

columns. It was assumed, therefore, that groups were relatively equal at 

the start of the experiment. 

Posttest scores are listed in Table 3. Analysis of variance (Table 2) 

indicated that no significant differences appeared between FD/F l groups and 

that no significant interactions were present. However, significant 

differences were noted among treatment groups. Further analys i s confirmed 

that the two experimental groups had significantly higher mean posttest 

scores than the control group . This had been anticipated and is not 

considered important, since the posttest items dwelled heavily on the visual 

aspect of the instructional materi als. What is important, however, is that 

the means of t he two experimental groups were not significantly different 



6 

from each other. 

Pearson product-moment correlations are reported in Table 4. The 

correlations reported reveal that FD/FI and color treatment group had a 1 

positive correlation (r=0.35, p=0.03). 

ANOVA of posttest time by FD/FI with treatment groups (Table 5) also 

yielded a significant F-ratio (F=3.60, Significance of F = .03). This 

indicated that the treatments accounted for the difference in posttest 

Conclusion 

The data on Table 4 indicate that the presence of color in the 

illustration had minimal effect on posttest scores. These findings are 

consistent with those of Katzman and Nyenhuis (1972) and Travers (cited 1 

Kemp, 1975). Moreover, there appears to be no evidence to indicate that 

Ss are adversely affected by the preience of color. This is in consonam 

with the findings reported by Hazib (1979) that no significant difference 

exists between FD and FI Ss in an experiment using realistic and 

non-realistic illustrat ions. The findings also agree with those 

(1976) that the stimuli variability is not a reliable predictor of learn 

efficiency. With regards to time on task, it was concluded that student 

exposed to instructional materials without visuals need more time to pro 

and learn new information. 

Important implicat ions concerning the use of color and B/W with Ss 

possessing different learning styles could be established based partly o 

the results of this study. Thus, there is need for more experiments to 

determine whether the other variables in Dwyer's (1967) realism continuu 

have an effect on cognitive styles. The use of the Apple II microcomput 

as used in the present st udy, also needs further investigation. 

s 
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TABLE 1 

Cell Means of Pretest scores by Field Dependence/ Field Independence and Treatment Groups 

Field Dependence 

Field Independence 

Group Mean 

Field Dependence = 

Field Independence = 

TOTAL POPULATION = 

Color treatment 

12.83 
(23) 

13.08 
(62) 

13.01 
(85) 

13.43 
{7) 

12.59 
. (22) 

12.79 
(29) 

B/W Treatment 

12.20 
(10) 

13.16 
(19) 

12.83 
(29) 

Control 

13.17 
(6) 

13.52 
(21) 

13.44 
(27) 

-a 
;;;,-
Pl ~ 
0. ;;;,-

Cl) 

Pl 
_. • 
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Table 2 

Analysis of Variance of Field Dependence/Field Independence and Posttest Scores 

in the Three Treatment Groups 

Source of 
Vari ation 

Main Effects 

FD/FI 
Group 

2-Way Interactions 
FD/FI Group 

Explained 
Residual 
Total 

Sums of 
Squares 

202.98 
13.10 

195.16 
3.17 
3.17 

206.15 
1517.81 
1723.95 

OF Mean Square 

3 67066 

1 13.10 
2 97.95 

2 1.58 
2 L58 
5 , 41.23 

79 19.21 

84 20.52 

* Significant at the 0.01 level of Significance 
** Significant at the 0.05 level of Significance 

F · Significance of F 

. "3. 52 0.02** 

0.68 0.41 
5.08 0.01* 

' 0.08 0.92 
0.08 0.92 
2.15 0.07 
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TABLE 3 

Cell Means of Posttest Scores by Field Dependence/Field Independence and Treatment Groups 

Field Dependence 

Field Independence 

Group Mean 

Color Treatment 

12 .14 
(7) 

13.64 
(22) 

13.28 
(29) 

Field Dependence = 11.48 
{23) 

Field Independence = 12.16 
(62) 

TOTAL POPULATION= 11 .98 
(85) 

B/~I Treatment 

12.20 
(10) 

12.95 
(19) 

12.69 
(29) 

Control 

9. 50 
(6) 

9.90 
(21) 

9.81 
(27) 
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TABLE 4 

Pearson Correlation Coeffici~nts of Field Dependence/Field Independence 
and Achievement (Posttest Scores) 

GROUP 

Color Treatment 
FD/FI 

Black and White Treatment 
FD/FI 

Control 
FD/FI 

SCORE 

0.35 
p=0.03 

0.21 
p=0.13 

0.07 
p=0.37 
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TABLE 5 

Analysis of Variance of 2-way interactions of Posttest Time with Field Dependence/Field Independence 
and treatment groups 

Source of Sums of OF Mean F Significance of F Variation Squares Square 

MAIN EFFECTS 20358.01 3 6786.00 2.63 0.06 
FDFI 2080.08 1 2080.08 0.81 0.37 
GROUP 18591.94 2 9295.97 3.60 0.03* 

2-WAY INTERACTIONS 8943.48 2 4471. 74 1. 73 0.18 

FD/FI GROUP 8943.48 2 4471. 74 1. 73 0.18 

EXPLAINED , 29301.50 5 5860.30 2.27 0.06 

RESIDUAL 203784.69 79 2579.55 

TOTAL 233086.19 84 2774.84 

*Significant at the .05 level 
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A Research Methodology for Studying the Learner as a Total S<j stem: 

background 

A Conceptual Paper 

Don Beckwith 
Centre for Educational .Development 

Dundee College of Technology 
Dundee, Scotland DD1 1HG 

Introduction 

It has been noted by many e ducational researchers in recent years that our 
traditional research methodologies , especially conventional experimental desig 
seem to be unable to provide meaningful application to the practice of educat i 
Experimental designs seem to be lacking in their ability to identify the "proc 
variables that could improve teaching" (Scriven, 1977, p.189); their applicat1 
appears not to facilitate solutions to educa t ional problems (Clark, 1978; 
Clark & Snow, 1975; Salomon & Clark, 1977~ Snow, 1976) . In s eek ing reasons 
for the apparent shortcomings of experimental design research, focus seems to 
center upon the methodology's unrealistic restrictiveness (Enzer, 1977), 
a restrictiveness that seems to be the result of tightly-controlled experimen 
variables. Such tight control appears to markedly restrict retest reliability 
of findings (Barr, 1929; Calkins , et . al., 1978; Shavelson & Dempsey, 1975) 
and to significantly limit generalizability of results Cronbach, 1975; 
Ebel, 1967; Gage, 1982; Pereboom, 1971). 

problem 

In reaction, there have been calls for alternatives to the structure of 
research design (Shulman, 19 70) and the "modes of inquiry within our research 
endeavors" (Koetting , 1983, p. 4 30). More specifically , researchers have aske~ 
for research models that reflect and are appropriate to the practice of educat 
(Becker, 19 77 ; Clark, 1979; Shulman, 1970); and for research paradigms and 
methodologies that address the whole learner as a total system (Beckwith, 198d 
Clark, 1980; Winn, 1975), nonreductionist approa~hes to research which a t tend 
to the elaborate nature of learners as dy 1.1mic, changing indi victuals (Merr ill. 
1975; Torkelson, 1980), research that focuses on the aims and values of 
education (Rosenow, 1976) _. 

theoretical/conceptual base 

Such requests demand a complex, sophisticated research paradigm founded 
firmly upon a theoretical/conceptual base, a base that incorporates 
alternative mod es of valid rationality (Koett ing, 1983 ) . Beckwith (1983) 
has provided such a base . Following four years of constructionist research, 
he has developed a theoretical/conceptual paradigm of the learner as a total 
system. Within the paradigm fou r types of total learner systems have been 
identified and explicated according t o the following categories of critical 
attributes: 

(a) motivation; 
(b) response to external variables; 
(c) response to intervention; 
(d) predominant strategies; 
(e) trans i tion possibil ities , facilitators, inhibitors, and control; 
( f) reason for goal; 1 t( 
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(g l r elation to goal; 
(hl type of interaction and interrelation of system components; and 
(J. l type of dynamism . 

In short, Beckwith's paradigm focuses upon the aims and values of education 
wh ile attending to the learner as an elaborate dynamic, everchanging total 
system. A summary of the paradigm's four learner systems follows (exerpted 
from Beckwith, 1983). 

The learner may be seen as four distinct systems, reactive, preactive, 
proactive, and spiralling, each of the four systems meeting the definitional 
svstPm r equi rements of being dynamic, having a goal, and having interdependent 
a~d interrelated components. The differences lie in the nature of each system's 
goal and the relation of the goal to the dynamism of the system components . 
For the reactive learner the goal is internally oriented, survival focused; 
thus the dynamism is incidental, reacting intuitively to external variables. 
Fo r the preactive learner t he goal is output oriented, focused towards 
undefi ned betterment; the dynamism, being externally programmed, is 
rel ~ ted to the goal attainment process rather than a specified goal product. 
For the proactive learner the goal is outcome oriented, focused on solving 
sel f - prede fined problems ; the dynamism is thus purposeful, related to goal 
attainmen t . For the spiralling learner the goal is value structure oriented, 
focused on self-regenera tion ; the dynamism is intrinsically automatic, 
related to a continued process of spiralling, regenerative goal setting and 
at ta inment . (See Figures 1 and 2). 

PLACE FIGURES 1 AN D 2 ABOUT HERE 

Just as the goals and dynamism of each learner system are different, so too 
is the predictability of exhibited behaviors . The reactive learner's behavio r 
is unpredictable ; reacting to external variables, the behavior will either be 
acceptance , denial, or denial and then acceptance (conscious or unconscious ) . 
The preaC't ive learner, out to satisfy t.he social order, may exhibit highly 
pr Pd1ctdblc behaviors. The proactive learner's behavior is predictable within 
t he framework of self-established goals, i.e . problems to be solved. The 
behnvior of the spiralling learner, like that of the reactive learner, is 
u11pr <::uic-tziblf', for the learning process i s very akin to intuition, only the 
sp1ra llJng lea rner's intuition is purposeful, being effective in spite of the 
learning env ironment. 

the reactive lParner system 

React i ve learners are survivors, reacting - unconsciously and intuitively 
- to external variables and intervention of contradictory information by 
absorbing or rejecting them as quickly as possible. The only goal is maintenance 
of an unthreatened e cological system. The reactive learner system absorbs 
and stores information to be retrieved as stored. 
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the prea ctive learner system 

While many of the equi librium maintenance behaviours of the reactive learner 
(operating as a natural system) are present i n the preact i ve learner (operating 
as a synergystic system), the preactive learner's behavio r s are fa r more 
conscious a nd socially acceptable ; the "r ules'' for equilibrium maintenance 
ha ve become insti t utionalized, i.e., the indiv idual has adopted the society ' s 
mor es for learni ng survival. 

The preacti ve lea r ner system receives appropriate informat ion in appropriate 
formats, as so deemed by the educational system. As skills increase, the 
preactive moves closer and closer (like externally-bound concentric circles) 
in harmony with t he undefined goals o f t he educational system. 

the proactive learner system 

The proactive learner operates wel l from a traditional base, providing self
motivation, extracting essential bits from information presented, we l ding bits 
from storage and al terna tive sources, building himself a personalized system 
to facilitate personalized goals . External intervention is avoided , self
control and reinforcement being preferred. The proactive learner system 
uses information gl eaned from t he educational system to attain goals that 
are not t hose of the educational system. 

the spiraling learner system 

I t may be said that so sophisticat ed is t he spiral ling learner system t hat 
learni ng tends to occur in spite of the l earning environment , for this 
learner is a ble to extract out of context and rapidly assimilate i nto the 
spiral at a very high level of discrimination and purpose. The spiralling 
learne r system productivel y applies information for continued sel f - regeneration. 

transition 

Transition is possible from some learner systems to others . Transition from 
rea c t ive to preactive is generally possible t hrough prolonged subjection to a 
social structure, spur r ed on by peer, institutional, and social pressures. 
Transit ion from reacti ve to proactive is general l y possible through counter 
reaction to current /predominant social order , spurred by a need for 
independence and social conscience. Transition from reactive to spiralling 
is generally possible thorugh intuition, spurred by altruistic fee l ings and 
concerns . Transition from preactive t o proactive is generally possible t hrough 
gut-wr enching upheaval, spurred by dissatisfacti on with the established orde r . 
Transition from proactive to spi ralling is generally possible through prac t ice, 
spurred by internal motivation. (See Figures 3 and lJ). 

PLACE FIGUR ES 3 AND lJ ABOUT HERE 

It is hoped that the pa radigm, after significant further testing, may serve 
as a theoretical base for innovative , learne r-centred instruct ional development 
and research methodologies. 

implica tions for research 

As mentioned earlier, with our reductionist api:t_!lJch to research (expe rimental 
design) we have i g nored t he elaborate nature of learners as dynamic , changing 
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. di viduals (Torkelson, 1980). Is it possible that our research paradigms/ 
1 ~thodologies reflect and explore only the preactive learner? Are the mean 
m erform.:i nces all exhibited by the preactive l earner? For the most part, 
~e sea rc h in education seems to view the learner as being part of an 
educa tional system, whether such system be a classroom, subject, course 
of s t udy/curri culum, or school. We look at the learner 1 s progress in terms 
of t he goals of this educational system, attempting toidentify variables 
wh JCh may enhance or inhibit learne r progress in reaching such goals. 
This could indeed be labelled as a preactive learner research tradition. 
Wh~ther we look at research in aptitude-trea t ment interaction, cognitive 
s t.y l e s , or l earner attitudes, toname a few of the most recent research 
thrus ts, the emphasis is the same, that of examining the l earner as part 
o f a system, i . e., a given educational sys t em, a system dedicated to the 
prea c t i ve learner, who in turn is dedicated to the sy s tem. Such r esearch, 
i t s e ems, even assumes that all subject s are preactive learners, differing 
only in their preactive learning ability. All learners, however, are not 
pr eac t i ve ; the nonpreactive learner's react ions to external variables 
are , from a preactive standpoint , unpredicatable and ungeneralizable. 
The reactive learner will absorb or deny external variables in a quest for 
su r vi val. The proactive learner will use or ignore external variables 
depending upon their potential usefulness in self-goal attainment. The 
spi r a lling learner will us e all external variables productively for 
continue d self- rege nerati on. The non - preactive learner is not operating 
wi thi n the goal struc ture of the s ocietal system, but rather is operating 
i n s pite of this goal str ucture, yet through our preactive research designs 
a nd ques t ions we are expecting, without realising it, the nonpreac t ive 
l ea r ne r to be have prea c tively. 

P~rna p s i t is t ime to view the educational environment as part of the 
learner 's system. Our r esearch then could look at the educational 
environment's progress in terms of enhancing or inhibiting the learners' 
a ttai nmen t of t he ir own goals. What are the variables within the educati onal 
e nvi ronme nt which i nhibit or enhance such goal attainment? How do learners' 
i ncorporate external variables into their own learner systems? This will 
not be an easy shi ft to make, for our whole socio- scientific research 
trad i tion i s based upon the preactive learner model; we strive to learn, 
to discover, with no predefined goal in mind, but rather merely the goal 
of more complete understanding of what is (with the underlying belief 
that such more c omplete understanding wi l l somehow improve us) . By explori ng , 
discove r i ng a nd applying (if possible), our preactive research mode keeps 
a l ive the synergystic dream that the total of our discover i es will be greate r 
t han the s um o f its parts. As long as our research efforts are confined to 
th~ frame work of our own system goals, the answe rs to such questions as how 
t h0 l ea rner , e specially the nonpreactive lea rner , represents . an experience 
or pe r ceives duri'1g the learning pr ocess will remain mystery. 

I n any case , mor e researc h , of course , is needed - research that expl ores, 
i n nont r a d itiona l ways, the nonpreactive as well as the preactive learner 
sy~tem; r e searc h that looks at the tra nsitions within and between learner 
sys t ems ; r es earch, in short, that attempts to val i date the assumptions 
inh~ren t withi n the conceptual/theor e tica l parad i gm presented here . 

alternative research methodology 

rtn., pa pe r wil l present a n alternative r e search methodology based upon 
Beck w1t h 1 s theor etica l / conceptual paradigm, elucidating on the methodology's 
(a ) 

( b ) 

( c ) 

(d l 

unde rlying ass umptions, 
f oc us, 
natu r e , and 
mana geme nt . 
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This will be followed by a discussion of t he roles of investigator, subjec t, 
manager and design structure during operation of the research methdology. 

assumptions 

Since the methodology is based upon a total system learner parad igm, it i s 
"assumed that each and every learner may be viewed as a (system) in and 
of itself, not only as a (system) that is but also as a (system) that could 
be . Even though the ... learner ... will hold together as a11 entity in 
spite of what educators may or may not do, its finer potential l ies in 
its capability for becoming what is wishes to become. In arrt . .. learner 
the ingredients are all there, even if some of those ingredients are 
knowing that some of the essential ingredients are not yet there; the 
potential of all ingred ients is there." (Beckwith, 1980, p.332). Each 
learner, therfore, may be studied not only as an existing, dynamic system 
but also as a potential, dynamic system. By studying the nature of the 
learner's critical attributes (the categories of which are mentioned earlier ) 
determinations can be made concerning the learner's exisitng system, former 
system(s), potential system(s), and paths of transition. Wit h such data on 
each learner system, it is assumed, researchers/educators may tai l or t he 
educational environment to facilitate desired learner outcomes, i.e. 
learner goals. To accomplish this, the learner must be accepted as full 
partner in the research development effort. If formally stated, the lea rnt':r 
as total system paradigm rests on the assumpt ions that: 

(a) there are two realities (the existing real ity upon whic h 1nquiry can 
converge, and the potential reality which inquiry can effect) and 
that all parts of reality (existing and potent ial ) are interrela t ed 
and interdependent so that the study of or inquiry into any one part 
necessarily influences all other parts; 

(b) the inquirer and object>for best results, are one, wi th the 
investigator - playing the role of facilitative co- researcher . Thus 
the relationship between the inquirer and the object of inquiry is 
neither one of independence nor dependence, but ra ther one of mutual 
introspection and creation; 

(c) each learner is currently ope rating as a total system, and can create 
a potential total system; and 

(d) generalizations, to· other populations, concerning the nature of goal s, 
dynamism and transitions of learner systems, is possible . 

focus 

Whereas traditl0nal experimental design methodologies look at data in a froze 
controlled fashion - isolating and then correlating variables in an attempt t~ 

find out "what is" - this alternative methodology looks at data as par t of a 
growth phenomenon, dynamic, constantly changing; looks at the processes of 
transit ion, system crea tion , regression in an attempt to find ou t "what i s 
becoming" and "how". The focus, rather than being on tightly-controlled 
variables, is on the dynamism c.f the total system, on the evercha nging 
interrelationships and interdependencies of the system components. The 
focus, rather than being within the framework of the goal s of the edu cat i ona l 
system, is within the framework of the goals of the learner system. 
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ataloging of observed, felt, and thought behaviours in order to · more 
curposefully analyze the next behaviour(s), using, at times, the 
;nterjection of appropriate feedback, comment, reinforcement, questions, 
disruptions to elicit whatever behaviors will emerge. As on-going/changing 
research in an on- going/changing context, this methodology 

(a) 

(b ) 

( c ) 

( d ) 

(e) 

maintains the dynamism of system by embracing all variables; 

collapses the element of time between the typically separate 
a ctivities of research and application; 

protects the inherent uniqueness, individuality and personal ity of 
the studied systems (focusing upon the extremes as well as t he 
central tendencies); 

protects the integrity of the system interactions; and 

performs during real time, within dynamic systems, while attending 
to validity and reliability. 

variables are not isolated, but rather interrelationships and interdependencies 
of variables are explored and welcomed as they are; the re are no variables 
that are capable of confounding , for it is accepted that all variables 
naturally affect all other variables and may only be controlled by being 
allowed their fu ll natural freedom of expression . 

I n the sense that the methodology is so precisely defined, applicable to 
each and every dynamic learner system, generalizabil i ty is complete . 
Each learner system is a s pecial case, with the focus being in-depth 
truth-seeking, finding that which is generalizable from him to him (or 
he r to her) within a given point in time and/or from him or her "now" 
to him or her "future". Thus the methodology provides generalizability 
wi thi n each learner system stud~ed and also to any and all populations, 
i. e ., it is capable of achieving the same level of significance with each 
learner system. 

management 

While the complexity and number of interrelating and interdependent variables 
may appear forbidding, management of this research methodology, while 
certainly unusual , is not that difficult. Given 

(a) the frame work of expectations provided by Beckwith' s paradigm, 

( b ) acceptar.~e of the learner system's own goal as the context of the 
research study, 

(c) 

(d) 

acceptance of the learner system itself as a co-researcher in the 
process, and 

the view that the researcher and the educational environment are 
components of the learner's system, the seemingly formidable task 
becomes one of relative ease . 

~~r the researcher as part of a defined, dynamic, goal-directed system wi th 
l s or her purposes known and welcomed by t he system itself , becomes 

conifortable with and adept at studying the dynamic interrelations and 
~~terdependencies 6f which he is part. As the comfort and aptitude increase, 

e r esearcher is quite quickly able to study m~and more learner systems 



simultaneously, applying ever more increasingly and successfully what he 
has learned as part of each studied system to each newly-encountered system. 

operation of the research methodology 

It is the purpose/intent of this section to give a more specific account of 
how the methodology would be operationalized while at the same time 
suggesting how such as validity, reliability, reproducibility, bias and 
effects are attended to during the process. The actual techniques of the 
methodology are not delineated, but rather a re alluded to. 

For this methodology, the trained educational researcher is called the 
investigator-researcher, the learner system under study is called the 
subject-researcher, and the data interface coordinator (whether this 
func tion is provided ~ either or both of the co- researchers, a computer, 
or a specialist) is called the information manager. These three roles 
investigator-researcher, subject-researcher and information manager-create 
the interactive dynamism of the desig~ structure. (See Figure 5). 

Through the interaction of the three components,. the design structure 
facilitates fulfillment of the purpose of the research design - to (a) 
determine the nature of the current learner system (b) determine the nature 
of the current learner ability level, (c) determine the nature of the 
desired (by the learner) learner system, and/or ability level and (d) 
determine the most appropriate transition means. In order to do this the 
situation within which the design structure operates must be one in which 
the subject- researcher may be observed, by self and the investigator
researcher, during the learning process. There must be access to a large 
variety of instructional information in a large variety of formats. 
As Merrill (1975) has suggested: 

... what is needed is a dynamic general strategy 
enabling learners to select at any moment the 
particular tacti c that is optimal for their unique 
configurations of aptitudes at that moment in time . 
Furthermore, they must be able to select a new 
tactic at a moment's notice. They must not be 
required to anticipate their aptitude configuration 
or the tactic needed more than one step ahead. They 
must be able to make the change with a min i mum of 
effort. (If all their time or even a si~nificant 
part is used up in the mechanics o f tactic selection , 
their learning continuity will be grossly impaired.) 
They must know how to select a variety of tactics . 
They must have a wide variety of tactics available 
to them but not so many tha t they are overwhelmed 
by the number of choices. They must be provided a 
procedure for adapting slowly to this dynamic 
instructional environment since all their previous 
experience has been fixed treatments which have been 
administered to them and over which they have had 
little or no control. 

The learner, going through such instructional information (if the for~ats 
are varied sufficiently enough to represent the continuum from passi~e 
reception through interaction to creation) will, it is hoped, demonstrate 
his current learner system and ability level. To facilitate the proces s, 
the investigator-researcher, reacting to subject-researcher requests a nd 
i nformat ion manager suggestions (based upon an analysis of the effectiveness 
of instructional information [content and form~?. for eliciting attributes ), 
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supplies each next piece of instructional information. The information 
manager supplies the subject-researcher with learner system profiles, 
based upon an analysis of (a) the learner's process of inquiry while 
go i ng thr ough the instruct~onal infor~ation, and ~b) the cl~ssification 
of demonstrated and communicated attributes (fed in by the investigator
researcher). The subject-researcher and investigator-researcher work 
together to anal yze the incoming learner system profiles, which analyses 
are fed back to the information manager. Once the learning process has 
begun. the above procedures are simultaneous and interdependent (See 

F' gure 5 ) · 

role of the design structure 

There are three purposes of the design structure: (a) to facilitate 
solutions to educational problems, (b) to attend to the elaborate nature 
of learners as dynamic, changing individuals, and (c) to effect research 
r e liability and validity. These are accomplished by initiating a dynamic 
set of interactions and interdependancies between the three ma jor elements 
of the research - the subject-researcher, the investigator-researcher 
and the information manager. How the structure enhances the satisfaction 
of these purposes is discussed below: 

facilitating solutions to educational problems 

In ordtr t o facilitate solut i ons to educational problems, it is felt that 
a research design structure should (a) focus on the aims and values of · 
education . (The questions that can be attended to through this design 
s truc tu re are those derived from a theoretical base, thus increasing 
l ev•"ri1gc· a nd reducing uncertainty); (b) reflect and be appropriate 
to thP practice of education. (Since the users of the research results 
prov id~d via this design structure are learners, and problems researched 
focus upon the inefficiency and ineffectiveness of learning, it may be 
assumed that the problems are operationally important to the user); 
and ( c ) identifY the process variables that could improve teaching (Since 
the co-researchers are able to apply results as received, action decisions 
can be based on inferences drawn from the research data.) 

attending to dynamic learners 

&J attending to the elaborate nature of learners as dynamic, changing 
individuals, this design structure tends to minimize (a) bounding 
protl em!> by allowing the co-researchers to continuously narrow their 
s c0 pe of investigation- through the process of causal inferencing - as 
they get closer and closer to learner system and ability determination; 
and (b) focusing problems by organizing and ascribing meaning to 
col l ected data within the parameters of the learner as a total system 
paradigm . In addition, continued dynamism is effected by ensuring that 
data collection and data analysis occur in syncopated harmony, forming 
a symbionic relationship - each guiding, feeding , nurturing, leading, 
following the other - acting as a team, in consort toward the same end. 
Thus the research process is structured and restructured within real time 
by co llapsing the time between research findings and applications. This 
nonreductionist type of control through acceptance of al l variables is 
the key to researching a dynamic system. 

24 



effecting validity and reliability 

By not using tightly-controlled experimental variables which tend to markedly 
r estrict retest reliability of findings and to significantly limit 
generalizability of results, unrealistic restrictiveness is not a 
limitation of'this design structure . 

Generalizability is maximized not by controlling individual variables 
through isolation and treatment, but rather by controll.ing the complete 
set of variables within the structure of the total system framework. 
What is generalizable is the systemic nature that is true for each 
learner. It matters not and affects generalizability little if the 
components differ somewhat from system to system; since all subjects are 
systems, it is fairly easy to predict correctly the range of possible 
outcomes elsewhere, with other subjects, at other times . The generalizability 
of results is enhanced, in part, by maximizing freedom from artificially 
structured environments; as the subject-researcher inquires into the 
nature of his current learner system , he is allowed to begin virtually 
anywhere and to move anywhere in each succeeding step. 

Generalizability also benefits from the enhancement of reproducibility; 
for example, sample s i ze is minimized (one subject-researcher) as is bias, 
through the sharing of perceptions, input and output by the co- researchers 
and the information manager; and also random error, by continually feeding all 
steps of all processes to the information manager which analyzes all potential 
discrepancies within the system framework. 

By structuring a real learning environment and by allowing the subject to bea 
conscious and integral part of the research, generalizability is further 
enhanced by minimizing reactivity. 

Retest reliability is enhanced by teaming the subject - and investigator
resea rche r with the information manager in order to maximize objectivity 
and minimi ze bias . The built-in two way communication between al l three 
r esearch components of the design structure tends to give a reliability 
control to the dynamic process of data collection , a nalysis and 
application . Since all subjects are assumed to be total learner systems 
and a sample of one recommended for each experiment, random sampling is 
r elatively easy. The design structure does not inhibit r andom sampling 
within the context of a disproportionate strati f ied design> e.g., one could 
randomly select subjects from a population of only one type of learner 
system. 

Within the context of a total system all variables are dynamically related 
to all other variables . To study the system is to study the dynamic 
relationships of all variables, to embrace all variables. The notion of 
confounding variables is not, therefore , relevant to the study of learners 
as total systems. 

roles of the components of the dynamic design structure 

As mentioned earlier, the subject-researcher, the invest igator-researcher 
and the information manager perfor m as interactive and interdependent 
entities of this dynamic research system. Each has a vital role to play, 
and each depends upon the other two in order to fulfill ·its role. In trad i t 1 
research of dynamic systems , i.e., learners, an attempt is made to freeze 
reality, to make a dynamic system static, in order to study it. In so doing , 
the relationships studied are no longer true representations of r eality; the 
detached observer of a dynamic system rel i nqu ishes control. 
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I n this alternative research, in order to gain and maintain research control 
f dynamic system, the researcher attempts to enter the system, interact 

0
. t~ the system, and become a dynamic component of the system. The subject

wi searcher, of course, is able to achieve this complete incorporation of 
re earcher and subject. The inclusion of subject as researcher is essential 
res · d th · t 1 · t · ' f the research is to extract and stu y e in erna cogn1 i ve processes 
~ .g. s election, organization) that only the learner may be aware of. Thus 
t~e subject-researcher, by applying meta - cognition, is able to share with the 
investigator-researcher and the information manager the selective learning 
processes and cognitive organization processes that are operating. 

If the s ubject-researcher (probably not as yet skilled in the processes of 
controlled inquiry) is to perform the causal inferences required by the 
research paradigm, tutoring, modeling, and support wil l be required by the 
investigator-researcher. As a competent inquirer, the investigator
researche r will coordinate and oversee data col lection and analysis 
procedure, whether such data and analyses are initiated by self, and or 
t he s ubject - researcher, and/or the information manager. This is 
n~cessary because the investigator-researcher is the one who is able to look 
bev onct the experimental data and suggest decisions based also on learning 
th~ori es ( Allen, 1975). Unlike traditional research 
endeavours, this type of research may indeed benefit from the presence 
of certain effects . for example, the investigator- researcher may decide 
to e ncourage the Hawthorne effect in the subject- researcher in order to 
st imulate increased interest in and ownership of the research task at hand; 
similarly the John Henry effect cou l d be encouraged to get the subject to 
try harder. The investigator-researcher might even a l low himself to be 
biased by the Halo effect, i .e . , seeing the subject-researcher as capable 
of performing the research, each positive step leading to each succeeding 
pos i tive step, thus reinforcing the halo image. 

Prima rily, the investigator-researcher's role is that of facilitator, 
prov1d1ng the requested and/or recommended instructional information 
(reflecti~g appropriate content and format); ensuring reliability and 
valid ity (as mentioned earlier); and work i ng closely with the subject
researcher through the processes of data collection, causal inferencing, 
predictions, and applications based upon data and theory. Realizing that 
"social/behavioural phenomena exist chiefly in the minds of people, and 
(t hat) the re are as many realities as persons" (Guba, 1981, p.77) the 
investigRtor- researcher must remove himself sufficiently to allow the 
subject-researcher to determine and understand the current learner system 
and, at the same t~me, involve himself sufficiently to ensure that such 
l enrner system determination and understanding is based upon appropriate, 
necessa ry and sufficient data. 

As the subject-researche~ takes more responsibility for the research, 
t he investigator-reseacher becomes a less significant component of the 
l earner system, thus allowing the investigator-researcher to introduce 
himself as a signi ficant component within other learner systems. If 
at the same time, during this growth of learner systems as independent 
res earchers, the investigator-researcher structures the environment 
so that studied learner systems can share and compare data, inferences and 
findings, the research process becomes even more independent of the 
investigator-researcher . At very least the investigator- researcher is 
assuming a role qui te different from the usual - a role of facilitator , 
~~m~onent of many learner systems, manager of other-defined research agendas 

t ne r than of self- or pre-defined research agendas . 
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For the investigator-r esearcher to facilitate the inquiry process for the 
subject researcher, information concerning the on-going learning process 
must be made available in usable form. The information manager will 
provide data on the learning processes employed by the learner, the 
effectiveness of instructional information, as well as a serie s of increas ing 
sophisticated learner system profiles (to include t he attribute categor ies 
of motivation; response to intervention; response to external variables ; n 
predominant strategies; successful learning envi ronments; transition 
possibilities, facilitators, inhibitors, and control; and abil ity level 
indicators). To produce the profiles, the information manager will 
analyse incoming data along the following interaction di mensions: 
(a) contextual (What meaning does the learner appear to attach to 
phenomena?); (b) sequential (What is the order of the s t eps be ing 
followed by the learner?); (c) categorical (What categories - in 
requests for instructional information, in causal infere ncing , in 
interaction with the instructional information and the inves tigator
researcher - is the learning using?); (d) integral (How is the total 
learner system operating, i.e., what are the apparent intera ctive and 
interdependent relationships between system components?); and (e) 
analytical (What methods of analysis is the learner using?). 

If a micro-computer is being used to provide an interactive learning 
environment as one of the learner options, it may be possible to progr am the 
computer to function as the information ma nager. An added advantage is that 
during all interactive learning via the computer, the computer could keep 
a record of the processes followed by the learner. 

conclusion 

Recently there have been calls for (a) more global and less laboratory ty pe 
research ; research which allows subject invest i gation rather than excludi ng 
the subject through placement in an artifici ally-created system (Bruner , 1983) 
(b) more fo rmative types of research (Parkhu rst, 1982) ; (c) "a more positive 
and accurate concept of human potential" (Bloom, 1982, p.12); (d) research 
means for coping with the proliferation of relevant ki nds of individual 
differences to be studied (Gagne & Dick, 1983); (e ) encompassing "value 
systems and idiosyncracies of individuals in t he large purpose of s chooli ng 
and society" (Torkelson, 1977 , p. ) ; (f) solving, the problem of "how to 
serve the needs of theory and act ion simultaneously 11 (Bynner , 1980, p.111); 
(g) selecting a "paradigm (of disciplined inquiry) whose assumptions are 
best met by the phenomenon being investigated" (Guba, 1981, p. 77); and 
(h) providing the individual with the opportunity of "self-growth and sel f 
direction so that (he) can make his own bargain with l ife in accordance 
wit h his beliefs and values" (Grayson, 1976, p.131) . 

It is hoped that the learner as a total system research paradigm wil l offer 
a pathway toward answering these calls. Rather than throwing away traditional 
(older as well as newer) paradigms and methodologies, this paradigm incorporat 
all. For example, such ATI attribute variables as anxiety, achievement via 
independence and achievement via conformity (Snow, 1976) are incorporated 
wj thin the reactive, spiralling and preactive learner systems respectively; 
quantitative as well as qualitative data are systematica lly collected, 
analyzed and acted upon. By incorporating aspects of rationalisti c and 
naturalistic inquiry within the framework of the learner as a total system, 
th,. Jjrnit;1tions of f:';Jch tend to be mirdmtzed. 27 
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The Systemic Nature of Learner Systems 

Goal Goal Orientation {Purpose) Type of 
Relation (Focus) Type of Inter- Dynamism 

action and Inter-
relation of 
Components 

reactive status quo maintenance filling gaps, reflex 
protecting, 
mending 

output evolution to seeking, guided 
higher level of comparing, {externally) 

preactive 

quality contrasting, 
systematic 

outcome problem-solving goal-directed focused 
systemic 

proactive 

epitomization self- lateral intrinsic 
of value regeneration transfer 

spiralling 

structure 

In order to classify learner systems (all of which have goals, interacting/interrelating components, 
and dynamism) it is necessary to analyze the systemic workings within each learner system, 
1.e., (a) what is the relation of goal to system? (b) what is the orientation {focus) of the system 
goal? (c) what is the purpose of the interactions/interrelations of system components? and 
(d) what type of dynamism does the system maintain? While such analysis is necessary in order 
to establish each learner system's basic structure and orientation, it is not sufficient for complete 
classif1cat1on. In addition, the subsystems of motivation, response to external variables, response 
to intervention, predominant strategies, and successful learning environments should be 
analyzed . (See the text for each learner system for a fuller explication .) 

Figure 2 

Summary of Four Learner Systems 

Motivation Response to Response to Predominant Successful 
External Intervention Strategies Learning 
Variables Environment 

rejection 
Reactive survival absorbtion and/or reception mentor 

absorbtion 

social acceptance 
teacher-

Preactive acceptance accommo- directed acceptance dation 

Proactive internal 
sifting challenging intro· 
and resisting traditional* 

reinforce- sorting denying 
spection 

ment 

Spiralling altruism 
applied systemic dissonance any t 

absorbtion information 

*The proactive learner system, learning in spite of the learning environment, uses the traditional 
envir?nment, i.e., that environment that is fashioned/s~tural for reactive and preactive 
learning, to react against, to reject, during the process of creat'ing his own systems. 

t Any environment, whether structured for learning or not , if it provides information , has 
Potential grist for the spiralling learner's milt. 
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Figure 3 

learners As Systems: Transitions 

• interactive components •interactive components •interactive components 
• interdependent components • interdependent components • interdependent components 

•interactive components highly 
•interdependent components 

• internal goal oriented 
(intuitive) 

• output goal oriented 
{underlined, hoped-for) 

• outcome goal oriented 
{pre-defined by self) 

• incidentally dynamic • externally programmed 
•dynamic {unrelated to goal 

product; related to goal 

• purposefully dynamic 
{dynamism related to goal) 

• outcome goal oriented 
(intuitive, automatic) (altruistic) 

•purposefully dynamic 
(automatic, related to 
regenerative goal) I proce. instead) I ~ 

transition through prolonged 
subjection to social structure 
spurred on by peer, institutional, 
and social pressures 

transition through gut
wrenching upheaval spurred 
by dissatisfaction with the 
established order 

transition through counter reaction to current predominant 
social order spurred by need for independence, social 
conscience 

I • transition through 
practice spurred by 
internal motivation 

transition through intuition. spu.rred QY altruistic -feeling.~ 

Figure 4 
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Figure 4 

Paradigm of learner as Total System 

This paradigm shows the three ability levels of each learner system (low, middle, and high); 
in each learner system there may be transition back and/or forth between these abil ity levels. 
In addition, transition may occur between certain learner systems. 

proactive 
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Abstract 

In response to a loud and long call, from professionals in our field, for a research 
model that 

(a) is not restrictive.1 

(b) does not limit generalizability, 

(c) identifies the process variables that could improve the practice of education, 

(d) addresses the whole learner as a total system, 

(e) addresses the elaborate nature of learners as dynam ic, changing individuals, and 

(f) focuses on the aims and values of education, 

this paper presents an alternative research methodology based upon a theoretical/ 
conceptual paradigm of the learner as a total system (Beckwith, 1983). 

The methodology assumes that each learner may be viewed as both and existing 
system and a potential system, and that the learner must be accepted as full partner 
in the research effort. While traditional methodologies focus upon frozen, tightly
controlled variables, this methodology focuses upon dynamism of interacting learner 
system components during the process of system maintenance and transition; the focus, 
rather than being within the framework of the goals of the educational system, is 
within the framework of the goals of the learner system. 

As on-going/changing research in an on-going/ changing context, the methodology 
embraces all variables, collapses the time between research and appl ication, and facil i· 
tates generalizability within and across learner systems. 

Research management is facilitated by the researcher's becoming a dynamic component 
of each defined, dynamic goal-directed learner system being studied. 

3J 
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Introduction: t 
t 

During the past several years , substantial research has addressed the t 
interaction between the cognitive style of field dependence/independence and E 
how individuals process pictorial information . Research conducted by c 
Wiec:kavski ( 1980) and Lertchalolarn ( 1981) focused on the relationship f 
between cognitive style and the role of color in pictorial recognition I 

rrerrory. The rrethod of signal detection theory has not however, been applied c 
to such research. l 

The purpose of this investigation was two- fold : (1) to study the inter 
action between cognitive style, specifically field dependence/independence 
and pictorial recognition rrerrory for pictures presented in three different 
color m::xies; realistic color, non-realistic color and rronochrane (black and 
white); and (2) to further confirm the efficacy of applying signal detec
tion analysis to color recognition rrennry data as a rreans of obtaining a roo 
accurate assessrrent of the role of color in visual information processing. 

Related Literature: 

The area of cognitive styles has becare an area of extensive research 
interest in recent years. Kogan (1971) defined cognitive style as an in
dividual vtariation in m::xie of "apprehending, storing, transforming and 
utilizing information." This concept was further defined by Ragan (1978) 
who suggested that cognitive styles represent "psychological d.lirensions" 
which describe individual differences in the rre~ns whereby information is 
received, processed and utilized. Cogni ~.ive styles can be considered 
stable psychological attributes . Witkin, 1'bore, Goodenough and Cox (1977) 
described the three characteristics of cognitive styles as being: (a) 
oriented toward "form" rather than "content" related cognitive activities; 
(b) stable over tine, and (c) bi-polar rather than hierarchical as is 
rrental ability. 

Field dependence is one such cognitive style which has been researched 
aore extensively than many others . This factor, identified by Witkin, 
Oltman, Raskin and Karp (1971) is generally defined as the differential 
ability of individuals to separate figure fran ground or overcare "figural 
ernbeddedness ." Although described and detennined on a highly perceptual 
basis, this attribute is related to many other cognitive, attitudinal and 
personality behaviors. The perceptual ability for figured disembedding is 
generally considered to be representative of the nore global ability to 
impose structure upon perceived information. Karp (1963) and Gooder.augh 
(1976) have thoroughly reviewed the various correlates of field- dependence. 
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Field dependence has, however, remained substantially a perceptual 
ability rreasure , assessed by the Rod- and-Frarre Test or the various embedded 
figures tests , i .e. Group Embedded Figures Test (Witkin et al, 1971). 

substantial research has focused on the role of color in visualized 
instrUCtion (Dwyer, 1972 , 1978 ; Berry, 1974; Winn, 1976 ; Chute, 1979# 
Lamberski , 1980) . This research represents one asp_..oet of the larger theoret
ical debate which continues regarding visual complexity . It has long been 
contended that the mere addition of visual cues will increase the ability 
of the viewer to store and retrieve visual information. This orientation, 
termed "realism" by Dwyer (1967) , has drawn strong theoretical support 
(Dale, 1946; Morris , 1946; Carpenter, 1953 and Gibson, 1954) and is indeed 
the major premise of cue sunmation theory (Severin, 1967). Other re
searchers (Broadbent, 1958, 1965; Travers , 1964) have , however, taken strong 
opposition to this "realism" orientation on the grounds that the human in
formation processing system is of l imited capacity and that, in times of 
rapid information reception, irrelevant cues may block the processing of 
other, relevant infonnation. Studies (Kanner , 1968; Katzman and Nyenhuis, 
1972; Dwyer, 1972 and 1979) have investigated this apparent contradiction 
with conflicting results. 

The inclusion or absence of color info.rmation can be regarded as one 
dirrension of visual carplexity . Color can function in a dual role when used 
in visual displays . First, it can serve primarily a coding function, 
providing additional information but not providing any realistic description 
of the elements of the display. In this case , the effectiveness of color . 
can be predicted by cue sunmation theory, but not by the realism hypothesis. 
Second, color can be cues to present a more realistic version of the visual 
display. In this instance, in addition to providing a greater number of 
overall cues, it provides the viewer with more realistic attributes or 
"handles" with which to store and retrieve infonnation. When color is used 
in this cueing role, its value could be predicted by the realism theories 
as well as by cue surrmation theory. 

Much past research investigating the differences between color and 
black and white visuals failed to take into account tile fact that realistic 
color visuals contain intrinsically more inforn~tion and consequently re
quire rrore time for processing . In an attempt to resolve this methodological 
inconsistency as well as to more accurately assess the role of color in the 
storage and retrieval of visual infonnation, Berry (1974) canpared realistic 
and non-realistic color versions of the instructional materials on the human 
heart developed by Dwyer (1976) . Data suggested that, in those learning 
tasks where visual materials contributed significantly to the improverrent 
of instruction, realistic color materials were most effective . Later 
research (Berry, 1977, 1982, 1983) which investigated the color realism/ 
coding question relative to pictorial recognition mewDry found both real
istic and non-realistic color material s superior to black and white visuals. 
These findings suggested that cue surrmation theory may provide an accurate 
description of how color functions in basic information prcx::essing tasks 
such as pi cture recogni~ion • 

A number of researchers have i nvestigated how the aptitude of field 
dependence/independence relates to an individual's ability to percieve and 
Process both simple/complex a.~d color/monochrane pictorial information. 
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French (1983) found that field independent subjects experienced less diffic 
processing unusually ccxrplex material than did field dependent viewers. Co 
however, was not considered a primary dinension of visual ccmplexity. Rese 
conducted by Wieckcwski ( 1980) and Lertchalolarn ( 1981) suggests that indi vidu 
who differ in terms of field dependence/independence utilize color infonnat· 
differentially in recognizing visuals. Color was shown to facilitate rec 
tion of visuals by subjects who tended toward the field independent end of 
continuum, while color appeared to interfere with recognition by field depe 
individuals . It is not clear why such findings occurred, however, one poss 
conclusion may be that color information functioned as a further embedding 
making it rrore difficult for field dependents to separate distinct forms wi 
a visual which could be used as recognition cues. It is also not clear why 
color tended to facilitate recognition by field independent individuals, al~ 
though one possible explanation may be in the ability of such individuals to 
effectively disernbed specific forms frcm the visual ground and subsequently 
use them as cueing devices . Neither of these hypotheses have, however , been 
adequately addressed by past research on the color variable. 

S.irrple ccmparison of recognition rates did not, however, take into 
account the subjects' rate of incorrect responses. It has been suggested by 
SWets, Tanner, and Birdsall (1964) that in recognition experiments, each 
observer applies a particular criterion value to each observation. Con
sequently it could be possible for a subject to identify all stimuli as hav 
been seen previously, the result of which would be not only a high recognit 
rate, but also a high error rate. Similarly, if the observer were to apply 
low criterion and reject all items as not previously seen, the resulting ra 
would be low with a correspondingly low error rate. It is apparent that 
analysis of pictorial recognition data should take into account the observe 
criterion and the resulting rate of error which acccxrpany the reocgnition r· 
The method of signal detection theory has been applied to the analysis of 
recognition data in the past as a means whereby both r ecognition rate and 
error rate are taken into account. 

Signal detection theory has been accepted -as a r eliable technique for 
assessing a subject's ability to describe the occurrence of discrete binary 
events. The basic rrodel of SDT was described in SWets (1961) and has been 
used extensively to study the ability of indi''~.duals to distinguish the 
presence of a signal when that signal v;uS mixed with noise. fure r ecently, 
Grasha (1970) has suggested the use of SDT parameters in the s t udy of 
memJry processes. Signal detection theory has been applied specificially t 
recognition m=rrory experiments involving pictures in research conducted by 
Snodgrass, Volvovitz and Walfish (1972), Loftus and Kallman (1979), Loftus, 
Greene and Smith (1980), Morrison, Haith and Kagan (1980) and Kagan (1980) 
and Berry _ (1982, 1983). 

The purpose of this investigation was two-fold: (1) to study the int 
action between cognitive style differences and pictorial recognition rrerrory 
for pictures presented in three different color m:ides; realistic color, no 
realistic color and monochrome (black and white) ; and, ( 2 ) to further conf 
the efficacy of applying signal detection analysis to color recognition 
wemory data as a ITEans of obtaining a nnre accurate assessment of the role 
of color in visual information processing. 

37 

p 

Ji 

( 

t 

( 



:; dif f ic 
:!rs. Col 
{. Rese
i.ndividu 
infonnati 

)ne poss 
Jedding 
:onns wi 
Lear 'Why 
ials, al
Lduals to 
~ently 
rer, been 

mto 
fested by 
each 
Con-
. as havi 
~ecogniti 
:o apply 
.ting rat 
that 
observer 
tition ra 
;is of 
:e and 

(Ue for 
! binary 
tS been 
the 
c ently, 
tf 
ially to 
t ed by 
Loftus, 
(1980) 

i on 
e role 

procedure: 

The stimulus materials used in the study were the sane as those used by 
Berry (1977), Wieckowski (1980) and Lertchalolarn (1981). These consisted 
of 150 stimulus slides and 90 distractor slides. All slides were obtained 
f ran a pool of travel and geographic scenery slides taken by several amateur 
photographers in various parts of the United States and Canada. In selection 
of the materials, care was exercised to exclude all recognizable human figures, 
verbal materials and unique objects . The entire collection of materials was 
randanly divided into approximate thirds . One third was retained as a 
realistic color group, a second third was recopied into black and white slides 
and the remaining third was altered by photographic reversal to produce a non
realistic color group . Through photographic reversal, the overall number of 
color cues could be held constant, 'While the degree of color realism could 
be manipulated. 

The population for the study consisted of 60 students at the University 
of Pittsburgh. Subjects were drawn fran the Schools of Education, Library 
and Inf onnation Science and Business and represented both graduate and under
graduate students. 

Subject 's relative degree of f i eld dependence/independence was detennined 
using the Group Embedded Figures Test (GEFI') (Witkin, Oltman, Raskin and Karp, 
1971) . Based upon similar data fran related populations, cutoff points of 
11 and 15 were used to define field dependent (11 and below) and field in
dependent (15 and above) groups . To avoid the loss of power associated_ with 
three-level blocking, described by Cronbach and Snow ( 1977) , the middle, 
indeterminate group was deleted fran the study. 

The list learning procedure was errployed, in 'Which all subjects were 
first shown the group of 150 stimulus slides , sequentially for approximately 
500 ms each. Subjects were subsequently presented with a randan distribution 
of all slides (stimulus and distractor) for five seconds each. During that 
ti.Ire, subjects responded in writing either "old" (stimulus slide-seen before) 
or "new" (distractor slide-never seen). , 

The design of the study followed an ATI configuration with two levels of 
the aptitude factor and three repeatec: m.:=asures of the color factor . 

Findings: 

The mean number of hits for each treatment and cognitive style g10up as 
well as the measure of sensitivity d ' 'Which was determined fran tables developed 
by Elliot (1964) are presented in Table 1 . In addition, total mean error 
rates for each treatment were calcul ated (total error rate = false alann rate 
+miss rate) as suggested by Loftus, Green and Smith (1980) (see Table 1). 

Analysis of variance procedures for repeated m=asures were conducted on 
the number of hits (recognition scores), d ' and the total error scores. 
Significant F-values were obtained for the main effect of color on the hit 
rates (F==7 .10, p== .001 ) and for the main effect of cognitive style on the d' 
data (F=7 .59, p= . 008) . 
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The Schef fe procedure for pair-wise ccnparisons was perfonred on the m 
to detennine where significant differences existed. The results of these 
analyses are sumnarized in Table 2. 

Table 2 

Surnnary of statistical analyses for hit scores, 
d' and total error scores 

' 

Hit Scores d' Totaft. Error Seo~ 

RC) BW FI) FD 

Discussion and Conclusions: 

Findings relative to the cognitive style variable of field dependence 
showed no differences in analysis of the hit rates (recognition score), h~ 
a si gnificant main effect for the cognitive style attribute was produced on 
the d' parameter. This finding would suggest the general superiority of fii 
independent subjects in any type of pictorial recognition task regardless ~ 
color rrode . Such results are consistent with current theory which suggests 
that field dependent individuals are better able to i.rnpbse structure on a 
relatively undifferentiated field and consequently can more effectively 
process, store and retain such information . Color was not identified as a 
significant, contributing factor to this figural restructuring. It should 
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be noted, however, that in the non-realistic treatrrent, subjects showed the 
greatest degree of differentiation across the cognitive style factor. This 
may suggest that when individuals are presented with unique or unfamiliar 
visual displays, field independent persons use such information m:>re 
effectively than do field dependent subjects. Such carparisons would seem 
to merit further investigation. 

Sincesubjects showed no apparent difference in tenns of overall error 
rate or hit rate, it would seem reasonable to conclude that the difference 
produced in the d ' variable is due to differences in the "false alarm" rate 
(positive response to distractor). This irrplies a greater processing and 
storage problem, possibly attributable to less efficient organization of 
the material in menory. Again, this aspect calls for nore extensive ex
ploration . 

In terms of the color variable, the analyses of hit scores (correct 
recognition) showed no interaction with :the cognitive style variable , but 
did show a main effect superiority for the realist ic color treatrrent over 
the black and white treatrrent. No differences were produced however, in 
analyses of the d ' values . Such variations are again the result of differ~ · 
ences in the false alarm rate. It would seem that even though realistic 
color materials produce greater recognition values, they also produce higher 
false alann rates. This would suggest that the use of realistic color 
materials may not be as efficient in terms of the accuracy of the response. 
such a finding also suggests that the d' pararceter is a better overall 
indicator of response accuracy. 

Based on these findings, a number of conclusions can be drawn. 

1. Field independent subjects exhibit greater ability to recognize 
previously seen visuals in terms of the d ' pararceter. 

2. Realistic color materials tend to produce higher absolute recognition 
rates but not higher d' values. 

3. The variables of false alarm rates in relation to overall recognition 
should be studied further. 

4. The method of signal detection theory can and should be applied to 
color recognition data analysis. In so doing, a nore accurate 
assessrrent of the recognition and error rate interaction can be made. 
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:n~tructional Use5 of Pi~~uras 

technologists have used the scientific or rationaiistic 

paradigm to study the instructional pot~ntial oi pictures. 

In spite of numerous studies concerned with diiferent 

aspects of pictures, concern has been raised about the 

products cf such resaarch to influence practic~ <Clark~ 

1983; Brody, in press). Some have pointed out .:"fhat it. is 

the difficult to apply the resuits of this research to the 

classroom because the conditions under which the research 

has been conducted are too far removed from the realities of 

the t ypical instructional setting to be very meaningful. 

That is, many have concluded that emulating the practice5 oi 

physical scientists may be inappropriate for sbci .:s.l 

scientists who are primarily concerned with human beings and 

their problems. 

This attention to the apparent lack of utility in 

research spreads far beyond those whr3e interests lie in the 

studv of pictures or instructional technology; rather it has 

become a recurring theme sounded by a broad spectrum of 

~ducational practitioners and researchers. t;.Jhi le some nave 

aticn ignored this concern over the lack of utility, others have 

looked to newer methods of educational inquiry. Of the 

newer paradigms, naturalistic inquiry has receivea the most 

attention and may have the greatest potential to inf iuence 

the practices of instructional ~echnology research in 

general and, more specifically, research on the 
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i ~structicna~ uses o~ pi ctures. 

and procedures of naturalist lc incui ry is not th~ ~e : ~r 

focus of this paper, an understanding of the basic e l e me nt s 

of naturalistic inquiry is necessary Defore one c~n 

understand how it may be used to study the instr~ctionei 

potential of pictures. Thus~ the next section OT the paper 

will briefly describe the major components of nat~rali=tic 

inquiry and to better understand these characteristics, 

briefly compare them to the major assumptions of 

rationalistic inquiry wit~ which we are more familiar <Guba 

& Lincoln, 1982; Smith, 1983). Followina this will be a . . -

more specific discussion of how these characteristics can o 

used in picture-related research. 

Basic Assumption? of Naturalistic Inauiry 

Probably the major difference between the two t y pes of 

research lies in their different views of reality and tru~~ 

The naturalist believes that reality is multifaceted and 

that identifying what is real depends en individual 

experience and interpretation. Furthermore, advocates of 

naturalistic inquiry believe that one can only study 

phenome~a as coherent entities, that should not be separa~ 

into its constituent components. On the other hand, the 

rationalist believes that there exists a single, viable, 

concrete truth and that one can study phenomena b y e >( arninl• 

small components of that phenomenon. The truth cou l d then 

be identified b y combining the results of the v arious 

research on the ccnstituen~1~arts . 
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. tne 1 nvestigator and the suc j 9ct . 

tnat investigators and tneir inst ruments 

influence and interact with the subject. 

. - , 
Wl .<.. .1. 

This is in 1ri2r-k~d 

contrast to the rationalist belief that inv2stigators can 

maintain a safe distance from that which is being exemined 

and that methodological safeguards can be i~pl~mertes ~~ 

help ensure that the act of investigation does not 

influence the outcomes of that investigation. 

The development and formulation of generalizations is a 

linchpin of research based an the raticnalistic paradigm. 

Such statements are usually considered true under all 

environmental and contextual situations. The n .~t Lcral i st. 

however~ believes that it is impossible for phenomena to be 

free from ·contextual influences. Thus, naturalistic inquirv 

does not generally support the attempt to develop 

all-encompassing generalizations. 

The manner in which rationalist~c and naturalistic 

inquiry view the goals of inquiry is yet another 

characteristic which distinguishes the two paradigms. The 

naturalist maintains that the complexities of being hwman 

are so enormous that determining causality is a futile goal. 

Instead, naturalistic inquiry emphasizes the need to develop 

a broad, interpretive understanding of what is taking oiace. 

wnereas understanding is the major goal of naturalistic 

inauiry, determining causality is the ultimate goal o~ 

rationalist inquiry. That is, the primary purpose of 
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i~~~i r y oasac on t h e rational i stic par2a lg .n :s ~o e x p l ai n 

tMe relationship bet~een diff2rent el~ments i n the 

educational satting and use these relationships ~o dev elcc 

universal laws of behdvior. 

Finally, naturalistic and rationalistic inquiry differ 

in the way each approaches the role of values in inquiry. 

The naturalist supports the notion that values are always 

part of inquiry and that the investigator can identi~y and 
-'!I' ' 

·- . - .. -· · ·.: .. 
acknowledge the relevant values so that they can· be utilized 

in interpreting the phenomena being examined. In 

comparison~ researchers using the rationalist paradigm 

believe that through the use of objective methodology~ 

inquiry can be conducted which is free from the values of 

the investigator • If value free, then the results of 

. inquiry can be considered to be representative of ,what 

actually exists. 

Naturalistic Inquiry and Picture Research 

Although other areas cf education have attempted to 

employ the methods of naturalistic inquiry~ educational 

technology in general, and the study of pictures in 

particular, have not yet determined how the naturalistic 

paradigm can be of assistance. This section of the paper 

will try to provide some initial~ if halting~ reflections on 

how o ur understanding of the instructional potential of 

pictures can be expanded by conducting research based on 

naturalistic methodologies. Rather than pointing out how 

each research decision relates to one of the elements of 

naturalistic inquir-y descr-ibecti9bove, only the most subtle 



Whil ~ numerous studies using th~ ra~i~n2l i 5t ce~~a1~~ 

have been conducted~ we k~aw little about ho~ p1~cu~e5, wne0 

included in instructional texts, a r e actuallv used by 

dii-fer 
students and teachers. It is also doubtful ~hetner 

ti r y . 
rationalist research with its emphasis on highly structured 

ways 
and artificial treatments will ever b& able to accurat~lv 

y and 
aescribe this set of behaviors • On the other hand, 

. ti 1 i zea 
naturalistic inquiry with its emphasis on conducting studies 

in their natural settings and qualitative research 

m 
techniques would seem well-suited to examine how pictures 

are used by students and teachers. Let us now e x amine the 

s of 
form such research may take. 

First of all, this research would take place in 

t 
schools, under normal instructional settings. Unlike 

rationalist-based research, there will not be any 

manipulation of independent ·variables. Instead, members of 

to 
the research team will spend considerable time observing how 

al 
different teachers use pictures when teaching reading~ as 

well as how students use them when reading a variety of 

: i c 
instructional texts. The team may also observe teachers 

~per 
when they are planning their lessons and students when they 

ons 
are doing homework . Additionally, both teachers and 

l f 
students will be interviewed extensively~ and asked 

on 
questions about how they used pictures, which p ictures thev 

how 
likeo or disliked, which ones helped them the most, and anv 

of 
other questions which the interviewer thinks relevant. 
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along and to alter the questions from subj ect ~ ~ s~~j~c~ · ~ 

demands that identical questicns be asked t o all 

respondents. 

To increase the trustworthiness of the study , 1~ is 

also likely that there would be a team of investigators whc 

will observe the same classes and int:.ervi~w some of t h e sa'11 • 
. . · .':" .~· . 

people. All of the observers and i ntervi ewiirs woul o e xp en a 

considerable effort in describing the instructional 

environment and context. The types of pictures used, 

outcomes expected, teacher behavior patterns, learner 

behavior, subject matter, and instructional strategies are 

just so~e of the many factors that would be noted b y the 

researchers. Finally, the research team would spend 

considerable time at the ~tudy site to reduce tne 

possibility of distortion due to the presence of the 

investigation team at the school and to ensure that the 

important environmental and conte}~tual characteristics hav 

been identified. 

The result of all the observations and interviews • 1 ' Wl J.1 

be a fairly substantial set of descriptive notes which ~he 

investigator must reduce to a more meaningful and manageab i 

size. As the data is sifted~ organized~ and refined~ 

recurring patterns are identified. In the hypothetical 

study concerned with how pictures are used when they are 

incorporated into instructional texts, patterns rel ated to 

some of the following may ~Jrge: 



- ,-

--the wav pictures are used by students wt~n 

dif~erent characteristics 

--which combinations of pictorial attributes are 

present when students believed a picture was 

particularly helpful 
.ors ~-vhc 

--the extent ta which pictures influenced teacher 

behavior 
I e:<pend 

--the relationship between pictures, student behavior 

and different types of subject matter and learning 

outcomes 

--the procedures used by students to gain meaning from 
es are 

pictures 
I the 

" 
Unlike more c·onventi onai ·and tradi ti c>nal research 

practices, no attempts would be made to infer causal 

relationships for the patterns identified , nor would there 

be an attempt to use the results to explain what had 
tile 

occurred or to predict outcomes in c~her settings. Instead, 
:ics have 

the investigator would most likely try to use the patterns 

identified as a means of increasing the understanding 6f the 
!WS Wi 11 

phenomena being examined--the manner in which students and 
ch \:he 

teachers use pictures included in instructional texts. 
1nageablC-

Rather than using the data to prove or disprove 
I . ' 

generalization s or theories, the investigator would use the 
ca.l 

data to sharpen the focus for the next series of studies. 
• are 

The number and variety of possible subsequent studies 
ited to 

'emerging from the i nitial, hypothetical study is impressive. 

~2 



st~d i es in se~:1ngs similar to those described previcusi y 

could be conducted to determine the ccnsistEncv of the 

observations across similar, yet different~ settings. 

Taking a different approach~ a fut~re investigation could 

focus on one of the patterns or combinations of patterns 

~hich seem incongruent with previous research or which the 

investigator wishes to explore in greater detail. There is 

no reason, for example~ why future studies utilizing the 

techniques of naturalistic inquiry could not examine the 

procedures used to gain meaning from pictures, regardless o+ 

whether or not they are included in an instructional text. 

Similarly, one could conduct a study concerned with the 

influence of pictures on the instructional behaviors and 

strategies of teachers. 

Conclusions 

The hypothetical study briefly described above is but 

one of many areas related to the instructional uses of 

pictures that could be conducted within the framework of 

naturalistic inquiry. Determining the types of 

instructional functions that can be served by pictures or 

examining the role of pictures within a given content area. 

far a specific type of learning outcome~ or for a particular 

type of learner are all potential candidates for research 

utilizing the naturalistic paradigm. 

What is most important to the instructional 

technologist concerned with examining the instructional 

potential of pictures is not the identification of specific 

questions which can bene~l from . natural i stic i r:qu i ry, bLtt 
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~etnocis when it is necassary to provide ~n exceotiana ll~ 

Large data base for a previously ignored area of picture 

research; to determine what occurs in actual instructional 

settings; to generate working hypotheses for future studies 

when none are available; or to simpl y to incr~ase one's 

understanding of the complexity of a problem ~rea. 

It is probably equally important to recognize that it 

is unlikely that inquiry based on either the naturalistic or 

rationalistic paradigm will answer all our questions about 

~he instructional uses of pictures. Instead, it is likely 

that each paradigm will have an important role to serve in 

increasirig our understanding of the reiationshi~ . between 

pictures and effective instruction. On the other hand~ 

instructional technologists have almost totally ignored 

naturali~tic approaches to this area in favor of the more 

conventional rationalistic approache=. One can only wonder 

if we have failed to take advantage of a potentially 

powerful ally. 
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Micro Potentials 

Testing and Measurement Potentials 

of Microcomputers for Cognitive Style Research 

and Individualized Instruction 

At present, many of the instruments used to measure an 

individual's cognitive style are sus~eptible to a variety of 

potential errors, must be individually administered, or are 

otherwise logistically uneconomical. For example, Ib@ 

b§~@~iQQ=QQ2CH§QiQg_~Q~§§_I§§i <Santostefano, 1964) is 

individually administered and requires that the hand-held 

pi c tures be displayed for five seconds each. Lowenfeld's 

~~££§§§i~@_lffi~C~§§iQQ§_!§§i_l (1945) employs a film presentation 

that requires the subject to respond within a relatively short 

period of time in order to keep up with the film's pace of 

presentation. 

Ruski n, and Karp, 1971) uses a 32-page booklet for each subject 

tested. 

Over the past seven and one hal i years, microprocessors have 

become increasingl y available within our schools, and will become 

even more widespread in year s to come. With this growth in 

microcomputer use and the increasing emphasis on 

individualization of instruction, the need for student diagnosti c 

tool s that a re dependable, reliable, p recise, and efficient will 

also grow . 
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Micro Potentials 2 

Microcomputers are dependable machines. In the 

five year history of the microcomputer teaching lab at 

the University of Oklahoma, time lost due to equipment 

failure has been negligible despite heavy use by inexperienc 

and accident prone students, staff and faculty. 

Microcomputers are precise. When instructed to 

display a sequence of screens for five seconds each, it 

will display each screen in the prescribed sequence, at 

the same viewing angle, and without tremor, for exactly 

five seconds. 

Microcomputers are economical. Once the microcomputer 

been purchased and a relatively small amount has been spent 

software, the cost of administration of diagnostic tools on 

individual basis to an unlimited number of students is limit 

the cost of electricity for a low consumption instrument, an 

occasional two do l lar reusable floppy disk for data storage. 

Many tests can be scored by that same microcomputer. Yet an 

consideration is that microcomputer p rograms can be develope 

a way that r·equi 1~es virtually r.u prior e :·:peri ence with ei the 

computer or with typewriter keyboards. The Liser r·esponses c: 

gathered with the press of a single key (sometimes any key>. 

Peripherals such as game paddles or joy sticks allow cursor 

control and response to onscreen prompts with the spin of a 

or the push of a button. Light pens, graphic tablets, 

screens and the 'mouse' all simplify user input. 

The graphic capabilities of many microcomputers are 

the a s set that most enhances thei r value in the delivery of 
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Micro Potentials 3 

cognitive style diagnostic and research tools. Being able to 

display pictures in high or low resolution in either color or 

blac k and white, these microcomputers can replicate the test 

s t imuli that are used in many of the commonly used tests. These 

same graphic capabilities may also be used to display text font 

t f or diffent languages and in varicius sized to accommodate !:>e .s 

the young and those with visual handicaps. 

The remainder of this presentation will describe and demon-

strate microcomputer versions of three commonly used tests : 

Ib§_§CQ~E-sIDQ§QQ§Q_[ig~C§§_I§at for Field Dependence·-Independence 

Leveling-Sharpening cognitive contr ol pr·inciple (Santostefano, 

Haptic perceptual styles <United States Army Air Corps, 1944>. 

El.9h!!'.:§§LI@at <EFT> <Witken, 1950) to fac ilitate group testing . 

In each of the 18 test figures taken from the EFT, one of eight 

simple figures is incorporated in~o increasingly complex figures 

so t he extensions of the lines composing the simple figure make 

up elements cf the complex figure. <See Figure 1). Therefore, 

the simple figure tends to blend with, or is embedded within, the 

surrounding visual field. Disembedding the simple figure from 

the complex field is a task that the field independent subject 

shou ld be able to accomplish. Results of GEFT testing have been 

consistent with those from the~EI, Ib§_BQ~-~QQ_Ec~m~_!§§t and 

Ib§_~Q~~-B~JY§!ill@Qi_!§§! <Witkin, Moore, Goodenough & Cox, 1977>. 

The EFT used colors to emphasize the large organized field 
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Micro Potentials 4 

and obscure the simple figure. The GEFT has accomplished 

through light shading of similar areas on each figure. 

During administration of the GEFT, the simple figures 

printed on the back cover of the booklet while the complex 

figures are on the right side cf each inside page. This is 

prevent the individual from seeing the two simultaneously, 

although they may look from one to the other. This is 

accomplished with the microcomputer by using graphics pages 

and two and allowing the subject to toggle back and forth. 

Streibel (1980) reports finding decreased differentiati 

between the cognitive styles with increasing stimulus size. 

imposes a limitation on the size of the monitor screen used 

testing. The figures used in the microcomputerized ver sion 

developed to the same scale as the paper . and pencil version , 

an 11 '' monitor, a very commonly used monitor size. 

The GEFT is administered in three sections. Following 

sample figure and solution, the subject is given two minutes 

comp lete First section, five minutes for t he Second Section, 

fi ve minutes for the Third Section. 

microcomputer version. 

This is duplicated in t 

In the paper and pencil GEFT, the subject traces overt 

outline of the simple figure. This has been accomplished w1 

the microcomputer version by using a LPS I I graphics 

from Gibson Laboratories, with which the subject can draw a 

colored outline over the simple figure. This new composite l 

stored on a floppy disk for later scoring. 
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!b§_b~~§ling=§b~C~§QiQg_HQY§§_!g§t 

!b§_bg~gling=§b~ca@ning_HQY§§_!g§t <LSHT> was developed by 

Santostefano (1978) to relieve ·the tedium _and boredom that 

subJects encountered with the earlier- §~b§m~t!~!og_§gy~C§§_I§§t, 

a nd to add the conceptual familiarity for younger children not 

f ound in the b@~§!!ng=§b~CQ§QiD9-~!C£!§§_!§§t yet still have 

adequate complexity for- the older child that was not present in 

the b§~§ling=§b~C~§QiQg_~~ggn_Ig§t <Santostefano, 1964). The 

LSHT is described as being effective with subjects fr-om three 

years of age through adulthood <Santostefano, 1978). 

The LSHT consists of a series of 60 handheld test cards, the 

fir-st of which shows a black and white line cir-awing of a house 

and adjacent l andscape <See Figure 2). The cards are shown for 

fi ve seconds each. On every third card a picture will have some 

detail omitted until by the 58th card, 19 elements ar-e missing 

from the original scene. Less conspicuous elements are 

eliminated in the earlier frames and more conspicuous ones later. 

The subject is i nst1~L1cted to E; t., .dy each card and then, when 

t he next card is shown, to stop the examiner if any changes are 

noted. When directed by tl1e ·subject to "Stop", the e:·:aminer 

records the subject's response, whether correct, incorrect or 

imagined. 

The examiner begins by raising the deck of cards so that the 

subject sees the first card. Observing a stopwatch, a fter five 

seconds, the first card i s laid face down so that the second card 

15 seen. This sequence is followed, paus i ng to record the 

subject's responses, until all 60 cards have been shown. 
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Micro Potentials 6 

The Leveling-Sharpening cognitive control principle de 

with how an individual organizes information images in memo 

subsequently relates those images to current information. 

pers on who is a leveler has a global image with which new 

information is fusedy whereas the sharpener differentiates 

between memories and present information. Th e r efore, on th 

LSHT, the sharpener should more quickly and accurately dete 

changes in the scene. 

The Leveling-Sharpening ratio is determined by 

detected, changes not detected~ and how quickly, in number 

frames from item deletion, the changes were detected. The 

greater the number of changes noted and the faster the 

are noted, the lower the L-S ratio will be and therefore th 

greater the tendency toward sharpening. 

The need for manipulating handheld cards, watching a 

stopwatc h and concurrent recording of the subject's respons 

introduce the possibility of variable precision in administ 

the. LSHT. This potential, as well ~shaving noted a need f 

administration technique that eliminates the necessity of 

a trained examiner present, led Ragan and Dillingham <1979> 

develop a microcomputerized version of the LSHT that in 

trial has shown no apparent difference in adult subject 

n:~sponset;. 

The microcomputer version of the LSHT is accurate and 

preci se in stimulus detail and in presentation timing. As 

s tandard scenes are presented on 8 x 11 inch cards, accurac) 

duplicat i on for the computer requires using full screen gra 

63 

- ·---- - --- -------



:ials 6 

in memor 

1tion . A 

h new 

ti ates 

, on the 

1 y dete 

changes 

'lumber 0 , 

The 

1e chang 

Fore the 

. ng a 

·esponses 

lmi ni ster 

need for 

.y of ha\ 

( 1979) 

in 

c t 

e and 

As 

: cL1racy 

m graph! 

Micro Potentials 7 

on a 13 inch monitor. 

To obtain the desired advantage of eliminating the need for 

a trained examiner to monitor, clarify and record responses, the 

subject may type their responses on the keyboard. The computer 

will then tag the entry with the frame number and store it on 

disc for later interpretation. This raises the question of 

whether or not a typed response will retain the spontaneity and 

form that is obtained from an oral report. Also, when present 

during the testing, the examiner may clarify any unclear 

responses before interpretation. 

An associated and probably greater drawback is that even if 

keyboard entry is shown to be no significant detriment, this will 

probably hold most true for the rel atively skilled typist with at 

least moderate written communications skills. The hunt - and-peck 

typist, and those with poor writing ski lls, will likely become 

distracted and frustrated, reducing the validity of data 

gathered. It is a lso difficult to imagine many three to five 

year olds being able to effectively enter information this way. 

The microcomputer version of thL LSHT was developed to be 

used by adult subjects. For those who have difficulty with 

keyboard response entry, the test would retain the value of its 

stimul us presentation attributes by having a trained observer 

present for data gathering. 

Ib§_§~££~§§iyg_JmQr.§a§iQ02_I§2i 

As described by Lowenfeld <1945>, Ibg_!§§i_EQC_!oiggc~tiQQ 

Qf_§Y££§§§i~§ lfilQC§§§iQQ§ requires the subject to integrate a 

series of partial impress ion s into a whole. This ability belongs 

to a person of the visual perceptual style, rather than the 
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haptic who's perception is primarily through the kinesthetic 

tactile modalities. 

Lowenfeld's test presented on film for group administration . 

SPT-I is composed of three practice and thirty five test ite 

The subject is presented a blank screen with a narrow window 

moves from the top to the bottom of the screen in one second , 

successively revealing parts of a line drawing. The subject 

instructed to attempt to visualize the parts as a whole figw 

Then the subject is shown a screen with the intact figure and 

four similar drawings, and is instructed to choose the corr~ 

figure. <See FigLu~e 3). The subject then records his/her 

selection on a paper score sheet. 

The score is the number of correct responses. Ragan• et 

(1979) summarize the research in this typology and report a 

distribution of 50% visualizers, 25% haptics, and 35% 

indeterminates. This converts to scores on the SPT-I of 18-. 

correct visual, 0-9 correct haptic, and 10-17 correct 

indeterminate. 

A modification of the SPT-1 for microcomputer delivery 

been done by Edu-Ware Services, Inc. · <copyright 1979), under 

This version allows the user to 

the number of verticies of the target drawing and the degree 

variation between the target and the incorrect figures on th~ 

matching screen. E§C£§Q~iQO_!! reports the number of correct 

responses and a score bas~d on the difficulty of the items u 

This program 
test. 

l. <=" 
.:> not described by the author as a cognitive s 
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8 Micro Potentials 9 

1etic The author is presently developing a version that will 

replicate the SPT-I. Lowenfeld <1945) gives no indication of 

;ion o~ obJect size or duration of exposure of the successive images . 

. ion. : Given the variation in projected image size based on distance, 

i terns apparently size is not important . The version under development 

ndow t will r etain the one second exposure time used in the film 

cond , version. Scoring will be done b y the program. 

Ject 1 

f i gL1re Microcomputers seem to be capable of administering many of 

e and the commonly used cognitive style measurement instruments. They 

o rrect are dependable and can increase reliability through increased 

r precision and accuracy. It is economical to use microcomputers 

for test administration. While some tests, such as !b§_b§Y§l!og= 

n, et §U~C~§QiQg_~Q~§§_l§§i may still need a trained observer, many 

t a 

lmRC§§§!QO§_!§§i_! relieve the need for close supervision. All 

18-35 three maintain or increase test reliability. These factors and 

the ease of gather ing data should help encourage further research 

in the use of cognitive styles fer the individualization of 

~ry ha instruction. They will surely assist in the delivery of that 

ider t instruction. 

:e rmin 

1ree or 

I the 

is use 

e sty! 
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ABSTRACT 

The present study investigated the research construct of 

encoding specificity using an applied research orientation. 

Encoding specificity considers the effects on memory of the 

interactive relationship among encoding, the stored memory trace, 

and external retrieval cues. The present experiment used typical 

classroom presentation methods and testing methods to investigate 

the encoding specificity hypothesis. Two types of instructional 

presentations were given, one visualized and one verbalized. 

Three types of testing measures were used to test factual 

learning, each providing different types of external retrieval 

cues; free recall; verbally cued-recall, and visually cued-recall. 

A complex relationship existed between type of instruction and 

type of external cue provided during testing, essentially 

supporting the encoding specificity hypothesis. 
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Problem and Rationale 

The psychological research construct of encoding specif 

addresses an important orientation for educational technolog 

involved with research on learning and instructional develoµ 

activities. In the encoding specificity orientation, the 

to recall learned information is a direct function of the 

relationship which exists among encoding [information 

input/learning], the stored memory trace [cognitive informat 

and the external retrieval cue. In this respect, encoding 

specificity research concludes that it is possible for 

information to be available in the cognitive structure, and 

therefore to have been learned; however, for retrieval purpo 

this inf ormation may be inaccessible because the appropriate 

external retrieval cues may not be available in the testing 

environment. 

The importance of the encoding specificity construct for 

educational technologists is revealed by the fact that a num 

of research studies have found that significant interactions 

exist among encoding, memory trace, and external retrieval c 

The practical significance inherent in the encoding specif ici 

construct implies that if a mismatch exists between how 

instructional content was originally presented to students 

how it was subsequently evaluated - in terms of having the 

appropriate retrieval cues available in the evaluation mode -

students will not be able to utilize fully information previo 

acquire d. 

75 

on t 

cun 

of : 

migl 

Whi 

gen 

dif 

usi 

cor 

SpE 

spE 

lei 

es : 

sl 

se 

c c 

cc 

ec 

tc 

pl 

w 

t 



specifi 

hnologi 

the abi1 

the 

formati 

ding 

, and 

purpos 

priate 

sting 

uct for 

a numbe 

ct ions 

e val cue 

ecificit 

N 

:nts and 

the 

mode -

previoU 

3 

Although a number of empirical studies have been conducted 

on the encoding specificity construct, little applied research is 

currently available. Most of this research has focused on types 

of learnin.g and experimental conditions far removed from what 

might be expected to be found in a typical classroom environment. 

While these research findings are valuable, they make 

generalization to specific classroom instructional environments 

difficult. The present study purports to address this problem by 

using typical classroom instructional materials, academic 

content, and environment, within the context of an encoding 

specificity study. The majority of past research in the encoding 

specificity area has used various forms of paired-associate 

learning tasks presented to individual subjects, representing 

essentially a laboratory situation, {Tulving, 1979). 

The learning conditions in the present study use a 

slide-tape instructional presentation, typical of an audiovisual 

segment during a class session . The experi_mental conditions were 

conducted in a classroom setting with groups of 40 subjects. Of 

course the subjects were aware that they were involved in an 

educational study, but they were told that the content they were 

to learn was a typical college type of academic content in 

phys i ology. Additionally, they were told that the presentation 

method was a slide-tape audiovisual presentation, similar to what 

would be seen as part of a class session . They were also told 

that they would be required to remember information presented in 

76 



the audiovisual program, similar to what would be done durin 

audiovisual classroom segment. While the subjects knew they 

involved in an experiment in learning, the present studies' 

conditions emulated a classroom situation far beyond most of 

past research with the encoding specificity construct. 

Furthermore, the slide-tape content presents 

with an instructional program which describes the names of t 

parts and functions of the human heart. Agai n this content 

typical of what would be found at the college level in a 

class audiovisual segment to complement a lecture. The 

slide-tape instru·ctional materials employed in the study 

adaptation of the Dwyer (1967, 1978) instructional treatment 

materials. These materials were used because they closely 

resemble audiovisual instructional presentations used in the 

classroom and have been validated in a large number of studi 

investigating a variety of instructional and learning hypoth 

( Dwyer , 19 8 2 ) . 

Related Encoding Specificity Research 

The crux of the encoding specificity research orientatio 
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involved with the interactive relationship which exists among Fr 

encoding phases, the memory trace, retrieval cues, and subse. re 

effects upon the learner's skill performance. Basic research cc 

encoding specificity, from a psychological res e arch paradigm, mE 

suggests that encoding specificity is not a superficial re 

phenomenon, but is rather a psychologi cal principle. Tulving U! 

(1979, p. 417) in reviewing the related literature in this ar T; 
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has concluded that" •.. over a considerable range of experimental 

conditions, empirical facts show that remembering of events is 

determined by the interaction between encoding and retrieval." 

similarly, in an early study, Tulving and Osler (1968) found a 

direct relationship between encoding and retrieval. Using a 

paired-associate learning paradigm, they had two encoding 

conditions and two retrieval conditions. The two encoding 

conditions were; Cl) a target word plus cue A, and (2) a target 

word plus cue B. The two retrieval conditions were; (1) present 

retrieval cue A, and (2) present retrieval cue B. The experiment 

resulted in the following strong interaction as revealed by 

percent of correct recalled target words. 

(Encoding Cue) 

A 

B 

(Retrieval Cue) 

A 

62% 

33% 

B . 

29% 

62% 

From these results Tulving and Osler concluded that successful 

retrieval of information stored in the cognitive structure is 

conti ngent upon the appropriate external cue to match the stored 

memory traces. It should also be noted that this early study 

represents the typical encoding specificity experimental setting, 

using paired-associates, administered to individual subjects. 

This type of highly experimental setting is quite removed from 
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typical classroom instructional environments. Additionally, 

that the retrieval cues are similar, stemming from the encod· 

contexts, but represent different cues to access different 

traces. This difference in cues should not be interpreted a 

incompatibility, but simply as different cueing types. 

In a later experiment by Thomson and Tulving (1970), 

results occurred, indicating a strong significant relationsh ' 

between encoding and retrieval cue. This experiment used a 

paired-associate learning task and several types of cue 

conditions. From their results, Thomson and Tulving (1970, 

261) concluded that "retrieval of event information can only 

effected by retrieval cues corresponding to a part of the to 

encoding pattern representing the perceptual registration of 

occurrence of the event." In this respect the original enco · 

specificity hypothesis can be interpreted to indicate that 

retrieval is facilitated if external retrieval cues match a 

of what was stored during l earning. 

The majority of the encoding specificity research has us 

experimental designs that directly relate to the memory elem 

of encoding, the memory trace, retrieval cues, and the 

interaction of these memory elements, (Anderson, Pichart, Goe 

Schallert, Stevens, and Trollip, 1976; Tulving and Watkins, 1 

Moscovitch and Craik, 1976 ) . Results of these experiments 

genera lly confirm the encoding specificity hypothesis. 

there is the counter argument that is offered by the l e vels 

processing research orientation. Craik and Lockhart (1972, 
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645) contend that "trace persistence is a functi6n of depth of 

analysis, with deeper levels of analysis associated with more 

elaborate, longer lasting, and stronger traces." In line with 

the levels of processing conclusions , memory research further 

indicates that orienting tasks which tend to cause deeper more 

elaborate memory traces do improve recall of learned information, 

(Hyde and Jenkins, 1969; 1973). Such orienting tasks could be 

directions to form images, advance organizers, or specific 

acquired mnemonic strategies. Craik and Tulving (1975) found 

that free recall and recognition varied considerably, contingent 

upon the type of orienting tasks, or memory instructions, given 

prior to learning. 

However, while the levels of processing orientation appears 

viable, in explaining psychological factors related to recall and 

the recognition of stored information, the levels of processing 

orientation provides only part of the explanation . Recall and 

recognition memory are probably effected by orienting tasks 

altering processing level, but the relationship between the 

stored memory trace and external retrieval cues is a strong 

variable determining the success of memory operations. In a 

series of experiments investigating the levels of processing 

hypothesis, Fisher and Craik (1977, p. 709) concluded that " 

the retention levels associated with a particular type of 

encoding were not fixed, but depended heavily on the type of 

retrieval cue used . " This conclusion may be interpreted to 

indicate that external retrieval cues will have a significant 
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relationship to learned information, in terms of improving 0 . 
debilitating recall and recognition. 

One generalization which may be derived from past resean 

on encoding specificity is that a significant relationship 

among encoding, the stored memory trace, and the external 

retrieval cue. Additionally, the compatibility of these thre 

memory elements will have significant effects upon the learn 

ability to apply stored information during the testing situa 

The problem with much of the past research in this area, how 

is that learning tasks, learning materials; and presentation 

methods, employed in the experimental context, are too remov 

from typical instructional methods and classroom settings. 

situation ma~es it difficult to apply these significant 

results to the task of designing appropriate evaluation and 

testing methods, that match instruction in terms of the basic 

memory elements of encoding, memory trace, and retrieval cues 

The present study attempts to evaluate the encoding specifici 

orientation within the context of an applied learning 

situation. 

Experimental Design and Procedures 

This study employed a 2x3 analysis of variance design 

utilizing two between-subjects variables. The first 

between-subjects variable was the type of instruction present 

The two levels of the instructional variable were the visuali 

mediated instruction (VISU) and the verbally mediated instruc 

(VERB). The type of content included in each instructional 
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was representative of the kind of academic content typica lly 

presented in teaching-learning situations. The instructional 

unit was designed to instruct learners on the names of the parts 

and processes of the human heart. The instructional units were 

presented in the form of slide-tape presentations lasting 22 

minutes . Both slide-tape programs used the same pulse 

synchronized audio tape, so the to-be-learned instructional 

content in both units was identical. The difference between the 

VISU and VERB instructional presentation was in the slide portion 

of the presentations. Both groups saw the same number of slides 

in the same sequence. The VISU group saw a color illustration 

slide set with a verbal label identifying the relevant heart part 

on each slide, anq an arrow pointing to the part. Each slide was 

an artist drawn illustration of a dissected heart, similar to 

what would be found in a textbook. The VERB group saw a set of 

verbal label slides, which consisted of a verbal label that named 

the heart part described on the audio tape. the VERB slide set 

presented the same verbal labels that appeared on the VISU slide 

set, but did not contain an artist illustration. The VERB slide 

set contained verbally mediated instructional content, supported 

by the audio tape program. 

The second betwe~n-subjects variable was the type of cueing 

measure used during testing. This variable serves as the key to 

the encoding specificity hypothesis in the context of this 

expe riment. Three measures of the cueing variable were employed 

{free recall, visually cued-recall, verbally cued-recall) . These 
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three measures were designed to test the learners' ability to 

acquire from the slide-tape instructional programs the names 

the parts of the heart and the heart phase names. There were 

part names and 2 phase names to be learned from the instructi 

programs, producing a total of 21 possible points on each 

All three measures tested the same intellectual skill, in 

case the factual learning of 21 part and phase names. Both 

instructional units provided the learner with the same target 

information to accomplish the specified learning task .· Howev 

the difference in each of the measures was in the type of 

external retrieval cue provided to the learner during testinq 

The measures represent different cues designed to assess the 

encoded target information, the 21 part and phase names assum 

to be stored as a function of interacting with the heart 

slide-tape instructional programs. Both the visually cued-re 

measure and verbally cued-recall measure were derived from t h 

original instructional program content, so they were compatia 

but represent different cues to assess the stored memory 

traces. 

The free recail measure required the subject to list the 

parts of the heart and the 2 heart phase names from memory, i 

any order. The visually cued-recall measure required the sub 

to write down the correct part name when he saw that part 

identified by an arrow on an illustration slide. To accompli 

this, subjects saw the illustration slides of the heart, 

describing the parts and phases, with the verbal labels remov 
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Each slide had an arrow, however, pointing to the part in 

question, and subjects were instructed to write down the part 

name. The slides used were from the VISU instructional program 

and were the slides naming the parts and phases, however, the 

slides were altered by removing the verbal labels. 

1 1 

The verbally cued-recall measure provided the subject with a 

verbal cue of the part name or phase name in question . To 

accomplish this subjects saw a set of verbal cue slides. This 

set of slides consisted of 21 slides, each containing a verbal 

cue relevant to a particular part or name. The verbal cue on 

each slide consisted of the first three letters of the part name 

the subject was to recall. For example, the cue for myocardium, 

was MYO. For heart part names that distinguished between 

arteries, veins or valves, (i.e., Pulmonary Artery vs. Pulmonary 

Valve), the cue AR, VE, or VA was given next to the three letter 

cue. Additionally, for a part that was distinguished as Right or 

Left, the cue R or L was added to the three letter cue. Subjects 

were instructed to write down the complete name of the part or 

phase when they saw the cue slide. 

A total of 273 undergraduate level students enrolled in the 

College of Engineering at The Pennsylvania State University 

constituted the population for this study. All subjects took a 

Pretest on physiology to determine their level of prior knowledge 

in general physiology. Of the 273 subjects, 31 were identified 

as hav ing significant knowledge in physiology by scoring above 

59% on the physiology pretest. They participated in the study 
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but all their data was eliminated from the final data pool. 

Additionally, two other subjects' data were randomly elimina 

from the study to provide an equal number of subjects 

cell of the analysis of variance. Data was calculated 

total of 240 subjects, with exactly 40 subjects in each of t 

six cells of the analysis of variance. 

Subjects were randomly distributed to the instructional 

treatments of visualized mediated instruction, and verbaliz~ 

mediated instruction. There were 120 subjects in each of the 

instructional treatment groups from which data was collected. 

From within each instructional treatment group, subjects weu 

randomly distributed to each of the cueing measures, making 

the testing . conditions of free recall, visually cued-recall, 

verbally cued-recall. 

Instructional treatments and testing conditions were 

administered to each cell in the experimental design .. separat 

There were six groups of subjects, making up the six cells of 

experimental design. The six cells were: 

1) VISU instruction + Free recall, 

2) VISU instruction + Visually cued-recall, 

3) VISU instruction + Verbally cued-recall, 

4) VERB instruction + Free recall, 

5) VERB instruction + Visually cued-recall, 

6) VERB instruction + Verbally cued-recall. 
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The six sessions of instructional treatments and testing 

conditions, were administered during a six hour block of time on 

one day . Each session starte d on the hour , subjects were given 

45 minutes to view the instructional treatment and take their 

particular test. Subjects were told prior to the instructional 

treatment that they would see a slide- tape instructional program 

on the human heart. They were told that the slide-tape program 

represented a typical audiovisual program used to complement a 

class session. They were also told to try and remember basic 

facts from the slide-tape instructional setting. Finally, 

subjects were advised to interact with the instructional program 

in the same way they would with an audiovisual program presented 

during a class session. 

Immediately after the slide-tape program about the heart, 

subjects were given their respective testing condition. They 

were given instructions on how to respond to their particular 

test, contingent upon their type of testing condition. After the 

subjects completed their test, they were given instructions not 

to tell their friends what the slide-tape program was about and 

what their test was like. They were then told that the 

experiment investigated memory skills, and that prior knowledge 

about the instruction and the testing, would give their friends 

an advantage and contaminate the data . The same procedures and 

instructions were carried out in all six sessions. 
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Results and Discussions 

The raw data was analyzed using a 2x3 analysis of variar. 

yielding the following resulting analysis of variance summary 

table (Table 1). ' 

BETWEEN SUBJECTS 

Source Mean Squares Df F-ratio ProbabiH 

Instruction 

Cue Measure 

CA) x (B) 

Error 

(A) 484.504 1 41 . 030 

( B) 734.629 2 62.211 

240.754 2 20.388 

11.809 234 

Table 1: Resulting Analysis of 
Variance Summary Table 

.0001 

.0001 

.0001 

t 
! 

1, 

Statistically significant results occurred in the instruction1 

variable and in the cueing measure variable. Additionally , a 

statistically significant interaction occurred between the 

instructional variable and the cueing measure variable. 

The significant results on the instructional variable, 

l 

I 

I 
I 
l 

' 

[F(l,234,df ~ = 41.030, p = . 0001] indicated that the visualizl 

mediated instruction mean ex= 13.175) was superior to I 

the verbalized mediated instruction mean (X = 10.333). ' I 

This finding is generally consistent with prior research cowy1 

1978) which contends that when visualization is properly desi1 

and integrated into an instructional sequence, increases in 

student performance are likely to occur . 
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Significant results on the cueing measure variable 

[F(2,234,df) = 62.211, p = .0001] yielded statistical difference 

between the types of cueing measures. A Tukey test set at (.01) 

alpha indicated that the verbally cued-recall measure 

(X = 15.24) differed significantly from the free 

recall measure (X = 9.73), and the visually 

cued-recall measure (X = 10.30). In this analysis the 

free recall measure (X = 9.73) did not differ from the 

visually cued-recall measure (X = 10.30). At first 

glance the lack of significant differences between the free 

recall and the visually cued-recall measures may appear 

surprising, since a cued-recall measure should aid memory. 

However, note that a significant interaction occurred. This 

interaction affected the visually cued-recall overall mean score. 

So when the visually cued-recall mean score was averaged across 

the VISU and VERB instructional variable, any mathematical 

differences between free recall and visually cued-recall were 

cancelled. However, looking at Table 2, it can be seen that 

statistically significant differences occurred between the free 

recall mean (X = 10.55) and the visually cued-recall 

mean (X = 13.68), at the VISU instructional variable 

level, (Tukey test at .01 significance level). Additionally, no 

statistically significant differences occurred between the 

visually cued-recall cell and the verbally cued-recall cell at 

the .01 level of significance using a Tukey test. This result 

can be interpreted to indicate that cued-recall aids learning 

over free recall. 
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However, the encoding specificity theory would have 

predicted that given the VISU instructional condition, the 

verbally cued-recall test should have been significantly low 

than visually cued-recall testing, not statistically equal. 

can be explained by the fact that during VISU instruction the 

subject perceived a visual illustration and a verbal label. 

this learning condition it can be assumed that a dual code, 

visual and verbal, must have then been stored since both vis· 

cues and verbal cues allowed effective recall. In a hypothe 

sense this supports the encoding specificity theory, since 

visual and verbal cues related to the assumed to be stored v1 

and verbal encoding contexts. It is likely that a complete 

cross-over interaction could occur by eliminating the verbal 

labels from the slides in the VISU instructional condition. 

this were done, subjects could acquire the target information 

the part and phase names, from the audio portion of the 

slide-tape instructional program. 

The analysis indicated a significant interaction existed 

between the instructional variable and the cueing measure 

variable [F,(2,234,df) = 20.388, p = .0001]. A Tukey tests 

.01 alpha was used to indicate the source of the interaction 

The individual cell means appear in Table 2 and the resultin9 

disordinal interaction is illustrated in Figure 1 . 
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Figure 1: Disordinal interaction. 
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Looking at the cell means the Tukey test (alpha 

,Ol)indicated that the free recall means did not differ 

significantly at each of the two levels of the instructional 

variable, VISU and VERB . Similarly, the verbally cued-recall 

means did not differ significantly at each of the levels of the 

instructional variable. The source of the interaction was found 

to be with the visually cued-recall measure. As can be seen in 

Table 2, the visually cued-recall means differed significantly 

across the VISU and VERB instructional variable levels. The 

visually cued-recall measure was not effective for subjects 

receiving verbalized instruct i on. However, for subjects 

receiving visualized instruction the visually cued-recall measure 

was effective. 

The resulting interaction finds support for the encoding 

specificity hypothesis, indicating a significant relationship 

between encoding, the memory . trace, and the external retrieval 

cue. Both the VISU and VERB instructional conditions provided 

subjects with the names of the parts of the heart and the heart 

phase names. However, the two instructional conditions provided 

this essential to- be-learned information in a completely 

different encoding pattern. The VISU instructional condition 

provided subjects with the heart part and phase names in a visual 

context allowing storage of a visual and verbal memory trace. 

The VERB condition provided the part and phase information in a 

verbal context allowing storage of a verbal trace only . The 

external retrieval cue of visually cued-recall was compatible 
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' with the visual memory plus verbal memory trace assumed to be 

stored as a result of the VISU instructional condition, but 

incompatible with the verbal only memory trace given in the~ 

instructional condition. Even though both instructional 

presentations allowed the subjects to store the relevant 

to-be-learned information, they could not recall the correct 

information if incompatability existed between external retri 

cues in the test and information stored in the cognitive 

structure. 

In the case of the visually cued-recall test for learner 

receiving verbal instruction, the resulting student performan 

was found not to be a function of what intellectual skills we 

learned from the instruction, but rather a function of the 

compatibility between the external retrieval cue and the stor 

memory trace. Even though the learner had acquired the 

intellectual skill of factual learning, the form of the testL 

condition caused the difference in performance, not the actua 

learned intellectual ability. The practical implications of 

result relate directly to the development of instruction and 

testing conditions existing in the typical learning environrne 

If visual information is presented in the instruction, or is 

critical component of instruction, visual cues should be provi 

for in the testing condition. For example if the learner 

receives a demonstration of an engineering laboratory experiro' 

using an apparatus to be set up and correctly employed, the 

testing situation should not be completely verbal. In this 
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example the learner may have acquired the psychomotor and 

intellectual skill but the correct cues to allow performance may 

not be on the test. In training situations equipment operations 

and specific procedures are often taught via visualized 

instruction, but tests tend to be mostly verbal. It is likely 

that the learner may have acquired the skill but cannot perform 

satisfactorily because of the incompatibility between the learned 

information and retrieval cues provided on the test. Traditional 

verbal tests may be appropriate for verbal only instructional 

methods but if visuals are a significant part of the instruction 

and the learned skill, there should be visual cues on the test. 

These visual cues should relate directly to what is assumed to be 

stored in the learner's cognitive structure and be congruent in 
.. 

format. Presently, in most classroom testing situations, there 

exists a mismatch between the encoding context of instructional 

information and cues provided externally during testing. It is 

likely that in such a situation the intellectual skills may have 

been acquired, but performance failure may occur as a func.ti on of 

the extenal cue and memory trace mismatch. 

The results of this study indicate that there is a 

significant relationship existing among encoding, the stored 

memory trace, and retrieval cues. Furthermore this significant 

relationship applies to the classroom teaching-learning-testing 

environment, since within the context of a classroom learning 

situation the encoding specificity hypothesis was able to be 

supported. This relationship has significant implications not 
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only for the development of instruction and testing, but for 

subsequent research endeavors in the areas of visual learning 

the improvement of instruction and evaluation procedures. F~ 

applied research in the area of encoding specificity might f i 

it fruitful to consider the relationship that exists among 

encoding, memory trace, and external retrieval cues when cont 

presentation and evaluation strategies are systematically var 

and where student intellectual performance at different learn 

levels is considered as the dependent variable. 
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ADMINISTRATORS' PERCEPTIONS OF COMPUTER USAGE IN EDUCATION 

PURPOSE 

With the advent of the microcomputer, educators are develop-

ing an increased interest in the possibility of using this tech-

nology in the formal educational setting. There is a special 

interest in its application for kindergarten through twelth grade 

schooling. Wh ile there is a great deal of discussion relating to 

this possibility, relatively little data are available regarding 

the attitudes that school principals have toward the use of this 

educational medium in the classroom. Since principals are the 

chief administrative officers at the school level, their attitudes 

t oward any learning approach are instrumental in guiding the 

adoption or rejection of the use of computers within their spere 

of control. For this reason, it is important that the views of 

these decision makers be studied and taken into consideration when 

looking at the potential of computers in education. 

Research Questions 

This study concentrates upon those attitudes which the 

educational leaders hold. In particular, the subtopics studied 

were: 

A. In the opinion of principals, what would be the 

probable student response to computers in the classroom? 

B. In the opinion of principals, what would be the 

probable teacher response to computers in the classroom? 

10:1 



c . In the opinion of principals, what is the curr~ 

level of computer literacy among their school teachers. 

D. In the opinion of principals, will the effect of 

computers in education be positive or negative . 

E. In the opinion of principals, which factors are 

most important in the future purchase of computer equipment ? 

F. In the opinion of principals, how are computers 

presently used in the classroom? 

G. Are schools in large school districts more or l e 

likely to have computers than schools in medium or small sch 

districts? 

PROCEDURE 

In October of 1982, a survey questionnaire was mailed t 

p rincip a ls of 10% of the K-12 schools in Arkansas. The scho 

were selected randomly from three size school districts : sm 

medium, and large. The response rate to the questionnaire w 

equivalent among these groups. Sixty-four percent of the 

institutions surveyed returned the questionnaire (76 

RESULTS 

During the following discussion of the results, the rea 

may refer to the survey questionnaire included at the end of 

report . 

Principals in kindergarten through t welfth grade schools 

asked to rate the probable student interest i n using comput e! 

the c l assroom . (Question # 19 on the survey) . The data ind~ 

most of the students would welcome the computer as a part of 
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education. Sixteen of the responding principals felt that 91-100% 

of the students would have a very favorable attitude toward the 

use of computers in the classroom. As chart 1 shows, the principals 

believed that there would be little student opposition to the 

introduction of the computer • 

Responses 

Percent of Very Favorable Neutral Unfavorable Very 
Students Favorable Unfavorable 

1-10% 2 11 23 16 9 

11-20% 2 9 6 2 0 

21-30% 6 11 5 1 0 

31-40% 3 3 3 0 0 

41-50% 6 5 1 0 0 

51-60% 2 2 0 o· 0 

61-70% 4 1 0 0 0 

71-80% 12 0 0 0 0 

81-90% 7 0 0 0 0 

91-100% 16 8 0 0 0 

Table 1. Principals perceptions of student resp·onse to the use of computers 
in the classroom 

The resulti of probable student interest were not particu-

larly surprising. However, the question which dealt with the 

probable teacher response to using computers in the classroom 

Yielded an unexpected response. (Question 20 on the survey). 

The principals' responses sugg e sted that, the great majority of 



educators in their schools would also support the use of co 

technology. In table 2, note that the attitude trends towar 

use of computers in the classroom is quite similar between $ 

and teachers. 

Responses 

Percent of Very Favorable Neutral Unfavorable Very 
students Favorable Unfavorab! 

1-10% 4 11 23 16 9 

11-20% 4 9 6 2 0 

21-30% 6 11 5 1 0 

31-40% 1 3 3 0 0 

41-50% 7 5 1 0 0 

51-60% 3 2 0 0 0 

61-70% 3 1 0 0 0 

71-80% 6 0 0 0 0 

81-90% 4 0 0 0 0 

91-100% 8 8 0 0 0 

Table 2. Principals' perceptions of teacher response to the use use 
of computers in the classroom 
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Even though the school administrators did think that the majority co 

of their teachers would support the use of computer technology in their 78 

classrooms, when asked to indicate the percentage of teachers who prese. ad 

know how to use the computer for educational purposes, the principals f su 

that very few of their educators were presently competent in the use of in 

computer. (Question #17). Seventy-three percent of the school adminis 

stated that less then 10% of their faculty could use the computer effec 
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in the classroom. See table 3. 

Percent of computer Number of 
literate teachers schools 
per school 

0-10% 53 

11-20% 8 

21-30% 8 

31-40% 1 

41-50% 0 

51-60% 1 

61-70% 0 

71-80% 0 

81-90% 1 

91-100% 1 

Percent of total 
number of schools 

72.6 

11 

11 

1.4 

1.4 

1.4 

1.4 

Table 3. Percentage of teachers in each school who know how to use a 
computer for educational purposes. 

When questioned regarding the probable teacher interest in receiving 

instruction on the use of computers, the probable teacher interest level 

fell. (Question #18). Approximately a third of the principals believed 

that less than 30% of their faculty would wish to receive instruction in 

computers. Twenty-two and four tenths percent of the principals felt that 

78- 100% of the faculty at their schools would want to participate in 

additional instruction . The mode value on this question was 40-50%., 

suggesting that about half of the teachers at most schools would be interested 

in further instruction. 
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Percent of teachers Number of 
interested in schools 
further instruction 

0-10% 7 

11-20% 10 

21-30% 5 

31-40% 8 

41-50% 12 

51-60% 6 

. 1 

Percent of total 
number of schools 

10.4 
I 

14 .9 

7.5 

11.9 
I 

17.9 

9.0 
., 

61-70% 4 6.0 

71-80% 4 6.0 

81-90% 8 11.9 

91-100% 3 4.5 
I 

Table 4. Percentage of teachers in each school who would like to receive 
instruction in the use of computers. 

On question #21 of the survey, each administrator was asked to pred~ 

the usefulness of computer technology. They clearly thought that the pot 

effect of comput.ers in the classroom would be a positive force in educati 

Two thirds of the administrators rated the future effect of computers as 

favorable, one third felt the technology would be favorable, and none of 

respondents rated the computer as a negative factor. 

I 
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of total 
f schools 

4 

9 

5 

9 
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) 
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Response Number of Percent of total 
schools number of schools 

Very favorable 44 66% 

Favorable 22 33% 

Neutral 1 1% 

Unfavorable 0 

Very unfavorable 0 

Table 5. Administrators' perceptions of potential effect of computers 
in the classroom. 

The principals were asked to indicate the ways in which computers were 

being used in their schools. The rank order of responses is given in 

table 6. 

Use Number of schools 

Instruction 28 

Computer literacy 18 

Word processing 11 

Record keeping 8 

Data manipulation 5 

Testing 2 

Other 9 

Table 6. Rank order of computer usage in schools . 

Question #16 presented the principals with a list of eight items that 

could possibly affect their decision to purchase computer equipment in the 

future . Re spondent s were asked to place the items in rank order as to the 

relative importance each would have in affecting the de cision making process. 
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·' 
The most important factors affecting the decision to purchase were : 

A. Availability of funds 

B. Administrators belief that computers would improve education 

C. Student interest 

I. 

Thirty-eight of the principals rated availability of funds as the n~ 

one factor in deciding to purchase or not purchase computers. Forty-ni~ 

administrators rated their belief that computers could help students le~ 

first or second in importance. No respondent rated teacher belief in the 

computer's potential to help students learn as number one in importance, 

however, twenty- three principals rated this factor as second in importa~ 

Responses 

' 

Importance Student Teacher Teacher Administration Administration 
rating interest interest belief interest belief 

1 10 5 2 24 

2 16 2 23 2 25 

3 13 3 7 
I 

4 10 7 9 7 8 j 

5 3 14 14 5 

6 6 15 15 11 
c ' 

7 1 1 
I 

8 6 1 

9 1 2 7 1 1 I 

Table 7. Factors affecting the decision to purchase computers. 

\ 

The principals were asked to look into the future and predict the ~ 

bility of their schools purchasing one or more computers in the next fi~ 
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The findings were remark.able. Ninety five percent of the administrators 

expected to purchase more machines in the next five years. All of the 

school administrators whose school presently owned a computer expected .to 

purchase additional equipment in the next five years. 

Finally, data was collected to determine whether the size of a school 

district in which a school was located was a good predictor of the proba-

bility of the individual schools owning one or more computers. As may be 

seen in table 9, there was no difference of computer ownership among schools 

located in small, medium, or large school districts. Furthermore, table 9 

shows that a school's membership in a small, medium, or large school 

district does not affect the intention of principals to purchase computers 

in the future. 

Own 
Computers 

Do not 
Own 
Computers 

Total 

Small 

14 

12 

26 

Size District 

Medium Large· 

9 14 

13 14 

22 28 

Table 8. Size of school district vs computer ownership. 
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Size of School District 

Small Medium Large Tot~ 

Will 
Purchase 15 13 17 4) 

Will not 
Purchase 1 2 1 

~ 

Uncertain 10 7 10 

Total 26 22 28 7& 

Table 9. Size of school district vs probable future purchase of compute. 

CONCLUSIONS AND IMPLICATIONS 

One of the better known principles of diffusion and . adoption of inn 

tions is that, whenever possible, it is desirable to have upper level su 

within an organization or system. The results of this study suggest th 

group of important decision makers in our educational system (the 

strongly support the use of computers in formal education. These admini 

indicated that they believe that their subordinates, teachers and studem 

would be avid supporters of bringing computer .. technology .into the classr~ 

Perhaps more important is the fact that the principals themselves seem t 

developed a strong committment to the belief that computers will have a p 

effect on the education of student s in the elementary and higher grade le 

The data show that roughly 95% of these leaders plan to purchase their fi 

computer or additional computer s in the next five years. One hundred per 

of the principals at schools which presently have computers plan t o make 

purchases . This information suggests that educators have already develop 

a readiness to use this educational technology . There doesn't seem to be 
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difference between the views of educators in schools located in small, 

Tota· 
medium, and large size school systems. Most respondents indicated agreement 

as to the usefulness of the computer in education in the future. 

45 

4 

27 -
76 

computer 

n of inno· 

l evel sup 

gest that 

e princip 

e administ 

d students 

e classro 

s seem to 

have a po 

grade le\ 

their fir 

ndred perc 

to make f 

y develop 

eem to be 

111 



APPENDIX 
SURVEY TOOL 

11Z 

• 
I! 



I:' t VERSITY OF ARKANSAS . 

Dear Administrator: 

College of Education 

October 18 , 1982 

School Service Personnel 

LEARNING RESOURCES 

339 Graduate Education Building 

Fayetteville. Arkansas 7270 I 

(501) 575-5100 

This survey is being conducted to learn more about the use 
of computers in education in Arkansas schools. A random 
sample of schools has been selected and your institution 
is among them . Please take time to answer the questions. 
You will note that we are interested in the responses 
from schools which do not have computers as well as from 
those which do use this educational technology. Your in
put into this survey is invaluable and your responses will 
be held in confidenc~. 

The survey may be returned in the enclosed self-addressed , 
stamped envelope. Your effort is appreciated; a prompt 
reply would aid us greatly. 

Thanks again . 

Sincerely, 

David Carl, Ed. D. 
Assistant Professor 
Instructional Resources 

DC / sb 
Encl . 

11:1 
The Un1vers1ty of Arkansas •s an EQuat Opportunity Employer 



SURVEY 

COMPUTERS IN ARKANSAS EDUCATION 

4) How many teachers (FTE) are at your school? 
~------------~~ 

5) How many students attend your school? 
----------------~:__JI 

b) What grade levels are included in the school? ---
7) Name of person responding to tnis questionnaire: _____________ _. 

8) Title (eg. math teacher, principal, library media specialist) 

9) Does your school have a computer? 

YES \please continue answering the questionnaire) 

__ NO \please 8.kip to question 15) 

10) what type ot computer\s) aoes your school have'! 

Number of 
computers 

Brand of 
computer 

TRS - 80 

APPLE II 

PET 

ATARI 

I.B.M. 

OTHER 
(specify) 

Model 

_____ __. 

11) What date\s) \monthiyear) did your school purchase the macnine(s;? 

11.4 

What 
plott· 

l3) How 

14) Wh• 
pe· 
of 

15) 



What types of peripheral devices does your school have (eg. printer, 
plotter, modem, etc)? 

13) How is the computer used in your scnool? 

Instruction 

Record keeping ---
Teaching computer l iteracy ---
Testing ---
Uata manipulation (calculating machine) ---

--- word processing 

Other, please specify 
---------------------------~ 

14) What equipment problems have you experienced with your computer and 
peripherals? Do you believe that these problems affected the education 
of your students ? 

15) Are tnere plans to purchase one or more machines in tne next five years·~ 

YES NO UNCERTAIN --- --- ---

11~ 



16) .. 

17) 

18) 

Which of the following factors affect the decision to purchase or not 
computers for use in your school? 
(List the factors in order of importance f rom 1 to 9. Consider 
1 to be the most important factor and 9 to be the least important). 

8tudent int:erest ---
___ Teacher interest in using tne computer for keeping track of stuoe 

progress and records 

--- Teacher's belief that comput:ers will significantly help their st 
learn 

~-- Administration interest in using the computer for management purp 

--- Administrators' belief that computers will significantly help the 
s tudents learn 

--- Availability of funds 

Approximately how many teachers presently know how to use a computer for 
educationai purposesY 

0% to 10% 11% t o 20% 217. to 30~~ 317. t o 40% - --
51% to 60% 61% to 70% 71% to 80% 8li~ t o 90% 

How many teachers (including those who presently know how to use comput 
would like t 'o receive instruction on the use of tne computer in the cla 

0% to 10% 11% to 20% 21% to 30% 31% to 40% 
--51% to 60% 61% to 70% 71% to .80% 81% to 90% 

19) In your opinion how would students respond to the use of a computer 
classroom? 

percent of student:s 
(approx.) 

. ' . . 

Respon::;e 

. Very favorable 

.Favorable 

. Neutral 

. Unfavorable 

.Very unfavorable 

How ~ 

21) In 
the 

22) Wo 



not p 

) . 

stuae 

i r stud 

t purpo 

lp thei. 

ter for 

% 
% 

compute 
he clas 
% 
% 

~ r in 

20) 

21) 

How would the teachers respond to the use of computer in the classroom? 

Percent of teachers 
(Approx.) Response 

.Ver y favorable 

.Favorable 

.Neutral 

.Unfavorable 

.Very unfavorable 

In your· opinion, what is the potential effect of the use of computers in 
the classroom? 

very favorable 

favorable 

neutral (no effect) 

unfavorable 

_ __ very unfavorable 

22) Would you like a copy of the results of this study? 

YES --- NO 

. -~ 
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TITLE: Publications of the Profession: 
AVCR/ECTJ, AVI/II, JID 

AUTHORS: Patricia Dimond 
Michael Simonson 
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PUBLICATIONS OF THE PROFESSION: 

AVCR/ECTJ, AVI/II, JID 

by 

Patricia Dimond 
Graduate Teaching Assis~ant 

and 

Michael Simonson 
Professor 

Iowa State University 
College of Education 

.Ames, Iowa 

Most members consider the Association for Educational 
Communications and Technology to be a professional 
organization. The designation "professional" is taken for 
granted. Little thought is given by most to what is meant by 
the key term 11 professional 11

• 

A profession has at least six characateristics: 

a. an intellectual technique, 

b. an application of that technique to practical 
affairs, 

c . a period of long training necessary before 
entering into the profession, 

d. an association of members of the profession into a 
closely knit group with a HIGH QUALITY OF 
COMMUNICATION BETWEEN MEMBERS, 

e. a series of standards and a statement of ethics 
that is enforced, and 

f. an organized body of intellectual theory constantly 
expanding by research. 
(Finn, J. "Professionalizing the Audiovisual 

Field," AUDIO-VISUAL COMMUNICATION REVIEW, Vol. 1, 
No. 1, Winter 1953, pp 6-17.) 

It was obvious to Finn in 1953, and it is obvious today, that 
AECT is not truly "professional" . Rather, it is a quasi
professional organization of dedicated practitioners moving 
slowly towards real professionalism. 

One dynamic force influencing that advance is the 
communication program used by the Association to disseminate 
information of impact to the discipline. At the foundation 
of that communication system are the Associaton's periodical 
publications. The journals published by AECT are: 
INSTRUCTIONAL INNOVATOR, THE JOURNAL OF INSTRUCTIONAL 
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IJtVtLUl"MtNI' ana I Ht tUUl,AI lUNAL l,Ui'll'IUl'H l,/·\l lUI~::> Al'IU ltl,Hl'IULl:IY 
JOURNAL. It is through these three publications that the 
Association establishes a permanent record of what it 
considers to be currently significant issues, ideas and 
insights. These periodicals, more than any other Association 
activity, provide to all a visible and influential 
identification of purpose of . the Association. The 
professionalism of the Association will be demonstrated 
through the information printed on their pages. 

Recently, each of these journals experienced a change in 
edi tors. In order to help these individuals plan the future 
of their publications, and to provide Association members 
with a better understanding of these periodicals, a 
historical review was undertaken to describe some 
characteristics of each journal. Each issue of each 
publication was examined, and the information reported in 
Tables 1-3 was obtained. Additionally, information about 
each journal is provided below. 

INSTRUCTIONAL INNOVATOR (AUDIOVISUAL INSTRUCTION prior to 
1980) 

Editors: Floyde E. Brooker - 1956-57 

Anna Hyer - Iss. 10, 1957-1970 

Howard Hitchens, Jr. - 1971-1982 

Current Editor: Lyn Gubser 

II/AVI is the most widely distributed of the Association's 
three journals . While its purpose varies, it is the primary 
information dissemination tool of the organization. Feature 
articles are generally of the "position paper" type. They 
are usually short (2-5 pages), and on topics of current 
general interest to members of the Association and to users 
of technology. 

Three characteristics of II/AVI distinguish it from the other 
two AECT publications. First, each issue carries a large 
number of advertisements, from a high of approximately 
50/issue in 1969, to lows of 9/issue in 1956 and 13/issue in 
1977. Also, each issue carries announcements of significant 
events that might be of immediate interest to readers. Last, 
II/AVI carries a variety of special columns, sections and 
departments that deal with specific issues of interest to 
sub-groupings of readers. The "Learning Resources" 
supplements, "Division" columns and "Techniques" departments 
are notable examples. 

The most significant trend obvious from an examination of 
Table 1 is the steady climb in ·the size-. of the journal 
through the 1960s, and the decline during the 1970s. 1969 
seems to have been the peak year for AVI. In that year the 
average issue was 115 pages, had approximately 50 
advertisements , included 18 feature articles of four pages 
each, and published 63 photographs . In 1982, by comparison, 
the averaqe issue of II was 54 pages, had 11 advertisements, 
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included 5 feature articles of two pages each, and published 
13 photographs. While a weakened economy was partially 
responsible for this disturbing downward spiral in the size 
of II, other considerations, less easily identified, also 
contributed to . the weakened stature of this once proud 
journal . 

EDUCATIONAL COMMUNICATION AND TECHNOLOGY JOURNAL(ECTJ) 
(formerly AV COMMUNICATION REVIEW-AVCR) 

Editors: William Allen - 1953-1969 

Robert Heinich - 1970-1983 

Current Editor: William Winn 

Managing Editors: Anna Hyer - 1956-57 

Mary Hedquist - 1958 

Mickey Bloodworth - 1959 

Alice Finstad - 1960-61 

Katherine Rogers - 1962-63 

Janet Leban - 1964-65 

Olger Zabludoff - 1966-68 

Vita Pariente - 1969-81 

The oldest of the Association's three periodicals, ECTJ 
publishes papers on theory, development and research related 

·to technological processes in education. Generally, ECTJ is 
considered a research and theory journal. Feature articles 
typically contain descriptions of scientific experimentation 
complete with hypotheses, statistical tables and levels of 
significance. 

ECTJ has experienced a rise and fall somewhat similar to that 
experienced by II. During the 1950s, an issue of AVCR was 
approximately 75 pages long and contained five feature 
articles, each of about 12 pages. During the 1960s and early 
1970s, an average issue of AVCR was approximately 125 pages. 
During this period of plenty, each issue typically contained 
6 or 7 research or theory papers of approximately fifteen 
pages in length. During the last decade, AVCR (ECTJ since 
1978) declined in size to approximately 100 pages per issue( 
and more recently 70 pages). In the most recent three years 
of ECTJ an average journal contained four or five feature 
articles of approximately 14 pages in length. 

JOURNAL OF INSTRUCTIONAL DEVELOPMENT (JID) 

Editors : Kenneth Silber, Chair of Editorial Board 
and Robert Heinich, Consulting Editor 
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Kenneth Silber - 1978-82 

Kent Gustafson, Guest Editor - 1982 

current Editor: Norman Higgins - 1983-

The JOURNAL FOR INSTRUCTIONAL DEVELOPMENT was originally 
begun by _ th~ Division for Instructional Development(DID) of 
AECT. This journal was proposed because many AECT members 
believed that the instructional development process was a 
viable and growing technique influencing the improvement of 
education and training at all levels and in all settings. 
The purpose of JID was, and is, to contribute to the analysis 
and improvement of instructional development in the form of 
quality, professionally-oriented articles, and to stimulate 
corrrnunication between theoretically and practically oriented 
instructional developers. 

The Journal carries articles related to instructional 
development within the following parameters: 

1. theories, models and conceptual 
instructional development; 

framework of 

2. techniques for designing and evaluating instructional 
systems; 

3. reports on evaluations of instructional development 
projects; 

4. case studies of instructional development projects. 

The focus of JID is on: 

1. the performance of the instructional development process; 

2. the management . or implementation of the instructional 
development process; 

3. the teaching of the instructional development process. 

Since JID is a relatively new publication there are few 
trends obvious from an analysis of Table 3. Generally, a 
typical issue of JID has had forty pages, with four or five 
feature articles. Advertising has appeared periodically, but 
not routinely, and photographs have been rarely inc l uded. 

SUMMARY: 

Communication for professional development might be a phrase 
used to describe the purpose of AECT's three periodical 
publications. In the last three decades these three journals 
have published over 3450 feature articles written by 4208 
authors (3424 men and 784 women). Certainly, these statistics 
indicate a dramatic influence on the professional growth of 
AECT. 
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Any analysis of these three periodicals, even a brief one 
such as this paper, would be incomplete if it did not call 
attention to the drastic decline in the apparent impact of 
two of these journals during the last ten years. Certainly, 
this problem is one of the most critical for the Association 
to address. Possibly, the three new editors of these 
publications will reverse this unfortunate trend. The 
professionalization of Educational Communications and 
Technology is directly related to the success of these 
journals, and while size indicators are definitely not the 
most significant available, they do provide considerable 
cause for concern. 
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A SIGNAL DETECTION ANALYSIS OF DIGITIZED AND PHOTOGRAPHIC IMAGE M 

ANO COLOR REALISM IN A PICTORIAL RECOGNITION MEMORY TASK 

ABSTRACT 

In this study, signal detection theory analysis is used to investigate the rt 

effectiveness of digital versus photographic images in a pictorial recognition 01 

task. 

Digital images are the result of advances in computer graphics and digital 1 

processing and may facilitate the recognition of images by human subjects. 

ability to manipulate the pseudocolor in the digital image can result in forms 

arrays which can be more easily distinguished from one another, thereby incre 

the probability of a particular image being recognized. 

Subjects consisted of 96 college students. A 2x2 balanced factorial design 

employed to test eight hypotheses. The four groups are: (1) Digitized black and 

(DBW), (2) Digitized Pseudocolor (OPC), (3) Photographic black and white (PBW), 

(4) Photographic Realistic Color (PRC). The original pictorial materials in the s 

were selected from the pictorial materials developed by Berry (1977). Those pie 

materials ( 140 35mm in B&W and in Color ) were manipulated photographicall~ 

by the image processing system (PRL) to produce the four treatments. 

A two-way anova and one-way anova followed by Tukey-B multiple compa 

test were conducted on three of the signal detection theory parameters, d ', A' and 

to test the study hypotheses and the differences among the experimental grou 

significance level ex= .05. 

130 

( 

and 

herE 

1ma 

B&\ 

tee 

chi 

be 

to 

pi 

w 

p: 

ti 

(1 



AGE MO 
-ASK 

e the ret 

l ition rne 

digital fr:! 

ubjects. 

in forms 

:t i design 

ack and 

te (PBW), 

in the s 

hose p1ct 

·aphically 

e compari 

d', A ' and 

ital groups 

2 

Introduction 

Computer graphics and digital image processing are providing a relatively new 

and rapidly growing type of pictures known as the digital images and will be termed 

here as digital imagery mode a~ opposed to the photographic imagery mode. Digital 

images are numerical representations of different types of pictorial methods, including 

B&W photographic pictures, by using different types of sampling and quantization 

techniques of gray levels. Computers can manipulate the psycho-physical 

characteristics of pictures by processing their digital forms. As a result, pictures gain 

better contrast and better quality. Pseudo-color can be added to pictures according 

to the gray level of their elements which are called pixels. The use of color in digital 

pictures with suitable choices of shade, degree of brightness and level of saturatio .. n 

will increase the amount of information that can be conveyed . This is based on the 

psychological fact that the human visual and perceptual system can easily discern 

thousands of shades and intensities of color but only 20 to 30 shades of gray 

(Gonzalez, 1977). Psycologically, in view of the cue-summation theory (Severin, 1967) 

in learning, color adds more cues that aid the learner in processing and recognition 

of pictorial information. There are some speculations and theoretical views that claim . 
that digital images with enhancement taking place become more suitable for human 

processing and recognition (Moil<, 1980). Digital images are characterized by being 

discrete in their gray level. The display of digital images at some magnification 

power makes the picture elements(pixels) start to be visible. The quality of digita l 

images depends on the display subsystem of the digital image processing system and 

the method used in making hard copies such as slides or prints. Slide-making and 

print-making equipments are started to be part s in the image processing systems, 
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but they are not availabl P. in most rn search laboratories of image proc:ell 

Photographing the screen of tl1e display subsystem of tile image processing s\I 

is considered a true way of obtaining the picture resolution and grey level 

1982). This method is largely used to make hard-copies of the digital images 

the other hand, the conventional photographic · mode provides a more rea 

representation of the real situations such as realistic color. This color real is 

view of realism theories (Dwyer. 1967), is claimed to be more effective 

processing and recognition . The relative effectiveness of both the imagery mo 

digital and photographic, in designing effective visual communication, iconic del 

and representation of information, and visual learning can not be predicted wit 

systematic research. Realism theories as well as the cue - summation 

easily be applied to predict the effectiveness of the two imagery 

because studies have revealed some inconsistencies (Berry, 1982). Extensive stu 

are needed to investigate the effectiveness of the two imagery modes, digital 

photographic modes and the type of color in pictorial recognition memory task. 

Rational of The Study 

Digital images are considered a potential source of visuals for visual learning 

computer assisted instruction (CAI). Research is needed to examine the effectiven 

of the digital image attributes in the design of effective visual learning 

instruction. Pseudo-color and enhancement are two attributes of the digital ima 

that need to be studied to discover their effect and function in vi sual learning 

recognition . 

The function of pseudo-color in picture processing is to increase 
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viewing of the grav scale of the oriqinal irna9e (Andrews. 1974\. Tile study of the 

effectiveness of image en tiancernent needs to be ca rried on in an objective way. 

Andrews ( 1979) has pointed out the difficulty found in the evaluation of optimum 

color mapping in the pseudocolor because of the subjectivity of both enhancement 

and color viewing. Hall (1979) has pointed out that the quality improvement in image 

enhancement is not objectively defined. One way to find solutions to such problems 

is to conduct controlled experiments to study the effectiveness of different digital 

image enhancements in visual learning tasks such as pictorial recognition memory. 

Lipkin and Rosenfeld (1970) in their book, Image Processing and Psychopictorics, have 

stated that: 

.,. The art of picture processing by computer has reached the point where 
on-line, real-time manipulation of images is now possible, this making it 
feasible to conduct controlled experiments of the perception of natural 
pictures ... (p. vii) 

This experimental approach to study the effectiveness of image processing and 

enhancement on the human viewer's perception, understanding, and recognition 

defines the human link in the image processing system (Hall, 1979). Such a link 

between the individual and the digitized image in comparison with the photographic 

image and color realism should be subjected to extensive studies. 

The presence of color in visual learning and memory is one of the major issues in 

the design of media for learning and instruction. Studies which have been carried 

out on color and pictorial memory have resulted in a set of contradictory findings. 

Myatt (1974) carried out a study on pictorial attributes and pictorial recognition 

memory . In that study, Myatt (1974) found that color didn't appear to be a 

significant factor in pictorial recognition memory in any of the three experimental 
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groups. Mvatt found alsn tflal color didn't apnear to be a siqnificant fr1 

recognition memory at any leve l o f the three levels of pictorial information 

medium, and high. Studies (Berry, 197 4: Dwyer, 1971} concluded that cot 

significant dimension in the design of instruction. The same conclus1o 

supported by later studies. Color was found to increase or to improve p 

recognition memory more than black and white presentations (Berry, 

Wieckowski, 1979: Chute, 1980: Lertchalolarn, 1981 }. In a review of color a 

learner, research shows that learners do prefer color in media presentations 1 

1981 }. Studies that investigated the color realism showed that there 

significant difference between the realistic and the non-realistic color m J>! 

recognition memory (Berry, 1977: Lertchalolarn, 1981 }. 

The Signal Detection Theory (SOT} and Pictorial Recognition Memory 

Research methods in recognition memory are more standardized than meth 

data analysis used by researchers. The recent appl ications of the SOT mo 

human perception, detection, attention, vigilance, inspection, and recognition s 

have made researchers like Murdo~k (1982), Berry ( 1982), and Swets and 

(1982) argue against the use of other approaches applied by researchers in mea 

the recognition memory as being inadequate. In typical old-new recognition m 

experiments and elsewhere, researchers have used different measures of accur 

the discrimination between old and new items such as: the conditional probab1 

old items, the conditional probability of the old items paired with the cond 

probability of correct rejection, the overall probability of correct responses. 

posterio ri of old items, and the ratio of the a posteriori probability of old items 
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a posteriori Swets and Pickett (1982) have warned against the use of those becnuse 

they do not take into account tile decision criterion . Murdock (1982) says that 

decision factors certainly affect performance on many tests of recognition memory 

and this may lead to erroneous conclusions on the part of the experimenter. 

Murdock (1982) and Berry (1982) agree that using signal-detection analysis in 

recognition memory provides the statistic d ' (d-prirne) that characterizes the overall 

accuracy that combines both old items and new items. The d ' index used in Signal 

Detection Theory (SOT) has been described in various publications and research 

articles (Green, 1966: Swets, 1964: Bourbon, 1978: Swets, 1982: Berry, 1982). The 

accuracy and the application of d' in pictorial recognition memory have been 

demonstrated by Berry {1982) . The SOT index d' has been supported, preferred, and 

justified as an adequate measure of recognition memory for its depth and accuracy 

(Murdock. 1982: Berry, 1982,• Banks. 1970: Lockhart & Murdock, 1970: Murdock, 1964). 

The SOT index d' assumes that the observer establishes normal equi-variance 

distributions of the memory trace strength of the old items (0) (Signal + Noise) and 

the new items ( N ) (Noise) (Murdock, 1974). Moreover. d' is indetermined when 

either the hit rate is one or the false alarm rate is zero (Berch, 1975). The violations 

of that distributional assumption result in erroneous conclusions concerning d', 

meaninglessness of d', and a significant correlation between d' and the criterion 8 

(Beta). Long and Wagg (1981) have found from empirical data in situations like 

vigilance, visual search, and auditory recognition that the violation of the 

distributional assumption has resulted in an inadequacy of d'. Researchers like 

Norman {1964), Pollack and Norman (1964). Hodos (1970), Richardson (1972), Berch 

( 1975), Craig ( 1979), and Long and Wagg ( 1981) have started to consider non-

13!1 



parametric measures for detection and recognition. The area under the R 

Operating Characteristic graph (ROC-Curve) provides two other parameters 

AG. A' and AG are distribution- free measures of response sensitivity 

used in detection and recognition. The index A' has been described and dev 

by Norman (1964) and Pollack and Norman (1964). The computational formula 

was developed by Grier ( 1971) and was used in research by Craig ( 1979) in v1~ 

and by Berch ( 1975) in recognition memory. The measure AG is another meas 

the area under the SOT ROC curve. It has been described by Green and Swets' 

and used by Craig ( 1979). Since, in old-new recognition memory experiment 

distributional assumption of d' can not be verified, the author will use 

distribution- free measures of recognition memory (A' and Ao} besides the 

parameter of detectability (d'). 

The Problem of The Study 

The present study was designed to investigate the interactive effects of 

image and photographic image modes and color realism on a pictorial reco 

memory task. The Signal Detection Theory (SOT) was used to model the rec 

memory task. Three indexes from the SOT were used to analyze the Pl 

recognition data: the d-prime (d'}, A-prime (A'}, and A(J. The problem was defi 

the following research questions: 

1. Is there a significant interaction between color modes ( B/W and color 
presentation} and the imagery modes ( digital and photographic images) 1n 
a pictorial recognition memory task? 

2. Is there a significant main effect of color presentation (B/W and colo1 

modes} in a pictorial recognition memory task? 
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3. Is there a significant main effect of imagery modes (digital and 
photographic image modes) in a pictorial recognition memory task? 

4. Is there a significant difference between the means of the four treatments, 
digitized B&W, photographic B&W, digitized pseudocolor and 
photographic realistic color, in a pictorial recognition memory task? 

5. Is there a significant difference between the realistic color in photographic 
images and the pseudocolor in digitized images in a pictorial recognition 
memory task? 

6. Is there a significant difference between dig it ized B&W images and 
photographic B&W images in a pictorial recognition memory task? 

7. Is there a significant difference between digitized pseudocolor images and 
digitized B&W images in a pictorial recognition memory task? 

8. Is there a significant difference between photographic realistic color and 
photographic B&W images in a pictorial recognition memory task? 

The significance of The Study 

8 

There are three major contributions of this study in three aspects: practical, 

theoretical and methodological. 

1. In the practical aspect, this study will provide contributions to: 

A. The discovery of the effective use of digital images in designing 
Computer Assisted Instruction (CAI) and visual learning. 

B. The discovery of the effectiveness of both image enhancement and 
pseudo-color addition in pictorial recognition memory. 

C. The discovery of the relative effectiveness of the realistic color and 
the pseudo-color in pictorial recognition memory. 

D. The discovery of the effects of the manipulation of some physical 
characteristic memory. 

2. In the theoretical aspect, this study is an investigation of the contention 
of realism theories versus cue-summation theory in the prediction and 
interpretation of visual learning as applied to different imagery modes. 
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3. In the methodoloqic:al aspect. this study is using the Signal Detection 
Theory in the analysis of the recognition data. Two new parameters frorn 
the ROC curve in SDT (A' and AG) were used in the analysis besides the 

use of the d' (the index of SOT detectability). 

Methodologies and Procedures 

The Subjects 

The subject of this study were university students: graduates and undergradu 

Students signed-on for participation. Sign-on scheets were made ava1lab 

students in most of the University of Pittsburgh libararies, classes, reserve 

rooms and bulletin boards. From a total of 120 subjects participating in the stu 

completed the experiment according to the instructions. 

Subjects were randomly assigned to the four experimental groups of the 

factorial design. Data were collected on the subject's age, major of study, study 

and sex. The Subjects' ages were in the range 17 to 57, the average was 27.7 

the median was 24 years and one subject did not report his/ her age. Subjects 

majoring in 48 different areas of study. Fourty five of the subjects were ma 

were females and six students didn 't report their sex. Fifty four of the subjects 

undergraduates, 32 were graduates and 1 O did not report their study level 

descriptive data show that subjects were varied in their age, major of study, le 

study and sex. Subjects were evenly distributed between the four experi 

groups: Group 1.1 , Group 1.2, Group 2.2 and Group 2.2. 
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The Studv Variables and Design 

In this study, there were two independent discrete variables (factors) and one 

Pictorial recognition memory was the dependent variable which has been measured 

by the use of the signal detection analysis . The following are the va riable 

classification and their codes as used in data processing and analyses: 

1. The color modes of the images: B&W mode and the color presentation 
mode. Color modes (Color) was used as one of the two factors in this 
study. 

2. The imagery modes of the pictures: digital imagery mode and 
photographic Imagery modes (lmmode) was the second factor of the 
study design. 

3. The recognition memory, the dependent variable, as measured by the 
signal detection parameters in two types of analyses: Yes-No signal 
detection parameters. The Yes-No signal detection parameters used to 
measure recognition memory were: d', A' and AG(area under ROC 
measure described by Green and Swets (1966)). 

To investigate the research questions of this study, a 2X2 balanced factorial 

experimental design was used. This design is illustrated in Figure 1. 

Figure 1 shows that Group 1.1 performed the pictorial recognition task using the 

digitized B&W pictures(DBW), Group 1.2 performed the pictorial recognition task using 

the digitized pseudocolor pictures(DPC), Group 2.1 performed the pictorial recognition 

task using the photographic B&W pictures(PBW) and Group 2.2 performed the pictorial 

recognition task using the photographic realistic co lor pictures(PRC). 
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Figure 1: The 2x2 Experimental Design of The Study 

Study Materials 

A sample of 140 2x2 slides drawn from a large pool of 700 slides develo 

Berry ( 1977) and used in research by Berry ( 1977) and other researchers (Wiec 

. 1980; Lertchalolarn, 1981; Berry, 1982), was the original 35mm pictorial stimuli 

140 were ~n both B&W and realistic color versions. These 140 slides 

randomized and randomly divided by a computer program using the random-n 

generator function between the old set (0) and the new set (N) (distractors 

order of this randomization and the assignment were used to constr 

recognition test of the pictorial recognition memory task. The random 

resulted in 66 slides to the old andJ.lj.Olides to the new set. 
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The square image formctt is the most common form:H in diqital imaqe oro r. essinq 

( 512x512 pixels). This format is the one that is also supported by the Pattern 

Recognition Laboratory System (PRL) in the Department of Electrical Engineering at 

the University of Pittsburgh. A simplefied functional diagram based on Sze (1982) is 

shown in Figure 2. 

The image input subsystem, particularly the Optronic C-400, was interfaced to 

digitize the central square portion of the 35mm B&W negatives which was about 

24x24mm. So, the original had to be trimmed to produce the photographic 

treatments to match the digital image contents. An Optical Slide Duplicator was used 

in producing the photographic B&W (PBW) and the photographic realistic color (PRC) 

from the original 35mm. The above copying system was copying only the cent~al 

portion of each 35mm slide (24x24mm) by masking the rest of the· slide scene. 

The production of t he digit ized treatments was done by first digitizing the 140 

35mm negatives of the original B&W version using the high precision Optronic C-400 

image input subsystem. The 140 pictures were d igitized, satisfactorily matching their 

counterparts in the photographic treatments. 

Three different digital images were selected randomly and enhanced utilizing the 

PRL image processing routines by two different pixel-by-pixel image contrast 

correct ions (Todhunter, 1978). The same digital images were pseudo-colored by fou r 

different pseudo-color tables. Twenty one slides were photographed from the 

RAMTEK display subsystem of the PRL where phot ographing the RAMTEK display is 

considered the best way to get a hard- copy of t he digital image (Sze, 1982) . These 

21 slides were as follows: 
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Figure 2: Tim PRl F;wililY A Functional Block Diaqram 
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1. Three original digitized B&W images (no enhancement done), · 

2. Three digitized B&W images enhanced by method one of the two 
metho9s, 
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3. Three diqitizeci B&W 111H1crns P.11h;inc8d llv tlrn other method. 

·4. Three digitized pseudo-colored images by pseudo-color table-1 . 

5. Three digitized pseudo-color images by pseudo-color table-2. 

6. Three digitized pseudo-color images by pseudo-color table - 3. and 

7. Three dig itized pseudo-colored images by pseudo-color table-4. 

Those 21 slides were randomized and displayed to a total of 30 judges from the 

same population (university students) using a seven point judgment scale. The seven 

points were: Extremely Poor. Very Poor, Poor, Fair, Good, Very Good, and Extremely 

Good to each picture of the 21 pictures. 

• 
The judgment data were analyzed by using One-Way Analysis of Variance with 

Repeated Measures (treatments) followed up by Tukey-B multiple comparison test. 

The judgments tor the digitized B&W versions were significant (F""3.28; dt=2,58; P= 

0.044). The digitized B&W (no enhancement) was found to be judged significantly 

higher than one of the two other m ethods and just higher than the other. So, the 

digitized B&W (DBW) treatment was produced by photographing the original digitized 

B&W images. 

The judgments for the pseudo- color versions (four methods) were not 

significantly different (F=2.60; df"'3,87; P•0.06). The pseudo- color method that was 

judged to be the highest was used in the production of the digitized pseudo-color 

(DPC) treatment. 
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ThP. Prornrlures of The Exoerirnentrition 

1. Instructions about the tcisk sequence and the subject role anu 
performance were read and explained by the investigator. All means were 
used to make those instructions fully understood ~Y subjects individuanv 
or in groups. 

2. Subjects were assigned randomly to the four experimental treatments 
prior to coming to the experimentation session. Subjects ass igned to the 
color treatments were not to be color blind. If color blindness was 
detected, the subject would have to be excluded from the analysis None 
was exclude.d from the analysis because of color blindness. 

3. The old set (66 slides) was projected at the rate of 500ms (half a second 
using the computer based projection system described in the stud~ 

instrumentation. 

4 . Subjets were given a five minute break before proceeding to take the 
pictorial recognition memory test (T). 

5. The pictorial recognition memory test (T) was projected at the rate of 10 
seconds to each slide using . the computer based projection system 
described in the instrumentation section. Subjects were required to 
respond to each picture in the test using an answer form that was 
combining both the Yes-No method and the Confidence Rating method 
The number of each slide in the pictorial recognition memory test (T) was 
projected in a window at the lower right corner of the picture to guide 
subjects to mark the answer to the correct number. 

The Study Instrumentation and Environment 

The administration of the pictorial recognition memory task was done indiv1 

and in small groups in a classroom-like situation. The projection was from th 

screen. It was an interactive computer based projection system. The s 

components were: 

1. Two Kodak Ektagraphic Ill AF slide projectors (labeled PR# 1 and PR#2), 

2. 

3. 
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the I 
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2. OnA Cornrnorfore SuoerPET. SP9000 Microcorno11ter with 96 Kb RAM and 
dual processors : the 6502 processor {same as the Commodore CBM 8032 
microcomputer) and ·the 6809 processor with Waterloo Micro Software ( 
MicroBASIC, MicroFortram, MicroPASCAL Mic:roAPL. MicroCOBOL, 6809 
Assembler. Linker-Loader, Monitor and MicroEDITOR). One CBM 8050 dual 
drive floppy disk of approximately 1 MB of storage. 

3. One Projector Interface was developed and assembled by the investigator 
to be used in Pictorial Recognition Memory Research. The Projector 
Interface is connected to the IEEE-488 Parallel User Port of the SuperPET 
on the 6502 processor mode via an assembled cable. The Projector 
Interface was connected to the two slide projectors: PR# 1 and PR#2. The 
Projector Interface was driven by the "CONTROL PROGRAM" written in 
Commodore BASIC 4.0. The execution of the CONTROL PROGRAM was 
controlled by the Real-Time Clock in the computer system. 

16 

The projector PR#2 was equipped with the super-wide projection lens and was 

used to project the pictures of the old set (0) and the pictorial recognition memory 

test (T) on the screen while the projector PR# 1 was projecting the picture number on 

the window in the pictorial recognition memory test (T) . The program "CONTROL 

PROGRAM" was driving the two projectors according to the pictorial recognition 

memory task specifications in the program. This program was also printing on the 

SuperPET CRT the slide number currently on the screen. The user had to load and 

change the carousels on the projectors as the task progressed. 

The total projection time for the old set (0). 66 slides, was one minute, 29 

seconds and 149 milliseconds. The projection time for the pictorial recognition 

memory test Part# 1 (slides: 1-70) was 12 minutes. 48 seconds and 883 milliseconds 

.The projection time for the pictorial recogn ition memory test Part#2 (slides: 71 - 140) 

was 12 minutes, 48 seconds and 883 milliseconds which was the same as Part# 1. 

The subjects were given a five minute break after the presentation of the old set (0) 

before the beginning of the pictorial recognition memory test (T) . The total time of 

the experiment was 32 minutes, 48 sec:f~ and 915 milliseconds. 



The Computational Procedures of The SOT Parameters of Recoqn ition 

The c:omputational procedures of Yes-No signal detection parameters t 

pictorial recognition memory • d', A~ AG, were done from the 2x2 signal det 

matrix ( sometimes called the 2x2 stimulus-recognition matrix). The construction and 

based on the analogy between t.he detection and recognition processes. The o. 

(0) is viewed as (Signals + Noise) and the new set (N) ,the distractors , is view anc 

(Noise Only) as in the signal detection terminology. Figure 3 shows the 

SOT /Stimulus-Recognition matrix that summarizes the SOT approach to the pie 

recognition memory processes. 

SUBJECT'S RESPONSE 

YES NO an 
(o) (n) Row total 

l I wl 
I 

s OLDI F{o,O) F(n,O) I Signals 
T (OJI P(o!O) P(n!O) I + 

P(O)I Hit Rate Miss Rate I Noise 
M I P(o,0) P(n.O) I 0 
u I I. 
L I I 
u NEWI F(o.N) F(n,N) 
s (N)j P(ojN) P(njN) Noise 

P(Nll F.A.Rate C.R.Rate 

I P(o,N) P(n,N) N 

I 
I 

(O+N) 

Figure 3: The 2x2 SOT /Stimulus- Recognition Matrix 

The above mentioned SOT measures of pictorial recognition memory were com 

by the following formulae: 
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where 

were comP 

d' = z[P(ojO)] - z[P(ojN)J 

A'=.5+ {[(P(ojO) - P(ojN))( 1+P(oj0) - P(ojN})]: [4P(olO)(1 - P(o jN))]} 

AG = {P(ojO) + [1 - P(olN)]}/2 

This estimator of the area under ROC was described 
by Green and Swets (1966) and its formula was found in 
Craig (1979). 

P(o.O) = F(o.0)/(0+N) 

P(o!O) = P(o,0)/P(O)= F(o.0)/0 

F(1' "') . is the frequency in the designated cell of the matrix . 

is the joint probability of that cell. 

0 is the number of the old set (0). 

N is the number of the new set (N). 

(O+N) is the total nu.mber of valid responses. 

z[P(ojN)] is the z-score of the probability of 

the occurrence of the response old (o) 

when the stimulus is (N), False Ala rm, 

z[P(ojO)] is the z-score of the probability of 

147 

18 



the occurrence of llie resnonse old (o ) 

when the st imulus is (0), Hit. 

P(O) is the a priori probability of .old set in the test (T) 

P(N) is the a priori probability of new set in the test (T) 

A computer program "SIGNAL.FOR" was written by ':he investigator in 

language tor the DEC 10/20 computers to calculate the above signal det 

measures for pictorial recognition memory based ·on the Yes-No analysis 

program calculates the signal detection parameters from reading the sub1ect 

recognition data based upon the data descriptions in the file "SIGNAL.DOF' 

program outputs a hardcopy of the signal detection analysis report for every s· 

and a disk file "SIGNAL.OUT" to be used in the further statistical analyses 

major statistical packages (SPSS. BMDP, etc.). 

The Statistical Hypotheses 

To investigate the research questions of the study, the SOT parameters 

computed to each subject in the study. The three signal detection measures, 

and AG, of the pictorial recognition memory were computed. The following 

statistical hypotheses were tested. µ (Mue) is the population mean in the des19 

experimental condition. 

1. The interaction effect of color modes and imagery modes is not 
statistically significant. 

2. µ(Color) = µ(B&W), i.e., the main effect of color is not statisticallV 
significant. 
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effect of imagery modes is not statistically significant. 

4. µ 1=µ2=).l3=µ4. i.e .. there is no significant difference between the means 
among the four treatments. 

5. µ(Photographic Color) = µ(Pseudocolor), i.e., the difference between the 
means of photographic color (realistic) and pseudocolor is not statistically 
significant. 

6. \l(Digitized B&W ) = µ(photographic B&W ). i.e .. the difference between the 
means of B/W photographic and digitized B&W is not statistically 
significant. 

7. µ(digitized B&W ) = µ( Pseudocolor Digitized), i.e., the difference between 
the means of digitized B&W and pseudocolor digitized is not statistically 
significant. 

8. µ(photographic B&W) = µ(Color Photographic ), i.e., the difference between 
the means of B/W photographic and color photographic is not statistically 
significant. 

20 

TWO-WAY ANOVA, TWO-WAY ANOVA (Repeated Measures) and ONE-WAY ANOVA 

followed- up by the Tukey- B will be used to test the above statistical hypotheses. 

The level of significance that will be used to reject or retain any null hypothesis will 

be at ( 0.05 ). The Statistical Package of The Social Sciences (SPSS) and/or the 

Biomedical Computer Programs P-Series (BMDP) will be used in the statistical 

analysis. 
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Findin~s and Results 

The four experimental groups/treatments were denoted as: Digitized B& 

.1 ), Digitized Pseudo-color (Group 1.2), Photographic B&W (Group 

Photographic Realistic color (Group 2.2). Table 1 shows the descriptive stat 

the recognition memory measures for the four experimental groups . 

• v 

v 
Table 1: Means and Standard Deviations of the SOT Measures By 

the Four Experimental Groups v 

e 

The Measure Group 1.1 Group 1.2 Group 2.1 Grou~ 

SOT Detectability, d' 

Mean 0.3314 0.2479 0.4120 0.50 

SD 0.1079 o'.1634 0.1839 

Area Under ROC, A' 

Mean 0.6153 0.5868 0.6371 

·SD 0.0330 0.0528 0.0520 

Area Under ROC, A0 

Mean 0.5644 0.5481 0.5788 

SD 0.0207· 0.0315 0.0351 

1!:>0 



I 

ti gitized B&w 

f..J (Group 2 

;criptive stall• 

IS. 

• 

:tasures By 

.1 Group 

I 

0.507! 

0.2697 

0.659j 

0.0731 

0.5968 

0.051· 

• 
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Testinq Tl1e Statist ical Hvpotheses 

The testing of the statistical hypotheses was carried over the three pictorial 

recognition memory measures. The statistical analys is was consisted of two 

statistical procedures: two- way analysis of variance and one-way analysis of 

variance. The first three hypotheses were tested at once by the two-way analysis of 

variance and the last five hypotheses were tested at once by the one-way analysis of 

variance followed-up by the multiple comparisons test of Tukey- B. The four 

experimental groups were of the same size (24). The F-Test is robust against the 

violation of the homogeneity of variance when the experimental groups are equal in 

size (Huck, 197 4. Maisel, 1972). 

Testing Hypothesis 1, 2 and 3 

Table 2 shows the summary of the Two-Way ANOVA for d', A '. and AG as 

measures of pictorial recognition memory. 

The results of testing hypotheses were as the following : 

1. Hypothesis No.1 was rejected (d' F=5.283, df=l,92, P=0.024; A' F=5.244, 
df= 1,92, P=0.024; Ao F= 5.329, df= 1,92, P=0.023). This· means that the 
interaction of color mode and the imagery mode is significant at a=.05. 

2. Hypothesis No.2 was retained (d' f:;0.022, df=l,92, P=0.882; A' F=0.071, 

df=l,92, P=0.791 ; Aa F=0.013, df=l,92, P=0.91). This means that the main 
effect of color is not significant at a:;.05 . 

3. Hypothesis No.3 was rejected (d' F=19.125, df=1 ,92, ·p=0.000; A' F:;17.995, 
df= 1.92, P=0.000; AG F= 18.003, df= 1,92, P=0.000). Th is means that the main 
effect of imagery mode is significant at a=.05. 
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Table 2: TWO-WAY Arrnl vs is of Varia nce S11rnmarv For The SOT DetectaH, 
Measure : d', tile area under ROC : A' and AG 

Source SS OF MS F 

The Measure d': 

Main Effects: 
lMMODE(I) 0.693 1. 0.693 19.125 o.ooo 
COLOR(C) 0.001 0.001 0.022 0.882 

lnteraction(lxC) 0.191 1 0.191 5.283 0.024 
Residual 3.332 92 0.036 
Total 4.217 95 0.044 

The Measure A': 

Main Effects: 
IMMODE(I} 0.054 0.054 17.995 O.OOG 
COLOR(C} 0.000 1 0.000 0.071 0.791 

lnteraction(lxC} 0.016 1 0.016 5.244 0.024 
Residual 0.274 92 0.003 
Total 0.344 95 0.004 

The Measure AG: 

Main Effects: 
IMMODE(I) 0.024 0.024 18.003 0.000 
COLOR(C) 0.000 0.000 0.013 0.910 

lnteraction(lxC) 0.007 1 0.007 5.329 0.023 
Residual 0.122 92 0.001 
Total 0.152 95 0.002 
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o.ooo 
0.882 
0.024 

0.000 
0.791 

0.024 

0.000 
0.910 
0.023 
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Testinq Hvpolhesis 4. 5 o 7 anct 8 

Tables 3 and 4 show the One-Way ANOVA summary and the Tukey - 8 multiple 

comparison test for d', A' and AG. The results of the tests of the stat istical 

hypothesis 4, 5, 6, 7 and 8 are as the following : 

1. Hypothesis No.4 was rejected (d' F=8.143, df=3,92, P=0.0001 ; A' F=7.770, 

df=3,92, P=0.0001; AG F=7.781, df=3,92, P=0.0001). This means that the 
differences among the means of the four treatment groups are 
statistically significant at a=.05. 

2. Hypothesis No.5 was rejected . The two treatment groups do not fall in 
one homogeneous subset at a=.05, see Table 4. This means that there is 
a significant difference between the photo rea listic color and the digital 

pseudo-color. 

3. Hypothesis No.6 was retained. The two treatment groups fall in one 
homogeneous subset at a=.05, see Table 4. This means that there is no 

significant difference between digitized B&W and the photographic B&W 

treatments. 

4. Hypothesis No.7 was retained. The two treatment groups fall in one 

homogeneous subset at a=.05, see Table 4. This means that there is no 

significant difference between the digitized B&W and the digitized 

pseudo-color treatments. 

5. Hypothesis No.8 was retained . The two t reatments fall in one 

homogeneous subset at a=.05, see Table 4. This means· that there is no 

significant difference between the photographic B&W · and the photo 

realistic color treatments. 
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Table 3: ONE-WAY Arrnlvsis of Variance Surnrnarv For The SOT detectabilitv 

d '. the area under the ROC A' and AG 

Source SS OF MS F Prob 

The Measure d': 

Between Groups 0.8848 3 0.2949 8.143 0.0001 

Within Groups 3.3323 92 0.0362 

Total 4.2171 95 

The Measure A': 

Between Groups 0.0695 3 0.0232 7.770 0.0001 

Within Groups 0.2744 92 0.0030 

Total 0.3439 95 

The Measure A0 : 

Between Groups 0.0308 3 0.0103 7.781 0.0001 

Within Groups 0.1216 92 0.0013 

Total 0.1524 95 
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T:ifl l£>_~_ tv1111tipl 1:1 r, ."nf'Hri""" T~ -:t n f T11lci~'/- fl ;:it r:t= .OS !=or 
The SOT cJet ec tal>ili ty Measure: d '. the area under ROC A' an.d AG 

The Measure d'; 
Prob 

Experimental Group Group 1.2 Group 1.1 Group 2.1 Group 2.2 

Sorted Means 0.2479 0.3314 0.4120 0.5071 
0.0001 

Homogeneous Subset 1 

Homogeneous Subset 2 

Homogeneous Subset 3 

The Measure A': 

0.0001 Experimental Group Group 1.2 Group 1.1 Group 2.1 Group 2.2 

Sorted Means 0.5868 0.6153 0.6371 0.6596 

Homogeneous Subset 1 · 

Homogeneous Subset 2 

0.0001 
Homogeneous Subset 3 

The Measure A0 : 

Experimental Group Group 1.2 Group 1.1 Group 2.1 Group 2.2 

Sorted Means 0.5481 0.5644 0.5788 0.5968 

Homogeneous Subset 1 

Homogeneous Subset 2 

Homogeneous Subset 3 

155 



Oi ~; r: w: "ion u n<l Conc:lusio n s 

col< 

· Findings of the study suggest that tile use of the digitized B&W irn 
of 

computerized instruction and information transmission of pictorial into 
pse1 

provides the same pictorial information as of the photographic B&W pictures. 
puq 

based on the lack of significance of the difference between the photograph 
mor 

and the digitized B&W. This could be interpreted as that the change of the 

pictures from photographic to digitized form does not change the features t 
B&V 

human viewers need to recognize these pictures. This conclusion is importam 
Ho~ 

design of visual learning in future developments in computer based visual 1 

... Le rt 

systems by constructing pictorial banks or pictorial data bases of naturali_stic. 
nee· 

that could be retrieved for learning and instruction. 
re cc 

a rot 
It was expected, in view of the cue-summation theory of learning, that 

pseudo-color to the digitized B&W images would increase the distinctivene 

recognition of these pictures in the task. The lack of the significance betwe 
diff( 

digitized B&W and the digitized pseudo-color could be because of the use 
COO' 

pseudocolor method. So, this result should be limited to the case of usi 
pre1 

pseudocolor method. Using one pseudo-color method could have made the P.. 

have much the same of their color look. This may suggest that the use of mo 

one pseudocolor method (color tables) and adjusting these color methods coul cue· 

the picture more distinctiv~ and recognizable than its digitized B&W counterp real 

should be noticed that the pseudocolor (single method) is different than t118 Of 1 

realistic color in other studies (Berry, 1977, 1982; Lertchalolarn, 1981 ). The pse1 

realistic color (NRC) used in those studies was based on the original picture r: 
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color complements whic:ll •1rP 1nn1 " ·!i"l 11wiivA rrorn one nic:t11re to another. In view 

of this study's findings a11d tlie utlier resecirc:ll on color realism, tl1e digitized 

pseudocolor could be more effective in learning and instruction if it is used 

purposefully in multiple methods and adjusting them to each picture to make them 

more suitable to the objectives of the learning task. 

The result that there is no significance in the difference between the photographic 

B&W and the photographic realistic color supports similar findings (Myatt, 1974). 

However, this doesn't support other studies (Berry, 1977; Wieckowski, 1979; 

Lertchalolarn, 1981 ). This could be interpreted by the view that the realistic scenes 

need more processing time than the black and white which is not given in 

recognition experiments since the acquisition time of the old pictures is always 

around 500ms. 

With regard to the finding that the photographic realistic color is significantly 

different than the digitized pseudocolor, this finding could be interpreted by the 

contention of the realism theories. So, this concludes that the realistic color is 

preferred more than digitized pseudocolor in learning from realistic scenes. 

The findings of this study partially support the contention of realism theories. The 

cue-summation theory was not supported by any of the findings. However, both 

realism theories and the cue-summation theory can . not predict or interpret the lack 

of the significance of the difference between the digitized B&W and the digitized 

pseudocolor and also the photographic B&W and the photographic realistic color. 

The approach of modeling the pictorial recognition by the signal detection theory 
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;incl lllfl 11-;P. of the rrnr :1n w f Pr'.; Ii ' A' ;incl Ar- lo meas11rf! Urn re c:ortn it101 ..., 

. slloulll be considered for C1ccuracy analysis of recognition uC1ta. fh 

measures were consistent in all the decisions involved in t esting 1 

hypotheses of this study. The new parameters A' and AG are accurate a 

distribution-free measures of recognition memory. It is suggested.in vie 

findings of this study, that the parameters A' and AG should be used 

experimenter .is in doubt of the parametric assumptions of the parametric m 

detectability (d'). 

Based on the find ings and the above discussions, some conclusi 

recommendations could be drawn: 

1. The signal detection theory (SOT) parameters of Yes-No experiments. 
and AG are consistent and should be used for accuracy analysis of t 
recognition data. 

2. The two distribution-free SOT parameters of the area under the R 
curve, A' and AG offer the same accuracy of the d' (SOT index 
detectability) in analysing recogn ition dat a. A' and AG should be used 
the experimenter is in doubt of the distributional assumptions of 
parametric measure d'. 

3. Pseudocolor methods should be used in digital images with adjustment 
each image to meet the purpose of making the picture suitable to t 

learning task. In recognition and detection, various pseudocolor methO 
should be used, not just one color table. 

4. The digitized B&W images could be used in learning at the same effect 
the photographic B&W pictures. Th is conclusion could be applied 
support any comput erized visual learning system to use pictorial d 
bases and also support the computerized slide-making for learning a 
presentation of information. 

5. The main effect of color is not significant, but the main effect of t 

imagery mode is significant. Given the result that their interaction 
significant, the effect of these two factors is not additive. On t 

contrary, these two factors syst ematically interact and affect t 
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tasks. 

6. The contention of realism theories is partially supported while the cue
summation theory is not supported.. However, both of these theories are 
not suitable to interpret the zero effect of color in both the two imagery 
modes. 

7. The failure of the applicability of both the two contentions of of realism 
theories and the cue-summation theory should be attr,ibuted to the 
learner variables more than to the pictorial design and attributes. 

8. The above conclusion supports the view that learner variables should be 
also considered in the interpretation and design of learning tasks. Learner 
variables such as learning and thinking styles, cognitive styles, and other 
personality traits should be considered in the design and interpretations 
of recognition and learning. This suggests follow-up studies or new 
studies that take into consideration the learner variables in the learning 
process. 
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I V, V \.. l ~Y:::'. 

and p: 

Characteristics of the Learners and Design of the Mater 1 a trans 

Pur p 1:1!=se . The long range goal of this program o f research where 

improve the match between the design of instructional m~ mean1 

and the characteristics of learners. Particular attent1 pictL 

the cognitive strategies which skilled learners employ in 

study of materials combining words a nd pictures. 

readt 
Theoretical interest centers on the fact that rece~ 

research on verbal and imaginal processing suggests that 
mate 

and pictures are cognitively disparate~ requiring differe 
scie 

and amounts of processing. This implies potential cogn1t 

problems where words and pictures are mixed indiscriminat 

instructional materials. pr in 

What follows was an exploratory s tudy of how skilled 
~te> 

1 ear·ner· s ccJpe with mc.~ter·i e:\l s c:ombi ni ng wor-ds and pictures, 
pr o! 

te>:tbooks. 
stu1 

This study was done in a framework of cogn1b 

theo1~y. It specifically examined the eye movements of le pro 

s tudying print materials combining text and illustratione. aud 

eye-movement pattern s were seen as useful indicators of t (si 

cognitive strategies employed. <There is ample precedent 

thi s interpretation of eye-movement data , e.g., Snow, 196 bui 

i ni 

were inferred from the differential duration of attention 
164 
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1975) stra 

•+ attention 

and p:icture areas and from the numbers and patterns of 

transitions between areas. 

The wr:iter ascr:ibes to a constructivist model o f reading, 

where reading comprehension involves the reader ' s search for 

meaning from the author's words as well as his diagrams, graphs, 

pictures, etc. Meaning i s constructed by the reader both from 

what the material provides and what the reader provides from 

his/her own world knowledge. The skilled (universi t y-level) 

reader's prior knowledge includes strategies for studying an d 

schema for interpreting and remembering various kinds of 

materials, e.g., stories, expository text, research articles, 

science diagrams, pictorial scenes, etc. 

Research to date on reading comprehension has examined 

primarily the words (prose learning>, to a lesser extent the 

illustrations (picture learning>, and rarely both in :interaction 

(textbook learning). This both e xplai ns the preponerance of 

prose learning concepts in what follows and Justifies the currer 

study o f strategies in volving both text and illustration. 

Much has been made of the differences between word 

processing OinE'=ar-, chr,.1ital, symbolic~ left brain, visual and 

auditory modalities, learned skill) and picture processing 

(simultaneous, analogic, concrete, right brain, visual modality, 

Clearly there are processes specific to each, 

but on a typical page combining both they must somehow be 

i nt.t=gr- at eel. A macrostructure (theme, gist> must be constructed 

that includes both. P1pl1."8~ntly, these diverse elements are 



integrated primarily at a higher semantic level. 

study .. 
Reading theories differ in degree of emphasis on wh~ 

inf onnati on i r:; <;Ji ven in the te>: t as cclmpared to whc:1t :i s b 
was ncJ 

to it by the reader. Those emphasizing meaning-in - the-te 

rem:inclful of the position of many audiovisui:\l professional A 

i.e., the meaning is in the medium~ especially the pictw is com 

Both F.!mphasi ze the i:..:ii ven r:.ti mul L1 s , whether worcl or· pi ctur1 r e ;:idab 

contrast, the reading constructivist theories which emphQ l e ngth 

interaction of reader characteristics, context, and print 1n pie 

remindful of the aptitude Cor trait) treatment interacti~ I n thi 

theorists in instructional development. Berth emphas:i z e th 1 eve l 

differential outcomes from what's given depending on the that c 

learner's prior knowledge, interests, skills, etc. 

for si 
The above suggests the two set s of pertinent variabl 

th i s s tudy i nves t i gated , i. e . , what's gi v en (design var1 ~ [ 

and what the learner b r ings to it (learner variables). ~ ~.tudie 

the design variables (what's given> often cited in read1r 

comprehension research is context, i.e., the verbal cont~ high r 

In the present analysis of realwor l~ instruct1a by !:;.!:.?:· 

mater ials it is apparent that words in textbooks often pr 

conte>: t for pictLwes , e. g ., interpret :ive captions , and plC ~>Jomen 

often provide context for words, e.g., pictured examples o 

con cF2pt!:>. Often the intende d relation between tex t and wa s. tt 

illust r ation appears ambiguous . Where one appears above 1 onge1 

other on a page, do reaclers assume that the one provides ~ 

context for what follows? The question of page- layout ord 
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1 .e., wh i ch comes first, words or pictures , wa s examined in this 

~tudy .. Dif f erent cognitive s trategies were expected for the two 

page- layouts, WP and PW, but the direction of those differen ces 

was not predicted. 

Another of the design variables common in reading res earch 

1 s c omplex ity, which i s often operationalized according to a 

read a bility formula involving word .l ength or frequency, sentence 

1 ength, etc. Complexi ty has also been variously operationalized 

Jn picture studies by number of figures, degree cf realism, etc . 

In this study complexity was operationalized in two ways: grade 

leve l of the ma terial s and length of sentences . It vJc:1s pr-edi c:t e d 

that cognitive strategies for c omplex materials would include 

longer st ud y durations and more transition s between areas than 

for simple materials . 

Common m~asures of learne r characteristics in reading 

s tudies are proficiency tests, e.g., vocabulary or 

The present s tudy using graduate s tudents assumed 

high reading and study skills. However, the sample was di vi ded 

by sex because it was hypothesized that word/picture study 

strategi es of males and females might differ. The evidence that 

women tend to hav e higher verbal skills (Lips and Colwill, 1978) 

a~. Wl"?ll as highe1~ gr· ades. in genE·1r·a l (M c."'\cc:oby and ,Jack l in, 1 1:i>74) 

was the basi ~ fo r predictions of greater at tention to word s and 

longer over all stud y dur ati on for women th a n men . 

Another learner character istic studied h ere was cognitive 

The-.1 



evidence that field dependents tend to be more global ano 

independents moire analytical H'Jitkin~ et al~ 1974> led to 

prediction that global field dependents would follow <be 

dependent on) the given pattern of information on the pag 

whereas the more analytical field independe~ts would tend 

dev iate from (be independent of) the given pattern. 

World knowledge is considered to be an important 

reading comprehension. In the present study an attempt h 

to estimate the prior knowledge of the learners about the 

matter, biological science. It was predicted that 

knowledgeable learners would have study s trategies which 

shorter in duration and which inv olved fewer transitions 

areas than would less knowledgeable learners. 

Procf:?dure. A convenience sample of 24 students was selec 

clas s in Education s uch that half were males a 

females. Half of each s ex grouping were randomly 

of two page- layout treatments. 

The design variables were complexity at two levels, 

v. s . complex, and page layout at two levels, pi c ture 

then word s (PW> v.s. word s first then picture <WP>. 

for an example of a PW layout. The simple material was 

8th grade text, whil e the complex was from a scientific r 

journal. They contained comparable numbers of words, but 

sentences in the c omplex material averaged about twice 

The learner variables wer e sex, cognitive style (field 
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dependent/field independent> , and prior knowledge. Re 

The dependent variable was visual attention as indic 

eye- movement data~ specifically the amount of time spent 
cc: 

attending to each area of the materials (duration), 
ma 

shifts between areas (transitions>, and the pattern o f 

transitions (sequences). 

Subjects were instructed to stµdy the material as 

s i 
had been assigned for them to understand and remember. 

c: [ 
then fitted with head-mounted eye-movement-detecting equ1 

m.: 
<NAC Eyemark IV>. They were allowed as much time as 

m.: 
study the materials. 

Subjects then completed a brief questionnaire cone~ 

relative familiarity and difficult y of the materials and 
pt 

t i 
number of related courses <biology> which they had taken. 

fll 
then took a cognitive style test, the GEFT <Group Embedd~ 

Figures Test). 

c 
Ri:\W data re~cords c:onsi sted of v ideotape 1~ecordi ngs s 

m 
the stimulus a subject was studying plus a superimposed m 

s 
which indicated just where on the st imulus the subject w~ 

f 
looking at any moment. The four· pages cif stimuli were d1 

into 30 significant areas , i .e., either figures .in the pl 

i 
or captions and paragraphs in the text. Read o ut from 

t 
videotape records were the duration of attention to each 

t 
the number and s equence of transitions between areas. 

i 
the 24 records were usable. 

lr/O n 



Results: Over 17:\l l • ----------.. ----·- - --··-
A 3 - way ANOVA of the effects of Sex and Layout 

as :indit 
(independen t measures) and Complexity (repeated measure> on total 

transitions revealed the predicted signficant main effect for 
1e spent 

) > , the n 
comp lexity, p< .001, but no effect for sex or layout. Bubjec:ts 

made more transitions in studying the complex material than the 

::,imp 1 e. 

al as 
Analysis of the effects on total duration revealed 

~mber. 
significant differences, as expected, for both sex, p<.004, and 

.i ng 
complexity, p < .001. Femal es attended longer overall to the study 

materials than did males. All sub jects studi ed the complex 
~ as 

materials more than the simple. 

There was no main effect for layout <PW v.s. WP> nor for 
e concern 

als andt 
prior· knol-'Jl edge. Analyses of the data relative to familiarity of 

d taken. 
the content as well as number of biology courses taken revealed 

Embedded 
no significant relationships to cognitive strategy. 

There was a significant positive correlation between 

r di ngs sh 
cognitive s tyle CGEFT> and number of transitions for complex 

mposed ma 
materials only (Spearman p<.034. Kendall p<.037). So, z1 median 

::ij ect was 
split was made of the subjects by GEFT s core and two groups 

formed, higher s c orers <Field Independents> and lower scorers 

1 the plC 
<Field Dependent s ) . An ANOVA revealed a significant two-way 

from the 
interaction b e twe en cognit i ve s tyle and complexity, p < .003, for 

: o each a 
While s ubject s of both cognitive s tyles made more 

transitions on complex materials than on simple, the field 
~ as. 

independents made a l a rger adjustment to comp lexity, i.e. they 



more tr·an s iticms. for the comple>: materials than did the f 
1
00 

dependents. See Fig. 2. 

Because subje-~c:ts' str·ategies ~ ~o 

most influenced by the complexity factor, it wa s decided 

analyze the most complex page further. (.~ 3 - way ANDVI~. 

Layout by Sex by Sequence, revealed a significant main t0 

s equence, p<. 05. There were, of course, more transitions 

given sequence <top down> than in the reversed. However, 

was a significant 2-way interaction between sex and seq~ 

p < .05, the females favoring the given order and the 

reversed. This was further modified by a 3-way interact1 

involving page layout, which revealed that the tendency f ~O 

to make more reverse order transitions was limited to the 

layout condition <words first~ then pictures) . See Fig. • 

The above interactions suggest a very interesting 

possibility. Assume that a compatible match of cognit i ve 

strategy and page layout would show up as a largely stra1 
40 

through <top down> attention sequence, i.e., a minimum nu 

transitions and most of these in the given order. 

according to this assumption, that the most compatible 13 
\0 

males was PW and for females WP. See Fig. 3 for the 

a low overall number of transitions and with more in the q 

than reversed order. 

A furth e r an a lys is was made of attention patterns 

five pi c torial areas, two related verbal areas, and one c 
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area on the complex page. A 2-way ANOVA~ Sex by Layout, revealed 

no differences in attention to picture areas but a significant 

difference in attention to verbal areas, p<.05. As predicted, 

women made more transitions to verbal areas and maintained 

attention there longer than males. For the caption area ·there 

was a significant effect for layout, there being more transitions 

to the caption, p<.01, and longer durations on the caption, 

p<.05, for the PW layout than for the WP layout. Thi r:; is 

understandabl e because the PW layout put the caption in the 

middle of the page where it was more noticeable, whereas the WP 

layout put it at the bottom. 

Another analysis of the complex page, Cognitive Style by 

Layout, revealed no differences for the verbal areas but 

significant differences for pictorial areas, p< . 05 for durations 

and p<.01 for transitions. Field independents looked longer and 

more often at picture areas on the complex page than did field 

dependents. Thi s was not predicted. 

Cone! usi nn r:.. Of the design variables, the complexity factor was 

clearly the most determinative of learner strategy. Of the 

learner v ar iables, prior knowledge had no effect on strategy. 

Perhaps the measures of prior knowledge were inadequate. The 

other learner variables, cognitive style and sex, were reliably 

associated with lear ner strategies. 

These main effects and interactions with cognitive style and 

sex were largel y as predicted from prior research and theory . 

1'/5 



However, there were some surprises, e.g., the effect Of 
R. • 

style on strategy adaptation to instructional material 

complexity, and the effect of sex on strategies for se~ 

attention to words and pictures. 

Clearly, more such studies are needed to confirm~ 

disconfirm these conclusions. However, the results do 5 

that the design of science materials for graduate stud& 

need to take account of two learner variables, sex and c 

style, and two design variables, complexity and pictur~ 

layout. 
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ABSTRACT 

lantation approach of this study hypothesized that media 
~~~~es may serve to bridge the processing link between learner 

tftude capacity and the demands of a concept attainment task. The 
~ ut ilized a treatment-by-blocks design. The aptitude block was 
~sed of two levels: extreme field- i ndependent individuals and 

reme f ield-dependent individuals. Three treatment variables 
ined to form eight treatments. Each treatment contained either 

tor • or non-color - cueing, plus simple or complex line-drawings 
ompanied by either an inductive or a deductive verbal 

esentation. These treatments were selected according to their 
oosed supp l antation value to increase the salience of relevant 
n~ept attributes. Analyses of variance revealed interactions which 
gested that treatments were differentially effective in mee ting 
differing task requirements of a transfer and a nort-transfer 

~test measure. Findings may be of interest to those in 
struct ional/training settings in which learners are required to 
ansfer learning from a technical line- drawing presentation to a 
al object. 
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APTITUDE SENSITIVE INSTRUCTION: 

THE ROLE OF MEDIA ATTRIBUTES IN OPTIMIZING 

TRANSFER OF TRAINING 

The power of media to influence our values, opinions and actions 
confronts us whenever we turn on the television or open a magazi 
Many training/educational materials aim to utilize this power fot 
instructional advantage. The study to be described in this pap~ 
argues that sound instructional use of media must be based upon 
consideration of the impact that specific combinations of media 
attributes have on the internal psychological/cognitive processi 
operations of learners. 

RATIONALE AND PURPOSE 

The Role of Media Attributes 

The aim of the present study .was to investigate treatment variabl 
which may interact to facilitate perception and l earning of a 
concept. In many areas of training and technical education, stud 
are frequently required to utilize line-drawings in learning 
situations. Because much instruction is primarily conceptual in 
nature, instructional designers often express interest in how bes 
design technical line-drawings for effective use with other media 
instructional modules which teach concepts. 

A frequent decision facing the instructional designer is the 
selection of a way to present the instructional message most 
effectively for all learners. This problem of media choice has 
raised continuing concern among media researchers, instructional 
designers and classroom teachers. Educational philosophy today 
places emphasis upon both the need to consider alternative means 
providing instruction, and the need to choose from media alternat 
on the basis of criteria which will maximize effective learning ( 
Cronbach & Snow, 1977; Salomon, 1979). This raises the need for 
sound criteria upon which to base selection of media. Jackson an 
Kieslar {1977) have observed that most practitioners prefer to rel 
upon experiences and intuition, rather than to turn to researchere 
for advice. This observation is not surprising in the light of 
growing criticism of educational/instructional media research 
findings. Many authors have commented upon a disappointing lackC 
practical, definitive research findings to guide media selection 
(Allen, 1971; Heidt, 1975; Olson, 1974; Salomon and Clark, 1977)· 
Several writers have noted that hundreds of studies to date have 
compared the effect of one medium with the effect of another medi 
without carefully defining what is being compared (Chute, 1979; 
Clark, 1975; Levie and Dickie, 1973; Salomon and Clark, 1977; 
Schramm, 1977). The use of these macro-media comparisons has been 
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"research with media" {Salomon and Clark, 1977 , p. 102) . The 
d tion that gross media comparisons have contributed little to 

u..ia onal practice has been accompanied by appeals for more 
at~ical conceptualization to focus researchers' attention upon 
te lid quest ions dealing with more specific qualities of media 
vsand Dickie, 1973; Salomon and Snow, 1968; Salomon a nd Clark, 
8

1977). These authors have s uggested that a more productive 
74, tualization of research would be one that specifies relevant 

•Pvariables in terms of the attributes of media rather than med i a 
'des of stimulus presentation. Salomon and Clark referred to 

90different research focus a s "research on media" (1977, p. 102). 
8
85 

been suggested that attributes of meOia may be defined in 
h5 of their psychological effects and instructional effectiveness, 
~er than in terms of their physical appearance (Heidt, 1977; Levie 

Dickie, 1973; Salomon and Clark, 1977; Salomon, 1979). This view 
~es emphasis upon a learner's mode of internal processing of 
ormation. Salomon (1979) has noted that learning will be most 
ective when media and the teaching pr ocess are precisely adjusted 
the processes the l earner has to carry out. He noted that · 

fferent learners often respond to the same information in quite 
fferent ways' and advocated that the rresentati on of information 
st be precisely adjusted to a learner s own internal symbolic 
presentati ons. Salomon and Clark (1977) suggested that future 
ia research should seek to find which physically different 

tributes of media or t echnol ogy have a high probability of 
!citing common responses in l earners of similar aptitudes. They 
~gested that these attributes could then be treated conceptually as 

ivalents. This approach is linked c losely t o the theory of 
titude Treatment Interaction (ATI) research, which has also called 
r more specification of experimental variables (Cronbach and Snow, 

. 77). The ATI approach seeks to study the nature of a medium's most 
elevant at tributes as they relate to the psychological functions 
ey can accomplish for different learners under specified task 

onditions. Both Cr onbach (1975) and Salomon (1979) have called f or 
~search that i s theoretically ba s ed to develop explanatory 
rinciples that may function as "skeleton hypotheses" (Salomon, 1979, 
• 12) to whi ch numerous practical i ns tances could apply. 

s, a new set of resear ch assumptions may be applied t o the role of 
ia in instruction. The most important difference to those of past 

esearch with media is that research on media should specify relevant 
riables in terms of attributes of media whi ch relate to learners' 

sychological responses. Media attributes may be defined first as 
r
1
operties of st imulus materials that are inherent in the physical 
mensions of media. 

The attr ibutes of a medium then, are the 
capabilities of that medium -- to show 
objects in motion, objects in color, objects 
in three dimensions; to provide printed 
words, simultaneous visual and auditory 
stimu1i; to allow f or overt learner 
responses or r andom access to information. 
(Levie and Dickie, 1973, p. 860) 



THEORY INTO PRACTICE 

The present study sought to combine media attributes 
Aptitude Sensitive Instruction research model. This model is ba.8 
upon the supplantation approach (cf. Ausburn and Ausburn, 1977; 
French, 1982; and Salomon, 1979). The supplantation approach of 
study hypothesized that specific combinations of media attributes 
serve to bridge the processing link between learner aptitude capa 
and the processing demands of the concept-attainment task. 
Treatments were selected according to their hypothesized 
supplantation value on the basis of: 1) Analysis of processes 
reflected by field-dependent /independent cognitive style, and 
2) extensive task analysis. 

The Effect of Cognitive Style on Concept Attainment 

In a typical visual concept-attainment task, learners are require 
distinguish examples from non-examples of each concept class. 
complete this task successfully, a learner needs the aptitude 
capacity: 1) to discriminate small visual details which characte 
each concept example, and 2) to structure this information as 
generalizable rules which may be utilized to classify examples as 
members of a concept class (Gagne, 1977). In concept attainment 
tasks, learners appear to differ in their ability to discriminate 
visual into its component details. Furthermore, learners also di 
in the strategies they use to structure and generalize informatio 
concepts. The cognitive style "field-dependence-independence" ha 
been related empirically to these differences (Witkin, Moore, 
Goodenough, and Cox , 1977). Research findings have indicated tha 
typical concept-attainment tasks are often more demanding for 
field-dependent individuals (Dickstein, 1968; Kirschenbaum, 1968; 
Witkin, Moore, Goodenough and Cox, 1977). 

The current view of field-dependence-independence is still evolvi 
During recent years, research has resulted in a complex descriptt 
of the dimension which includes an ever-broadening pattern of an 
individual's psychological, intellectual and neurophysiological 
functioning. This pattern has been explained by what has been te 
psychological differentiation theory (Witkin, Goodenough and Olt 
1977). Differentiation theory attempts to account for the networ 
functions and behaviors that are responsible for an individual's 
self-consistency in approaching a variety of tasks and situations 
Individuals who are more differentiated are implied to be more 
capable of carrying out specific functions in a specialized fashi 
Goodenough and Witkin (1977) have hypothesized that a person's 
tendency to function in a more differentiated or less differentia 
w~y is likely to characterize that individual's activities across 
psychological, intellectual and neurophysiological domains,. thus 
contributing to self-consistency in individual functioning. 
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als who are perceptually field-dependent have been found to 
~idU e their world in a less differentiated fashion when dealing 
rie~~eptual/cognitive tasks (Witkin, Goodenough & Oltman, 1977; 
pe& Goodenough, 1977). The field-dependent l earner tends to 

in external referents which influence the- strategies used in 
1°~ attainment tasks . That is, field-dependent persons tend to 
ceP the visua l field passively, as presented, and to ignore 
pt ant details which presumably are not salient to them . 
r;t'lllore, they appear to be ~ominated by the most salient or 
beable parts of a visual (Dickstein, 1968; Kirschenbaum, 1968). 

iC fie ld-dependent individuals may be handicapped by unstructured 
~ials in which relevant details are not made salient (Goodenough, 

16. Witkin, Moore, Goodenough & Cox, 197 7). Their tendency t o 
iay less differentiated functioning is also evident in the 

Pessing str ategies they use when directed t o form concept 
theses . Their hypothes is-testing strategy has been associated 

ha partist approach (Goodenough, 1976; Kirschenbaum, 1968). 
eld-dependent learners tend t o form one concept hypothesis at a 

based on the most noticeable or salient ·features of the concept 
ple. If subsequent examples reveal that the hypothesis is not 

lid, then new features are chosen, and a new hypothesis is formed. 
subsequent examples substantiate these features , then the 
othesis is retained (Goodenough, 1976) . In other words, the 

eld-dependent learner acts as a lassive spectator who tends to note 
dominant, salient cues, until t becomes obvious that certain 

tures are associated with positive examples of the concept 
ttkin, Moore, Goodepough & Cox, 1977). 

is strategy may be contrasted with the act i ve, particilant role of 
field-independent learner. These learners are capab e of more 

ifferentiated functioning. That is , they are capable of using their 
structuring skills as internal mediational processe s (Witkin, 
ore, Goodenough & Cox, 1977). Their hypothesis-testing s trategies 
ve been associated with a whol i st appr oach (Goodenough, 1976; 

lescriptio rschenbaum, 1968). The field-independent learner tends to scan the 
~n of an irst positive concept example, and to retain all its attributes f or 
.ogical ter compari son with those in subsequent examples. If the 
; been te othesis is proven to be inappropria te, then a revi sed hypothesis 
and Oltm • formed. The who list strategy of hypothesis testing is more active 

le network n the partist approach, and has resulted in better learning 
ridual's erformance particularly when subjects were under time pressure 
~tuations. Bruner, Goodnow & Austin, 1956; Bourne, 1966). 
~ more 
~ed fashion his discussion o f hypothesis-testing strategies, Mayer (1977) 
~son's ointed out that the superiority of the who list strategy could be due 
cferentiat o its reduced demands on memory. The wholist has only to remember 
~s across he attributes of the first example. Subsequent checks against 
is, . thus x

1
amples reduce the memory requirement because t he wholist is able to 

ig. iminate those attributes which fall to reappear. Conversely, the 
emory demands f or the partist strategy will increase with each 
ncorrect hypothesis. Subsequent new hypotheses will need to 
ncorporat e a record of all prior hypotheses that were disproven, to 
~id us ing them twice. 
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In summary, it is important to note that both approaches can lead 
successful concept attainment (Nebelkopf and Dreyer, 1973Y:- Ho~ 
field-dependent learners do have more difficulty than 
field- i ndependent learners with discrimination tasks. That is, 
have less ability to break down a v i sual into its component deta 
In concept learning tasks in which relevant details are not made 
obvious, the field-dependent learner may be at a disadvant age 
(Witkin, Moore, Goodenough and Cox, 1977). Furthermore, 
field-dependent and field-independent learners do differ in the 
methods they use to generalize information into concepts. Thus 
material to be learned is not clearly structured and organi zed,' 
field-dependent learners may experience learning difficulties 
(Witkin, Moore, Goodenough and Cox, 1977) . Their difficulty may 
particularly apparent when instructional time is limited by a 
fixed - pace presentation {cf . Bruner et . al., 1956, Bourne, 1966) , 

The relationship between field-dependence
independence and concept attainment is of 
particular concern to educators because of 
their interest in having students learn 
concepts, rather than facts alone. It is 
therefore natural to ask how field-dependent 
students may be aided •..• (Witkin, Moore, 
Goodenough and Cox, 1977, p. 26). 

The Effect of Media Attributes 

French (1982) has developed an Aptitude Sensitive Instruction 
Research model to help the educator in deciding the best method t 
meet the different processing needs of learners (See Figure 1). 
Aptitude Sensitive Approach asserts that learning will be most 
effective when the requirements of the learning task together wit 
media attributes, either precisely complement the internal proces 
skills of the learner, or adapt to the aptitude of the student 
(French, 1982). 

This approach places an emphasis upon learners' modes of internal 
processing of information. To those interested in the developme 
instructional materials, this means that it is as important to 
consider what students ought to do while they are learning, as it 
to consider the validity of the content. This consideration was 
apparent in the early work of Salomon (1970, 1972) when he added 
new component to the conventional stimulus-response model and ch 
it to a three-stage S-r-R model. The new component, "r," signif 
the internal operat i ons of information processing, which are rel 
by the stimulus, "S, 11 and lead t o the overt behavior, "R. 11 Salo 
initial hypothesis about the relations between media and the lea 
can be stated as follows: a) Different attributes of media affec 
stimulate different internal operat i ons of the learner; b) Differ 
learners often respond to the same information in quite different 
ways: apparently they perceive the same stimulus in various ways 
encode and process it in different manners; c) Learning will be~ 
effective when the teaching process is precisely adjusted to the 
processes the learner has to carry out. 
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& Ausburn (1977) and French (1982) advocate the use of media 
burn tes as a "connec ting link" which would otherwise be incomplete 
~ib08 learner's inability to meet certain task demands. Both 

to & Ausburn (1977) and French (1982) view this media link as a 
sbU~ion between learner and task that is facilitated through the 
,~£ supplantation techniques which form a bridging mechanism (See 

ure lJ · 
resent s tudy s ought to utilize media attributes according to an \fude sensitive approach which was aimed to increase the 

ctiveness of instructional materials for all subjects. 
~ifically, the study aimed to use a compensat ory supplantation 
'roach to f acilitate concept attainment for field-dependent 
Ptners by "short circuiting" processing demands (cf. Salomon, 
l9). See Figure 1 . The "short circuiting" method provides 
ady-made transformations which may save the field-dependent trainer 
om having to perform the required processing operations. The study 
80 aimed to use media attributes to activate appropriate processing 

crategies for field- independent learners. 

present study incorporated the use of several media attributes 
ch varied both in the nature .and the amount of supplantation 

ovided. These attributes represent the three independent treatment 
riables whi ch were selected according to the hypothesized functions 
ey may perform for l earners differing in- aptitude . The three 
eatment variables were varied systematically to determine their 
fluence upon both field-dependent and field - independent learners' 
rformance on a concept attainment task. The three treatments were : 

a) color versus non-color type of cueing; 

b) simple versus complex degree of informative detail; 

c) inductive versus deductive type of verbal presentation. 

e firs t treatment variable of interes t was that of the use of 
~nternal olor-cueing of relevant visual details. In color-cued treatments, 

e relevant features (attributes) of each concept class were color ed 
relopment red. Both Hull (1920) and Trabasso (1963) have used red to 
lt to hasize relevant attributes as an effective aid to 
r~n a!a~t ncept-attainment. On the basis of discussions (e.g . Allen, 197 5; 
, added 8 ute, 1979 ; Garrick, 1978) relating to the potential functions of 
-and cha lor in instructional variable, several considerations led to the 
signifi rlusion of color-cueing . These included the hypothes ized ability 

ire re lea color: 
' Saloin 
t he learn 
la affect 
) Dif fere 
ifferent 
:ms ways 
lll be 111° 

t o the 

a) 

b) 

c) 

to direct attention to relevant details by making cues more 
salient and by delineating figure-ground relationships; 

to isolate details while maintaining context relat ionships 
as an aid in making discriminations; 

t o provide organizational a i ds by showing interrelatedness. 
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It was hypothesized that these functions may facilitate concept 
attainment by increasing the salience of relevant concept 
attributes. However, color appears to be a "fragile cue ••• apt 
be superceded by more potent cues" (Otto & Askov, 1968, p. 163). 
Both Otto & Askov and Chute (1979) have suggested that instructio 
materials should not have color as the only cue available to . 
facilitate processing, especially in complex tasks that are high 
stimulus similarity. This should not be interpreted to suggest t 
color is an ineffective cue. When used to perform an integral 
function (cf. Chute, 1979), color can be more effective, especial 
when the rel evant concept attribute is embedded (Trabasso, 1963) , 
Both Chute (1979) and Lamberski & Roberts (1979) have suggested b 
the value of color may lie in its possible interrelated role. 

Trabasso (1963) revealed that the effect of color emphasizers may 
reduced by counter-emphasize:rs; that is, irrelevant information w 
was not held constant appeared to compete for the subject's atten 
by directing the learner away from relevant details. Many 
relevant-cue theorists (e.g., Caneles, 1979 ; Dwyer, 1972) propose 
that in some learning tasks, complexity should be edited or 
simplified in order to avoid processing interference caused by to 
many relevant cues. To test these views, the present study inclu 
both simple line -drawing and complex line-drawing treatments as a 
second independent, treatment variable. This variable was t ermed 
degree of informative detail, in order to reinforce that degree o 
abstraction/realism was not us ed t o differentiate simple from com 
line-drawings. 
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oncept def 
detail; that is, they showed a high degree of interior (figure) a 965). Bas 
ground detail that was not related to the concept. Simple onsiderati 
line-drawings were lower in degree of informative detail; that is, n the pres 
they showed mainly relevant interior (figure) detail and as little eductive p 

In complex treatments, the line-drawings were high in 

irrelevant detail as possible . Several functional considerations 
to the inclusion of simple degree of informative detail in the 
study. These included the hypothesized ability of simple 
line-drawings: 

a) 

b) 

c) 

d) 

t o isolate details while maintaining context relationsh 
(cf. Heidt, 1977); 

to reduce the counter-emphas izer effect of irrelevant 
stimuli (cf. Trabasso, 1963); 

t o decrease abstraction time and learner effort (cf. 
Canelos, 1979; Fleming & Sheikhian, 1972; and Joseph, U 

t o fac ilitate objectives requiring the comprehension and 
explanation of concepts (cf. Arnold & Dwyer, 1975). 
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su[Jl]llation theory, Severin (1967) raised the question of the 
cu~ie summation of cues between auditory and visual channels. The 
si t study was also concerned with the possible summation o f an 
senizer effect by presenting information through more than one 
as~odality. Hence, the third treatment variable related to the 

~~ory mode. This variable was termed inductive versus deductive 
e of verbal resentation. 

h inductive and deductive treatments were presented via an 
t otape which accompanied the line-drawings. Deductive 
;entat ions utilized a specific verbal description of the features 

eeach concept type. The deductive presentation was made 
ediate ly before the visual presentation of examples and 
~xamples . The deductive mode of presentation may be contrasted 

th the i nductive mode which did not provide a verbal description of 
ch concept type. Instead, the inductive presentation urged the 
jects to search for the defining attributes of each concept type . 

e provision of a concept definition in addition to a s et of 
aching examples has been found to be significantly more 

b cUitat ive than a set of teaching examples alone (Feldman , 1972). 
iy ~o~ shkin (1965) has suggested that specification of concept attributes 

, ~c u y reduce learning difficulty by reducing the number of hypothese s 
'.er 6 ~ 0 be cons idered. Ausubel & Robins on (1969) have sugges ted t hat f or 
· me arners to learn effectively , they should be presented with 

ckground information as a basis for understanding new facts . This 
dvance organizer" approach may closely parallel the deduc tive 
esentation used in the present study. Several s tudies have 
pported the use of descriptions which provide verbal cues t o 

ia tive oncept definition (e.g., Frayer, 1970; Frederick, 1972; Pishkin, 
tre) an %5), Bas ed on the preceding research findings, several functional 

Lat is, 
little 
ltions 
:he 

:ionshi 

1ant 

: f. 
~ph, l~ 

Lon and 
I • 

onsiderations led to the inclusion of deductive mode of presentation 
n the present study. These included the hypothesized ability of 
eductive presentations: 

a) 

b) 

to direct attention to relevant details through the use of 
verbal cues and by increasing redundancy of critical 
information; 

to provide organizational aids through advance verbal 
description of relevant details. 
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METHODOLOGY 

The study utilized a treatments-by-blocks design (cf . Keppel, 19& 
The aptitude block was composed of two levels: extreme 

. field-independent individuals and extreme field-dependent 
individuals. Aptitude blocks were designated on the basis of 
performance on the Group Embedded Figures Test (Witkin, Oltman, 
Raskin and Karp, 1971). Field-independent subjects were determi, 
to represent the upper 27-1/2% of highest scoring subjects. 
rield-dependent subjects were determined to represent the lower 
27-1/2% of lowest scoring subjects {cf. Feldt, 1961). 

The subject sample of 492 males aged 16-21 years, was drawn from 
College of Technical and Further Education in Melbourne, Austral 
All subjects were trade apprentices predominantly from the autome 
department. As subjects were trade apprentices, the classificatl 
of five types of diesel fuel injectors was determined to be an 
appropriate concept attainment task. Five types of injectors wer 
selected to represent five different concept classes. Most oft~ 
injectors had global similarities, yet, each concept class had 
specific differences which allowed for the classification of each 
example into one of the five concept groups. 

The instructional materials consisted of a series of line-drawing 
which were copied onto filmstrips with an accompanying audiotape. 
Subjects were pretested for existing knowledge, and then randomly 
assigned to an individual soundfilmstrip machine which was loaded 
with one of the treatment combinations. Each treatment was 
externally-paced. The three treatment variables combined to form 
eight treatments, each of which contained either color or non-col 
cueing, plus either simple or complex line-drawings accompanied bt 
inductive or deductive verbal presentati on. By administering the 
eight treatment combinations to each of the aptitude blocks a tot 
of sixteen treatment groups were formed. Thus, a 2 x 2 x 2 x 2 
factorial, extreme-groups design was used to implement this study. 
Six dependent variables were measured for all subjects. For this 
discussion, the results of two immediate posttest measures will be 
outlined and compared. 

a) An identification test. (This test is referred to as b 
line-drawing test.) Following the completion of all 
instructional sequences, the subjects were presented wi 
series of 21 line-drawings . Subjects were also given~ 
answer sheet numbered from 1 to 21, with the names of e 
of the five injector types repeated for each item. The 
test required that each subject view each line-drawing, 
then identify the injector type by circling the appropt 
name for the corresponding item on the numbered answer 
sheet. The choice of 21 line-drawings was based on a 
concept analysis conducted by the researcher, prior to 
experiment. 
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The ability to identify different examples as belonging to the 
me concept class appears to relate most specifically to the 

8fassificatory level of Kl ausmeier, Ghatala & Frayer's model of 
conceptual learning (1974). At the classificatory level, the 
cearner not only can discriminate and recognize concept 
!ttributes, but also can generalize to other examples on the 
basis of specific, common attributes. It is important to note 
that learners who performed well on the line-drawing test may 
have reached the formal level of Klausmeier's model. At the 
formal level the learner can identify examples and nonexamples 
of the concept, and most import·antly can name the concept and 
accurately identify it in terms of all its relevant attributes . 

b) An identifi cation - transfer test (called the realia 
test). Following completion of all instructional 
sequences, the subjects were presented with a series of 
"real fue l injectors" for identification. The test 
require d that each subject view and handle each injector, 
and then identify it by circling the appropriate name on a 
numbered answer sheet. This t es t is similar to the 
preceding identification, line-drawing test in t hat it also 
related t o Klausmeier, Ghat ala and Frayer' s classificatory 
and perhaps formal levels of concept learning (1974). 
However, in the realia (identification-transfer) test, the 
l earner was required to transfer .learning from the 
two-dimensional, line-drawn representations of f uel 
injectors to actual three-dimensional r ealia. The realia 
posttest was inc luded as a practical "real world" measure 
of s t udent achievement. Selection o f the seven items for 
the identification-trans fer (realia) test was based on 
detailed concept analysis. 
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DATA ANALYSIS 

A four-way analysis of variance was used to investigate main effe 
and interactions among the four factors; that is, the three treat 
variables and the subject aptitude variable. Where a significant 
three-way interaction occurred, the interpretation of the nature 0 
the interaction was facilitated through a series of analyses of 
simple effects. These analyses sought to identify the source or 
locus of the interac tion using procedures and formulae given by 
Keppel (19~3, 1982) and Kirk (1968). 

It should be noted that there was some subject mortality after 
subject allocat ion to treat ments resulting in unequal n's in the 
treatment of groups. These subject losses were caused by equipme 
breakdown and administrative procedures. Mortality was not relat 
to the experimental treatments. Analyses of designs with unequal 
sample sizes may warrant cons ideration o f the possible violation 
the homogeneity of variance assumption (Keppel, 1982; Kirk, 1968) , 
Hence, in the present s tudy, this assumption was tested using the 
Hartley Test using procedures given b y Kirk, 1968. Results indic 
that the homogeneity assumption was not violated (see Table 1). 
permitted the use of s tandard F t ables-in the analysis of data fr 
this study . 
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RESULTS 

:i effec pretest 
treatm 

f ie ant 
!l ture 0 
s of 
:ear 

es of scores for the pretest of prior knowledge revealed that 
a1Y8 was no significant difference between the pretest scores of the 
eI~-independent and field-dependent groups, t (24 7) • 1. 08, E. > • 1. 

n by 
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posttests 

is paper will focus upon a comparison of three-way interactions 
vealed by the posttest measures. 

e Line-Drawin s Posttest 

~ysis of variance revealed statistically significant findings for 
line-drawings test. As interactions were found, the main effects 

the factors involved in the interaction must be interpreted with 
ution (c f. Keppel, 1982). The analysis of variance and inspection 
treatment means suggested the following main effects: (a) Degree 
informative detail -- students in simple line-drawing treatments 

ored significantly higher than students i n complex line-drawing 
eatments, F (1,299) • 10 .45, E. <. 01; (b) Mode of verbal 
esentat ion -- the deductive-treatments resulted in significantly 
gher scores than the inductive treatments, F (1,229) • 11.95, 
~ .001; (c) Subject Aptitude -- field-independent subjects scored 
gnificantly higher than field-dependent subjects on the 

ine-drawing (identification) test, F (1,229) • 60.36, E. < .0001. 

e analysis of line-drawing scores also revealed two statistically 
ignificant interactions. Simple/complex treatment {degree of 
nformative detail) i nteracted with field-dependence-independence 
subject aptitude), F (1,229) = 6.31, .E. .i:. .OS. The color/non-color 
~eing by simple/complex drawings by inductive/deductive treatments 
nteraction; ( that is, type of color cueing x degree of informative 
etail x mode of verbal presentation) also was significant, F (1,229) 
5.30 E. < .05. Table 2 provides a summary of the analysis of 
riance. 

e presence of significant interactions in the analysis of variance 
enders the main effects uninterpretable without further analyses of 
he nature of the interactions. These tests were conducted and led 
~the following results. Figure 2 graphically presents the means of 
e significant three-way interaction. It is important to note that 

b
he influence of color /non-color cueing appears to be significant in 
is higher-order interaction. This l ed to a test of the simple 

nteraction effect of the simple/complex variable with the 
nductive/deduct ive variable for each of the color and non-color 
reatment groups. The results of these F t ests indicate that the 
nterac tion e ffects were not signifi cant-in color-cued treatment, but 
ere significant in non-color-cued treatments, F (1,229) • 4.87, ff .OS. A summary of the results of the tests-of simple interaction 

ects may be found in Table 3. 



Subsequent analyses of simple, simple main effects of the three-w 
interaction revealed that there was no significant difference bet 
deductively presented, simple, non-color-cued treatments and 
inductively presented, simple, non-color-cued treatments. However 
deductively presented, complex, non-color-cued treatments scored 
significantly higher than inductively presented, complex, non-col 
treatments; F (1,229) • 10.84, £ < .001. See Figure 2 (right pa~ 
and Table 4. This pattern of results was not evidenced in color
treatments. Analyses of simple, simple main effects revealed t ha 
treatments that were color-cued, there was no significant differe 
between deductively presented, complex treatments and inductively 
presented, complex treatments. However, deductively presented , 
simple, color-cued treatments were superior to inductively presen 
simple, color-cued treatments; F (1,229) = 6.95, £ < .01. See 
Figure 2 (left panel} and Table-4. 

A second set of simple, simple main effects focused on simple/com 
degree of informative detail. These analyses revealed that simple 
inductive, non-color treatments scored higher than complex, 
inductive, non-color treatments; F (1,229) = 9.76 £ < .01. There 
no significant difference between simple, deductive, non-color 
treatments and complex, deductive 1 non-color treatments. See 
Figure 2 (right panel} and Table 4. This pattern of results was 
evidenced in color-cued treatments. Analyses revealed that in 
treatments that were color-cued, there was a significant differen 
between simple, deductive treatments and complex, deductive 
treatments; F (1,229) = 4.09, E < .OS. However, there was no 
significant aifference between simple, inductive, color-cued 
treatments and complex, inductive, color-cued treatments. See 
2 (left panel) and Table 4. 

All treatment group means and standard deviations for the 
line-drawings posttest have been presented in Tables 5 and 6. The 
line-drawings posttest reliability coefficient was rtt = .72. 

The Realia Posttest 

Analysis of variance of the realia posttest revealed one 
statistically significant main effect, and one statistically 
significant three-way interaction. It is important to note that 
main effects of the factors involved in the interaction were not 
significant in the overall analysis. Hence, the F test involving 
significant main effect may be interpreted without qualification. 
The analysis of variance and inspection of treatment means reveal 
the following main effect: (a} Subject Aptitude--field-independe 
subjects produced significantly higher realia posttest scores tha 
field-dependent subjects, F (1,231) • 7.35, E < .01. 

The analysis of realia posttest scores also revealed a significant 
three-way interaction. All treatment variables contributed to th 
interaction; that is, type of color cueing X degree of informatiV 
detail x mode of verbal presentation , F (1,231) • 6.44, p_ < .025· 
Table 7 provides a summary of the analysis of scores on the rea11' 
posttest items. 
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r analyses were conducted to determine the nature of the 
rthe~ay interaction. Figure 3 graphically presents the means of 
:e~igher order interaction 9£ the three treatment variables. 

of the simple interaction effects of the three-way interaction 
,ts conducted to determine the nature of the variation due to the 

re act ion of two of the independent variables, B and C, at each of 
e~wo levels of the third variable, factor A. This interaction, 
llD in Figure 3, represent ed a meaningful way for this researcher 
view the three-way interaction. That is, the interaction of 
tor B, the simplel complex (degree of informative detail variable 

~h factor C, the inductive/deductive (mode of verbal presentation) 
able was analyzed within each of the levels of factor A 

ior-cued/non-color-cued treatments). The results of the F tests 
simple interaction effects revealed that the interaction effect 

6 not s ignificant in color-cued treatments (B x C at a1), but was 
gnrrfcant in non-color-cued treatments (Bx Cat az), F (1 1 231) = 
62 £ ~ . 01. In other words, the tests of simple interaction 
ffe~ts indicated tha t the interaction o f simple7 complex treatments 
th inductive/deductive treatments was not significant for 
lor-cued materials, but was significant in non-color-cued 
e.atments. A summary of the results of the tests of simple 
teract ion effects may be found in Table 9. 

e significance of the B x C interaction for non-color-cued 
terial s (a2) suggested further analysis. Subsequent analyses 
nsisted of testing the variation among the cells of a given row or 
~umn of the non-color matrix; that is, testing simple, simple main 
Uects of factors within the non-color matrix. The first set of 
uts of simple, simple main effects focused on factor B 
simple/complex--degree of informative detail). These tests sought 
o determine the influence of factor B at levels a2c1 (non-color, 
nductive), and azc2 (non-color-deductive) . The results of these 
ests of simple, simple main effects may be interpreted with 
eference to the right panel of Figure 3. The test of B at azc1 
evealed that simple , non-color, inductive treatments scored 
gnificantly higher than complex, non-color, inductive treatment s , F 

1,231) • 8.04, E. < .01 (see Figure 3 and Table 9). However, the 
esults of the test of simple, simple main effects indicated that 

re was no significant difference between simple, non-color, 
eductive treatments and complex, non-color, deductive treatments . 

second set of tests of simple, simple main effects focused on 
actor C (inductive/deductive -- mode of verbal presentation). These 
~ts sought to determine the influence of factor C at levels 
2b1 (non-color, simple) and azbz (non-color, complex). 
esults of the se tests of simple, simple main effects may be 
~terpreted with reference to the right panel of Figure 3. The test 

Cat a2b1 revealed a significant difference, F (1,231) • 
2.30, .2. < .001 (see Table 9). Inspection of the appropriate means 
n Figure 3 shows that inductive, non-color» simple treatments were 

~ .025i 1~Perior to deductive, non-color, simple treatments in this test of C 
real 8 

0 
a2b1. There was no significant difference between inductive, 

n-coior, complex treatments a nd deductive~ non-color, complex 
teatments in the test of C at azbz (see Table 9, and Figure 3). 
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Tests of simple, simple main effects were extended to determine 
influence of both factor B and factor C among the cells of a gi~e~ 
row or column of the color-cued matrix. The results of these test 
of simple, simple main effects may be interpreted with reference 
the left panel of Figure 3. The tests of B at a1c1 and B at 
a1c2 were not significant (see Table 9). The tests of Cat 
a1b1 and C at a1b2 were also not significant (see Table 9, 
and Figure 3). 

All treatment group means and standard deviations for the realia 
posttest have been presented on Tables 10 and 11. The realia 
posttest reliability coefficient was rtt • .42. 
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DISCUSSION 

uccess of attempts to improve the general effectiveness of 
8 t ional materials for all subjects was evident in the 

tI£icant findings reportea-Ior both interactions and treatment at 
lt 

realia 
:tlia 

0 ffects for both posttests. Some treatment combinations were 
n :ffective than others for all subjects. Theoretically, this may 

re st that it is possible to utilize instructional materials which 
g~oly allow high-aptitude (field-independent) learners to activate 
cessful processing strategies, but also provide compensatory 
lantation for the reduced capacity of low-aptitude 

~Id-dependent) learners. The need to provide such supplantation 
be most apparent when learners are constrained by the time 

1 nds of an externally-paced presentation in a concept attainment 
kin which concept attributes are not salient. The general 

fectiveness of some treatment co.mbinations for all subjects should 
tbe interpreted as suggesting that prescription of ins tructional 
ia should be made without consideration of aptitude fac tors. The 
e treatment may serve different processing functions for high and 

waptitude groups. These results suggest that instructional 
escription needs to be sensitive to the specific proces s ing needs 
the specific learners for whom materials need to be produced. 
ults from both measures confirmed that learners with 

~ld-dependent aptitude have difficulty with externally paced, 
cept attainment tasks which require the ability to discriminate 

d to generalize. 

general, there was no significant difference between color-cue d 
od non-color-cued materials in both posttests. However, analyses of 
he three-way interactions of all treatment variables revealed that 
he pattern of results in the color-cued treatments differed to the 
rttern of results in the non-color-cued treatments for both 
osttests. These results may support the conclusions of Chute (197 9) 
ndLamberski & Roberts (1979) who have suggested that the 
ignificance of the color variable may be in its possible 
nterre l ated role. 

alyses of simple, simple main effects (realia posttest) revealed 
~t the effectiveness of treatments that were not color-cued was 
reatly facilitated when simple, inductive presentations we r e used . 
at is , non-color-cued, simple, inductive treatments scored higher 

han non-color-cued, simple, deductive treatments , and . 
n-color-cued, complex, inductive treatments. There was no 

ignificant difference between any of the treatments that were 
olor-cued (realia posttest). It is important to note that the se 
ttterns of results for the three-way interaction (realia posttest) 
~ quite different to those reflected by the three-way interaction 

the same factors on the line-drawings posttest. (See Figures 2 
nd 3.) 

hrformance in non-color-cued treatments was not facilitated by 
1~mple, deductive presentation or complex, deductive presentations as 

was on the line-drawings posttest. The superiority of simple, 
l~ductive presentations in color-cued treatments, evident in the 
t ne-drawings posttest, was not revealed in the realia posttest. 
anthermore, simple, inductive, non-color treatments were superior to 

other non-color-cued treatm~jt on the realia posttest. 
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The apparent superiority of simple, inductive presentations in 
non-color-cued treatments may be related to the unique processing 
demands of the realia posttest. This posttest required that lea 
demonstrate concept attainment by correctly identifying realia wh 
belonged to the same concept class. The realia (identification) 
posttest differed from the line-drawings (identification) posttest 
that the realia measur e r equired tha t learners transfer their 
knowledge to identify actual exampl es of t he concept. The process 
required to transfer learning in or der to classify actual concept 
examples appear to have been aided by non-color-cued, simple, 
inductive presentations. In other words, non-color, inductive 
presentations may have freed learners to utilize their cognitive 
restructuring skills and hypothes i s testing s t rategies when 
simplified visuals were used. The inductive treatments may have 
facilitated transfer by actively involving each learner in proces~ 
concept information when used in conjunction with the other two 
variables. The simtle line-drawings may have contributed the 
interactive effecty: (a) directing attention through removing 
irrelevant details and thus reducing t heir counteremphasize r eff~~ 
(b) directing attention to relevant cues and thus delineating 
figure-ground relationships; (c) isolating relevant concept 
attributes; and (d) decreasing abstraction time and effort. The 
functional attributes of simplified visuals may have been of criti 
importance for low-aptitude learners. These field-dependent learn 
may have had difficulty in successfully completing the task when 
non-color, inductive presentations (low in salient cues) were used 
This difficulty may have been accentuated without the addition of 
simplified visuals to isolate relevant details and to direct 
attention. 

Previous resear ch f i ndings provide part ial s upport f or the findinp 
on t he realia posttest. For t r ans f e r tasks, inductive/discovery 
approaches have been found to r esult in s uperior performance 
(Wittrock , 1966; Travers , 1977). As Travers (1977) pointed out the 
advantage of discovery-learni ng woul d seem intuitively to be based 
the importance of encouraging l earners to be more actively involv 
in their own learning. 

Although the three-way interaction of all treatment variables 
accounted for only 1.3% and 2 . 2% of the total variance for the 
line-drawing test and the realia test respectively, the theoreticd 
implications of these findings may be of significant interest to 
those involved in the research and des i gn of instructional materia 
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IMPLICATIONS 

he findings of this study the following skeleton hypotheses 
"' teen proposed as guides for future research and practice 

~ng to aptitude sensitive instruction and the role of attributes 
lat timizing trans fer of training. The findings of this study are 
0~ upon the view that attributes of a mediated stimulus may 
e act with task demands and learner aptitude to enable the 
e~nted information to be processed more efficiently and 

f!ctively by learners of differing cognitive styles. 

In general, field-dependent performance on an externally-paced, 
concept-attainment task may fail to reach an acceptable 
criterion (for both identification/line-drawing and 
transfer/realia posttests) unless materials provide 
supplantation by increasing the salience of relevant cues and by 
providing organizational aids. For example, simple, deductive, 
color line-drawings may have provided supplantation for 
field-dependent learners (on the line-drawings posttest). These 
treatments may have functioned to compensate for processing 
weaknesses by directing attention and by increasing the salience 
of critical concept cues. This may have produced an 
organizational aid to reduce abstraction time and effort for 
field-dependent learners. 

In general, field-independent performance on an externally 
paced, concept-attainment task may reach an acceptable criterion 
(for both identification/line-drawing and transfer/realia 
posttests) even when materials lack organization and salient, 
relevant cues. Nevertheless, performance may be facilitated 
through the use of media attributes which increase the salience 
of relevant cues and provide organizational aids. For example, 
although field-independent learners reached an acceptable 
criterion for all treatments -- simple, deductive, color 
presentation may have provided most appropriate supplantation 
for field-independent learners (on the line-drawing posttest). 
Simple, deductive, color treatments may have functioned to 
actuate appropriate processing strengths, thus reducing 
abstraction time and effort. 

Materials designed to teach a concept may be most effective when 
media attributes are selected with sensitivity for specific 
processing demands of the task as they relate to the cognitive 
styles of the learners. For example, in this study the 
processing strategies of both subject groups were constrained by 
an externally-paced presentation. Simple, deductive, color 
treatments were facilitated for both subject groups (on the 
line-drawing posttest). While this treatment facilitated ease 
of processing for field-independent individuals, it may have 
been of critical importance for field-dependent learners. 
Di fficulty for these learners may have been accentuated by 
presentat ions which demanded ability to isolate relevant details 
and to organize information into concept classes. Improved 
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field-dependent performance in simple, deductive, color 
treatments may be attributed to their supplantation value in 
compensating for these processing differences. Hence, simple 
deductive, color treatments may have facilitated the perfor~ 
of both field-independent and field-dependent groups in 
different ways. 

4. The attributes of color-cueing may have a possible int.errelat 
role in concept-attainment tasks in which performance is 
measured through the use of both line-drawings and realia. 
comparison of the significant three-way interaction 
(color/non-color x inductive/deductive x simple/complex) for 
line-drawings posttest in Figure 2 with the three-way 
interaction of the same variables for the realia posttest in 
Figure 3, will illustrate the potential of the interrelated t 
of color. 

5. In concept-attainment tasks, media attributes can facilitate 
information transfer from two dimensional instructional 
materials to realia. For example, simple, inductive, non-col 
treatments facilitated performance for all subjects in 
treatments that were not color-cued in the realia posttest. 
This effect was not apparent in the line-drawings posttest 
scores. The difference in findings may be related to the uni 
processing demands of the realia posttest which required 
learners to transfer knowledge and to identify actual example 
of the concept (realia) that were taught the line-drawings. 
Simple, inductive, non-color presentations may have freed 
learners to actually utilize cognitive restructuring skills e 
hypothesis testing strategies. These treatments may have 
facilitated transfer by actively involving each learner in 
processing concept information. 

Ease of transfer to real objects may be facilitated by media 
attributes which function to: 

(a) free the learner to utilize restructuring skills and 
hypothesis testing strategies 

and/or 

(b) permit active processing involvement by the learner. 

(c) increase the salience of relevant cues by isolating 
relevant details and directing attention to relevant 
details. Attention may be directed by delineating 
figure-ground relationships and reducing the 
counteremphasizer effect of irrelevant details. 

(d) decrease abstraction time and effort 
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Comments 

antation approaches seek to match the components or variables 
plcontribute to instructional effectiveness. Thes e variables are 
t sented by the learning task (or what is to be l e arned), the 
~er (or the person to !hom instruction is directed) and the media 
ibutes (or how the message will be communicated). Ineffective 

truction fai~to intefrate these three components. In order to 
respons ive to learners processing needs, instructiona l design 
ds to be sensitive to the complex i nterrelationships be tween 

rtables which contribute to instructional effectiveness. By 
~ing t heory into practice, instructional designers may master the 

of developi ng instructional materials that are truely aptitude 
sitiVe • 
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Table 1 

Results of Hartley's Test of Homogeneity of 
Variance for all Posttest Scores 
(Kirk, 1968, p. 62) 

Largest Smallest 
F Variance Variance df - max. 

23.98 7.27 16,13 3.30* 

3.74 1.60 16,16 2.34* 

* .E.. > . 05 
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Table 2 

Analysis of Variance for Scores on Line Drawing 
Posttest Items 

Source of Variance SS 

A Color/Non-Color Treatments 1.106 

B Simple/Cc·mplex Treatments 141.401 

c Inductiv€/Deductive 
Treatments 161. 716 

D Field-Defendent-Independent 
Aptitude 

AxB 

AxC 

AxD 

BxC 

BxD 

CxD 

AxBxC 

AxBxD 

AxCxD 

BxCxD 

AxBxCxD 

Explained 

Residual 

TOTAL 

* 
** 

*** 

**** 

. £ <.025 

£ <. · 01 

£ <.001 

£ <.0001 

816.918 . 

0.017 

6.S91 

0.884 

27.057 

85.416 

2.330 

71. 710 

3.945 

42.299 

10.584 

10.117. 

1407.626 

3099.174 

4506.800 

210 

df MS 

1 1.106 

l 141.401 

l 161.716 

l 816.918 

1 0.017 

1 6.591 

l 0.884 

1 27.057 

1 85.416 

1 2.330 

1 71. 710 

1 . 3.945 

1 42.299 

1 10.584 

1 10.117 

15 93.842 

229 13.534 

244 18. 470 

F 

0.08 

l0.4S** 

11.95*** 

60.36**** 

o.oo 
0.49 

0.07 

2.00 

6.31* 

0.17 

5.30* 

0.29 

3.13 

0.78 

0.75 

6.93 



Table 3 

Swnmary of Variance for Scor es on the Line
Drawings Posttest Items, Including Tests for 
Simple Interaction Effects. 
(Adapted from Keppel, 1973, pp.286-290, 
pp.325-327, pp.360-362; 1982, pp.304-309, 
pp.341-344; and Kirk, 1968, pp.222-224) 

Source of Variance ·SS df MS 

A Color/Non-Color 
Treatments 1.106 l 1.106 

B Simple/Complex Treatments 141.401 1 141.401 

c Inductive/Deductive 
Treatments 161 . 716 l 161.716 

BxC 27.057 'l 27.057 

BxC at al 9.347 1 9.347 

BxC at a2 66.023 1 66.023 

AxBxC 71. 710 1 71. 710 

Residual 3099.174 229 13.534 

TOTAL 4506.SOO 244 18.470 

* £< .OS 

** £< .025 

*** £< .001 

1. al • color-cued 

82 • non-color cued 
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p 

o.os 

1.99 

0.69 

4.87 

5.l 
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F 

o.oa 

10.45 

11.95 

1.99 

0.69 

4.811 

5.30 

Table 4 

Summary of the Analysis of Variance on Line
Drawing Test Items, Including Tests for Simple, 
Simple Main Effects 
(Adapted from Keppel, 1973, pp.290-292, 
pp.326-327, pp. 360-362; 1982, pp. 309-3111 
and Kirk, 1968, pp. 222-223) 

Source of Variance 1 
SS . df HS 

A Color/Non-Color 
Treatlllents 1 . 106 l 1.106 

B Simple/Complex Treatments 141.401 l 141.401 

c Inductive/Deductive 
Treatments 161. 716 l 161. 716 

AxB 0.017 1 0 . 017 

AxC 6.591 l 6.591 

BxC 27.057 l 27.051 

B at al cl 9 . '110 l 9. 710 

B at al c2 55.354 l 55.354 

B at a2 cl 132.046 l 132.046 

B at a2 c2 l 

c at al bl 94.090 l 94.090 

c at al b2 28.896 l 28.896 

c at a2 bl 0.388 l 0.388 

c at a2 b2 146.758 l 146 . 758 

AxBxC 71. 710 l 71. 710 

Residual 3099 . 174 229 13.534 

TOTAL 4506. 800 244 .lB . 470 

* £<.OS ••• E. <. 01 
** E. <.025 •••• E. <.001 

a the mean scores for these cells were equal 

l. al • color-cued 

82 • non-color cued 

bl • simple line-drawing 
--

!. 

0.08 

10.45**** 

11.95**** 

0.00 

0.49 

2 . 09 

0 . 72 

4.09* 

9.76*** 

a 

6.95*** 

2 . 14 

0.03 

10.84**** 

5.30** 

---·- -------- ·---- -· -
b2 • complex line-drawing 

cl -inductive presentation 

c2 • deductive presentation 
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Table 5 

Treatment Group Means and Standard Deviations for Field-Dependent and Field-Independent 
Aptitude (Line-Drawin~ Posttest) 

TREATMENTS APTITUDE· ROW 
_Field-Dependent _Field-Independent 

~ x. (filV A x (SD) D. x (SD) n =- - -~ ,. . 1. Simple, Inductive, Non-Color 10.00 (2.89) 19 13.93 (3. 43} . 15 11.74 (3.67) 34 ,,,,... 

2. Simple,Inductive, · , ·Color 7.27 (3.47) 15 13.85 (2.91) 13 10.32 (4.60) 28 

3. Complex, Inductive, Non-Color 7.88 (3.04) 17 9.75 (3.45) 16 8.79 (3. 33) 33 

4. Complex,Inductive,· Color 8.53 (3.78) 15 10.44 (4.35) 16 9.52 (4.13) 31 

5. Simple,Deductive, N9Il-Color 8.54 (2. 70) ·13 14.47 (3.69) 17 11.90 (4.41) 30 

6. Simple,Deductiv~, Oolor 11.06 (4.07} 16 14.67 (3.75) 15 12.81 (4.27) 31 

7. Complex,Deductive, Non-Color· 9.86 (4. 90) 14 13.80 (3.63) 15 11.90 (4.66) 29 
. 

8. Complex,Deductive, Color 9.80 (4. 34) 15 12.07 (3.83} 14 10.90 (4.19) 29 

COLUMN 9.15 (3.78) 124 12.84 (3 . 99) 121 . 10.97 (4 ... 30) 245 



COLUMN 

TREATMENTS 

9.15 (3.78) 124 12.84 (3.99) 121 

Table 6 

Treatment Group Means and Standard Deviations for Aptitude x 
Degree of Informative Detail x Type of Color-Cueing x Node 
of Presentation (Line-Drawing Posttest) 

APTITUDE 

. 10.97 

Field-Dependent Field-Independent. . 
N X Cfil?.> n. X CAA-> n. X 
~ 
~- A. Degree of Informative Details 

(low) Simple 
(high) Complex 

B. Type of Color Cueing: 
Color-Cued 
Non-Color-

c. Mode of Presentation: 
Inductive 
Deductive 

COLUMN 

9.32 (3. 56) 63 
8.97 (4 . 02) 61 

9.20 (4.13) 61 
9.10 (3.45) 63 

8.50 (3.30) 66 
9.90 (4. 00) 58 

9.15 (3.78) 124 

14.25 (3 . 42) 60 11. 72 
11.45 (4.06) 61 10.21 

12.69 (4.02) 58 10.90 
.12.96 (3.78) 63 11.04 

11.87 (3.54) 60 10.10 
13.80 (3.73) 61 11.89 

12.84 (3 . 99) 121 10.97 

(4 ... 30) 245 

ROW 

(fil2) n. 

(4.27) 123 
(4.21) 122 

(4.42) 119 
(4.20) 126 

(4.04) 126 
(4.38) 119 

(4. 30) 245 



Table 7 

Analysis of Variance of Scores on Realia Test Items 

Source of Variance SS df MS F 

A Color/Non-Color Treatments 0.180 1 0.180 0.07 

B Simple/Complex Treatments 8.036 1 8.036 3.24 

c Inductive/Deductive 
Treatments 8.322 1 8.322 3.36 

D Field-Dependent-Independent 
Aptitude 18.210 1 18.210 7. 35** 

AxB 0.017 1 0.017 0.01 

AxC 3.759 1 3.759 1. 52 

AxD 0.011 1 O.Oll 0.01 

BxC 7.383 1 7.383 2.98 

BxD 0.008 1 0.008 0 . 00 

CxD 1. 242 1 1.242 0.50 

AxBxC 16 . 470 1 16.470 6.44* 

AxBxD 0.046 1 0.046 0.02 

AxCxD 5.608 1 5.608 2.26 

BxCxD 0.928 1 0.928 0.38 

AxBxCxD 4.298 1 4.298 1. 73 

Explained 73.435 15 4.896 1.98 

Residual 572.622 231 2.479 

TOTAL 646.057 246 2.626 

* .E. < .025 

** .E. < • 01 
215 
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F 

0.07 

3.24 

3.36 

7.35** 

0 . 01 

1.52 

0.01 

2.98 

0.00 

0.50 

6.44* 

0.02 

2.26 

0.38 

1. 73 

1.98 

Table 8 

Summary of the Analysis of Variance for Scores 
on Realia Posttest Items, Including Tests for 
Simple Interaction Effects. 
(Adapted from Keppel, 1973, pp.286-290, 
pp. 325-326, pp.360-362; 1982, pp.304-309, 
pp.341-3441 and Kirk, 1968, pp.222-224) 

Source of Variance 

A Color/Non-Color 
Treatments 

B Simple/Complex Treatments 

C Inductive/Deductive 
Treatments 

BxC 

BxC at a
1 

BxC at a 2 

AxBxC 

Residual 

TOTAL 

* R_< .025 

** R_< .Ol 

216 

SS 

0.081 

8.036 

8.322 

7.383 

1.046 

21.378 

16.470 

572.622 

646.057 

df MS 

l 0.081 

1 8.036 

l e -. 322 

l 7.383 

l l.046 

l 21.378 

1 16.470 

231 2.479 

246 2.626 

F 

0.07 

3.24 

3.36 

2.98 

0.42 

8.62** 

6.64* 



. Table 9 

Summary of the Analysis of Variance for Scores 
on Realia Posttest Items, Including Tests for 
Simple, Simple Main Effects. 
(Adapted from Keppel, 1973, pp.290-292, 
pp.326-327, pp.360-362; 1982, pp.309-3111 
and Kirk, 1968, pp.222-223) 

Source of Variance SS df MS 

A Color/Non-Color 
Treatments 0.180 1 0.180 

B Simple/Complex Treatments 8.036 l 8.036 

c Inductive/Deductive 
Treatments 8.322 1 8.322 

AxB 0.017 l 0.017 

AxC 3.759 1 3.759 

BxC 7.383 1 7.383 

B at al cl 0.393 1 0.393 

B at al c2 4.307 l 4.307 

B at a2 cl 19.927 1 19.927 

B at a2 c2 8.491 l 8.491 

c at al bl 0.055 l 0.055 

c at al b2 1.475. l 1.475 

c at a2 bl 30.484 l 30.484 

c at a2 b2 1.037 l l.037 

AxBxC 16.470 1 16.470 

Residual 572. 622 231 2.479 

TOTAL 646.057 246 2.626 

* P. <. 025 
... P. <. 01 

;z17 .... P. <.001 

---- - --- --·- "·-~--· . ·-·---·--

F 

0.01 

3.24 

3.36 

0.01 

1.52 

2.98 

0.16 

l. 74 

8.04** 

3.43 

0.02 

0.59 

12.30 

0.42 

6.64• 
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Table 10 

Treatment Group Means and Standard Deviations for Field-Dependent and Field-Independent 
Aptitude (Realia Posttesti 

TREATMENTS APTITUDE · ROW 
_Field- Dependent _Field-Independent 

. x. (SD) n x (fil?.) . n x cw n , - = -
l. Simple,Inductive, · Non-Color 3 . 61 (1. 75) 18 3.66 (1.40) 15 3.64 (1. 58) 33 

N· . 
..,. 2. Simple, Induct! ve, Color 2.40 (1.40) 15 3.57 (l.60) 14 2.97 (1.59) 29 
C1J 

3 • . Complex, Inductive, Non-Color 2.35 (l.93) 17 2.65 (l.50) 17 2.50 (1 . 71) 34 

4. Complex, Inductive, .color 2.67 (1. 35) 15 2.94 (1.44) 16 2.81 (1.38) 31 

5. Simple,Deductive, Non-Color 1.54 (1-.27) 13 2 . 76 (1.86) 17 2.23 (l. 72) 30 

6. Simple,Deductive, Color . 3.00 (1.26) 16 3.07 (1.07) 15 3.03 (1.45) 31 
. 

7 . Complex,Deductive,Non- Color 2.29 (1.54) 14 3.20 (1.61) 15 ~.76 (l.62) 29 

8. Complex,Deductive,Color . 2.i.3 (1. 36) 15 2.87 (1.88) 15 2.50 (1.66) 30 

COLUMN 2.54 (l.59) 123 3.07 (1 . 62) 124 2.81 (1 . 62) 247 
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Table 11 

Treatment Group Means and Standard Deviations for Aptitude x 
Degree of Informative Detail x Type of Color Cueing _x Mode 
of Presentation (Realia Posttest) 

TREATMENTS APTITUDE 
Field-Dependent Field-Independent . 

···---- ___ _X ____ (fil?..) __ n. ___ _X___ __ (SQ) -~-Il~ ___ ,l 

A. Degree of Informative Detail: 
(low) Simple 2.73 (1.61) 62 3 . 24 (1.65) 61 2.98 
(high) Complex 2.36 (1.54) 61 2.90 (1.58) 63 2.64 

B. Type of Color Cueing: 
Color-Cued 2.·56 (1.35) 61 3.10 (1.63) 60 2.83 
Non-Color 2.53 (1.80) 62 3.05 (l.62) 64 2.79 

C. Mode of Presentation: 
· Inductive 2.78 (i.61) 65 3.18 (1.48) 62 2.98 
Deductive 2.28 (l.37) 58 2.97 (1.75) 62 2.63 

COLUMN 2 . 54 (1.59) 123 3.07 (1.62) 124 2 . 81 

ROW 

(SD) n. 

(1.64) 123 
(1 . 58) 124 

(1.51) . 121 
(1. 72) 126 

(1.61) 127 
.(1.62) 120 

(l.62) ·247 
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ABSTKACT 

A total of 121 third and fourth graders were randomly assigned to 

instructional treatments which each featured a short children's story. 

The treatments were oral-only, picture-only, and a combination of oral 

and pictures. Students saw and/or heard the presentation and were 

tested immediately and after a two-week retnetion interval for recall of 

abstract and concrete presentation content. As expected , the combined 

presentation yielded the greates recall of both abstract and concrete 

content. Oral-only and picture-only presentations were equally 

effective for abstract content , but the picture presentat ion was more 

effective for concrete content. In effect, picture presentation were 

r e latively more effec tive overall than oral-only presentations. 
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Relative Effect~ 

THE RELATIVE EFFECTIVENESS OF PICTURES VERSUS WORDS 

IN CONVEYING ABSTRACT AND CONCRETE PROSE 

The ability to derive meaning from prose is of major importanc, 

classroom learning settings. A large percentage of 

instruction is presented to prospective learners through oral 

prose. Prose learning typically involves different informat 

processing skills from simple paired associate or serial learning ta 

For example, contextual and inferential learning are more 

associated with prose learning than other types of isolated 

tasks. Consequently, much of the non-prose research 

presentation stimuli effects may not be readily generalizable to 

learning tasks. For these reasons, the continued investigation of 

learning effects warrants attention. 

The mythical best audiovisual presentation medium has been purs 

extensively during the past several years. The supplementary effeot 

pictures when applied to oral presentations has also been investigat 

Levin and Lesgold (1978) listed several conditions under which 

facilitate the learning of oral prose: learners should be 

rather than adults, pictures must overlap with story content, 

learning should be demonstrated by factual recall . Researchers 

generally found that pictures are effective supplements to prose ~ 

such pictures are well designed and congruent with prose content 

sequence (Carrier & Clark, 1978; Haring & Fry, 1979; Lesgold, Curtis, 
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veGood, 1975; Lesgold, Levin, Shimron, & Guttmann, 1975; Levin, Bender, 

& Lesgold, 1976; Levin & Berry, 1980; Peng & Levin, 1979; Pressley, 

1977; Rusted & Coltheart, 1979). 

Although the use of well-designed and congruent pi c tures has 

resulted in positive effects on learning when paired with different 

types of prose, the relative information carrying value of verbal and 

picture presentations is unclear. Many researchers who have compared 

the effectiveness of verbal and pictorial presentations of the same 

information have concluded that verbal presentations are generally more 

effective than pictorial presentation. However, these findings are by 

no means conclusive (Fleming, 1979) . Conflicting results have heen 

reported recently (e.g., Rohwer & Harris, 1975 vs. Hannafin, 1981). 

Consequently definitive conclusions regarding the relative effectiveness 

of different presentation stimulu are not readily derived from existing 

research. 

Some studies designed to investigate the relative effectiveness of 

pictures and verbal presentations may have been confounded by loading 

effects, i.e., effects due to differentially loading either verbal or 

visual presentations with criterion information ( Hannafin, 1983). While 

loading bias often reflects accurately a natural weighting of 

information found in many materials, it is unlikely that the potentia l 

of a given medium to transmit information is accurately asses sed us i ng 

such materials. Recently, r e searchers have found that both verbal and 

pictoria l presentat i ons enhance student l earning when each presenta tion 

is systematically and equally loaded with criterion information (Carey & 

Hannafin, 1981) . 
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The type of information to be remembered in prose learning 

warrants further study (Salomon & Clark, 1977). Paivio 

that the most powerful factor that determines how well information 

be remembered is its location on a continuum of 
subj 

abstractness : The more concrete, the more easily remembered; the 

abstract, the harder to remember. Paivio and Foth (1970) 
a pr 

suggested that the concreteness or abstractness of information 

Mate 
with the stimulus attributes of the presentation medium. -
presentations may be more effective than visual presentations 

teaching abstract information and visual presentations may be 

effective than verbal presentations for teaching concrete 
syst 

inf< 
Research findings, however, have not consistently supported • 

hypothesis. Other resarchers have found that although 
Spa< 

presentations are more effective than verbal 
ada1 

communicating concrete information, no significant differences 

between v'isual and verbal presentations in communicating 
sto: 

information (Hannafin, 1981, 1983). The nature or existence of 
dep 

35-· 
and Foth's (1970) postulated interaction between presentation 

relative concreteness of information to be learned, therefore, 

pac 
unclear. 

The purposes of the present student were to investigate 
Cri 

relative effectiveness of different verbal versus pictorial audiovis 

presentations on student recall of concrete and abstract prose. 
of 

stc 

con 
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METtiODS 
~ arning , 

Subjects 

A total of bU third-grade and 60 fourth-grade students served as 

subjects. Students were selected from either of two schools locate<l in 

a predominantly middle-class suburban school district. 
70) 

on 
Materials 

m. 
Three presentations, each depicting an adapted children's text, The 

Wump World (Peet, 1970), were used. Each of the story versions was 
3Y be 

systematically loaded with both concrete and abstract criterion 

information. The Wump World is a high interest, animated story with a 

>Ugh 
Spache graded readability estimate of 4.8. The story was slightly 

1tations : 
adapted to include both concrete and abstract information. The three 

·nces exbt 
presentations i ncluded: ORAL, an audiotape verbal presentation of the 

g abstract 
story; PICS, a 35-mm slide presentation of the text pictures used to 

of Paiv 
depict the story; and ORAL + PICS, a combi nation of the audiotape and 

35-mm lides. 
medium ,1 •' 

e , remai 
Each of the presentation versions was 18 minutes in duration a nd 

paced identically to control student time on task. 

: igate t. 

Criterion Measure 
tudiovisu 

'· 
The criterion measure was a 24-item short-answer test, consisting 

' • 

of 12 items measuring recall of abstract information presented in the 

story and 12 items measuring recall of concrete information. The 

concreteness-abstractness of the test information, where possible, was 
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based on the ratings provided by Paivio et al. (1968). 

coefficients for the 24-item test used in the present study were 

the 12-item abstract scale, .85 for the 12-item concrete scale , 

for the full-length criterion test. 

All test directions and questions were presented and paced 

audiotape. 

Procedures 

Students were randomly assigned to presentation treatment 

assignments. Students then heard and/or viewed The Wump World 
~~~~---~~~ 

accordance with presentation group assignments. Following 

presentation, there was a brief interpolated activity during which 

students stood and stretched at their assigned seats while test 

sheets were distributed to them. 

The criterion test was administered both as a 

recall and also one week after the initial story presentation 

measure of delayed recall and retention. The delayed test 

administered to all students in their home classrooms. 

Design and Data Analysis 

The research design was a completely crossed 3 x 2 x 2 fac tM 

design with repeated measures on both the test scale and 

interval. The three levels of presentation (ORAL, PIGS, and 

PIGS) were crossed with two levels of ability (HI and LO), 

factors were crossed with grade level (THIRD and FOURTH). The 

ability classifications were based upon a median split of student s~ 
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on a group-administered standardized intelligence test. The test s cale 

yielded immediate and delayed scores for concrete and abstract 

information. 

In addition to the immediate and delayed scores for concrete and 

abstract information, a relative effectiveness score was derived by 

subtracting the concrete score from the corresponding abstract score for 

the immediate test, the delayed test, and the overall repeated measure . 

Due to chance ce ll imba lance, resulting primarily from att ri tion, 

students were ran<lomly eliminated from the analysis in order to balance 

the ce 11 sizes. 

Separate repeated measure MANOVAs were conducted for recall and for 

the relative effectiveness scores. In addition , planned orthogonal 

contrasts were conducted for each anticipated effect source. 
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Re 
RESULTS -

Recall Effects st 

The mean recall scores for both abstract and concrete scales 
th 

contained in Table 1. As expected, recall of concrete information 
di 

significantly greater than abstract recall, F(l,108)= 15.83, po 

The results further indicated significant presentation co 

differences, F(Z,108)=13.81,p(.0001, and a presentation ab 

interaction F(2,108)=6.21,p(.005. The ORAL + PICS pres entation 

consistently the 1oost effective for both abstract and concrete 
gr 

The mean scores obtained by the ORAL and PICS presentation groups 
Th 

abstract recall were comparable but the PICS presentation 
di 

significantly more effective than the ORAL presentation for recall 

concrete content. pr 

Expected differences were also found for learne r in 

F(l,108)=13.57,p(.001. HI ability learners consistently out pe r for 
pr 

LO learners across scale, test interval, presentation, and grade 
un 

Grade level effects were also found fo r test 
th 

F(l,180)=4.73,p(.05, and the grade level-by-test scale interat' 
le 

F(l,108)=9.02,p(.005. Fourth grader s consistently, but marginal 

out-performed third graders. The differences were most pronounced ' 

concrete recall, where fourth graders recalled proportionately 

information than third graders. 

Insert Table 1 About Here 
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Relative Effe:_~tivE:_.ness ~~ 

The relative effectiveness scores, measures of the difference in 

student recall of abstract and concrete information, are shown for both 

the immediate and the delayed test in Table 2. The scores indicate the 

direction and magnitude in which differences in learning occurred: 

positive scores indicate greater learning of abstract than concrete 

content; negative scores indicate greater learning of concrete than 

abstract content. 

Differences in relative effectiveness were found for µresntation 

group, F(2,108)=6.21,p<.005, and for grade level, F(l,108)=9.02,p<.OOS. 

The ORAL + PICS presentation yielded greater relative effectiveness 

differences than either the PICS or the ORAL presentation (p< .01). 

Similar differences were found between the PICS and the ORAL 

presentations (p(.01) with relatively greater learning of concrete 

information than abstract information in the PICS and ORAL + PICS 

presentations, and slightly greater learning of abstract infonnation 

under the ORAL presentation. These differences were most pronounced for 

the fourth graders, with relatively greater concrete than abstract 

learning. 

No other significant differences were found. 

Insert Table 2 About Here 
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DISCUSSION 

The present study was conducted to determi ne the 

effectiveness 

concrete and 

of different prose presentation forms on the learning 

abstract prose. The results indicated that 

learning of both abstract and concrete prose was differentially 

by the form of prose presentation. 

The combined oral-plus-pictures presentation yielded the 

recall of both concrete and abstract content. Although this res ult 

expected, the magnitude of the performance difference 

oral-plus-picture presentation and both the oral and 

presentation is noteworthy. As noted by several researchers 

Levin, Shimron, & Guttman, 1975; Levin et al., 1976; Pressley, 

well-designed and congruent pictures are effective supplements to 

or written prose. However, the relative supp lementary contribution 

pictures to oral ·prose or oral prose to pictures has been unclear. 

the present study, pictures were found to be highly 

supplements to the oral prose presentation. The 

presentations resulted in signficantly greate r recall of both 

content and concrete content than the oral-only presentation. 

difference was greatest for concrete content, where the mean score 

the oral-plus-pictures presentation was more than double the 

for the oral presentation. This result suggests that the 

value of pictures, although evident for both concrete and 

content , may be most pronounced for concrete content. 

Performance was also improved through the addition of 
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con~onent to pictures depicting prose. However, the supplementary 

effect of the oral presentation to pictures, demonstrated by the 

performance differences between the picture-only presentation and the 

oral-plus-picture presentations, was less pronounced and more consistent 

than the oral-only versus oral-plus-presentat.lon. The contrast between 

the effects of picture versus oral story supplements suggests that 

well-designed pictures may be more effective supplements to oral prose 

than oral story supplements are to pictured prose. In addition, the 

relative effectiveness of picture supplements may be affected by the 

type of information, concrete or abstract, to be learned from the 

presentation. 

The finding that the systematically loaded picture presentation was 

equal in effectiveness to the oral presentation in conveying abstract 

content is of . particular interest. These findings provide additional 

support for the conclusions made by previous researchers (Hannafin, 

1983). The results could be related to the clarity of each medium in 

communicating abstract or concrete content to learners, since learner 

acquisition undoubtedly is affected by the clarity of the presentation 

medium in conveying the information. Concrete information, as defined 

in the present study, can be presented unanbiguously in both pictures 

and words. Abstract information, on the other hand, may be more 

difficult to present unambiguously in pictures than in words because :it 

tends to be subject to greater interpretation when portrayed in picture 

form. Consequently, student learning from pictures is likely to be 

greatest when the picturability of the content is unambiguous. Thus, 

picture presentations would be more effective for concrete content than 
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for abstract content. 

The manner in which information is represented 

learners could provide a further explanat ion of the 

perf ormanc by presentat ion. Presentations that include combined 

and picture forms typically require less interpretation by 

result in greater learning. In order to produce n verbal response 

demonstrate the recall of information presented initially in 

form only, however, at least two steps are required. The learner 

must encode the picture and then must label the picture verbally. 

presentations do not require a transformation of the information 

one form to the other since both presentation and response modes 

verbal in nature (Kosslyn, 1978, 1980). Consequently, an ordering 

learning outcomes might be predicted based upon the modality 

encode presented information and the modality required to 

response to demonstrate acquisition of information. In the 

study, the presentations that include both oral and picture 

resulted in the greatest learning; presentations that included 

picture forms yielded the next most effective learning, 

presentations that included only the oral form produced the 

effective learning. This pattern was more pronounced for 

content than abstract content, since the difference between the 

picture presentations was significant only for concrete content. 

pattern of performance by presentation group was identical for abst" 

content, although the difference was not statistically reliable. 

suggested earl ier, this could be related to the greater claitY 

pictures in conveying concrete content than abstract content. 
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The res ults of the analysis of relative learning of abstract and 

concrete content within each presentation indicate that the type of 

information to be learned interacts with the presentation medium • 

Educators frequently evaluate the effectiveness of instructional 

products based upon the degree to which intended learning results from 

the use of the products. In the present study, intended learning 

included both abstract and concrete prose content. Students in oral 

presentations recalled relatively more abstract content than concrete 

content, while students in picture and oral-plus-picture presentations 

re called more concrete content than abstract content. The effec.ti veness 

of presentation media, therefore, appears to be affected partially by 

the type of information, concrete or abstract, to be conveyed to 

learners • 

In the present study, a number of issues pertaining to the relative 

effectiveness of different presentation stimuli have been raised an<l 

tested. Certainly, it is unlikely that even the most enthusiastic of 

"picture researchers" will advocate the wholesale scrapping of 

oral-aural instruct i on i n favor of visual-only instruction. It is 

important to note, however, that much of the cognitive psychology and 

human learning literature has also emphasized the functions and 

effectiveness of visual images in encoding, retaining, and decoding 

information for skills ranging from simple list learning to recall of 

prose facts and features. Perhaps the instructional technology 

profession, and the picture research component in-particular, will 

expand the notions of the external stimuli to include the internal 

processing component of learning from pictures. 
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Abstract 

Flashes of insight or mental leaps are commonly associated with 
problem solving. This phenomenon requires careful naturalitic metho
dology with a comprehensive approach that investigates the dynamics of 
a situation to illuminate such factors as prior knowledge, motivation, 
internal and external imagery, perseverance, executive processes and 
problem-solving approaches . It is the belief of this author that ex ·' 
post facto research or experimental research does not allow for the · --- · 
complexity and richness of the interactions inherent in mental imagery 
and the problem solving processes . 

When I attempted to investigate how students solved problems, I 
found that they had verbalized, visualized, added and subtracted infor
mation , and recalled past experiences. Students made internal represen
tations of the puzzles presented to them and then used these internal 
representations for sorting through information, acting out situations, 
rehearsing solutions and keeping track of decisions made in the problem 
solving process. Students also made external representations of their 
internal representations. The external representations were symbols 
of the internal processing and provided a record of decisions made, 
of knowledge discovered and of solutions presented. These kinds of 
external representat ions have the potential to become records of thought 
to share with others in the class; therefore, I felt it important to 
stress to the students the need for externally representing their 
thoughts on the instruments provided . They could then use these external 
representa t ions to share with others the thinking process involved in 
solving various problems. 

After explanation of visual rehearsal, students had the opportunity 
to experience the process . Visual rehearsal, an aspect of mental imagery, 
is the controlled and conscious act of visualizing situations, people 
and behavior for planning for the future . A student might visualize 
the important procedures in a difficult task before actually performing 
that task . Results showed that visual rehearsal helps the individual 
to gain insight and develop problem solving sthemas. With the results 
in mind, I developed several instruments containing visual and verbal 
problems to give training in the use of visual rehearsal and mental 
imagery. 
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Problem Solving 

Technology and change in our society create the need to develop 

better methods tD prepare students for the future. Gregory wrote, 

"These situatiom demand different skills: different ways of ordering, 

handling and se:~i ng objects" (p. 166 ). No longer are remembering 

information or ~eien knowing where to find it enough to keep up 

with ou r changi~g world. An innovative approach to help students 

understand and ·,:repare for the future is the use of mental imagery 

in problem solvrng. Problem solving prepares students for changing 

situati-ons . if we can get students to visualize new situations and 

help them beco!lP- better problem solvers, then we are preparing them 

to take responsi:bi 1 i t y to meet the cha 11 enges of change. Convent i anal 

experimental re<;earch in visualization and mental image ry presents 

us with conflicting findings (Guba & Lincoln, 1982, p. 234). Pai vi o 

(1971) describes. imagery as a photographic reproduct io n of what the 

subject sees. This picture taking of the mind' s eye, he said, is 

a one-to -one cerrespondence to the external event. Penf ield (1975 ) 

supports this ~eory with his experiments involving electrica l prob i ~ 

of the brains (9f conscious patients during brain surgery. Patients 

relived earlier periods or experiences through moving-picture flashbac~ 

These were not dreams but sequential records of the patients' earl ier 

experiences remrded in the brain. However, Piaget and Inhelden (19711 

argue that visw.1 images recorded in the mind depend on the active 

coding and per.a:-pt ions of the subject. Yu i 11 e and Catchpole (1977) 

also believe tmt the active construction of images in the mind plays 

a role in ment.el imagery, that more takes place in a person's mind 

than just a rerording of ext~'2f3 stimuli. Naturalistic inquiry offers 
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an alternative approach for the study of mental image ry and problem 

solving that may provide a more complete explanati on. 

Rationale for Na turalistic Inquiry 

In recent years there has been a growing interest in qua li tative 

or naturalistic methods of research that involve watching, t alking 

to, listening to and participating with subjects in natural settings 

to gain knowledge of an insight into human learn ing and behavior. 

Qualitative resea rch allows for innovati ve styles and methods in collec ting 

broader explanations of phenomena. 

Some critics have said tha~ qualitative (or naturalistic or 

ethnographic) research methodologies are less scientif i c and easier 

to do than quantitative ones . In fact, qualitative researchers have 

the same concer.ns about reliability and validity that quant itative 

researchers have and, far from being easier to do than quantitative 

research, qualitative research can ·be more difficult to do if the 

researchers uphold quality standards. Furthermore, as those in the 

qualitative camp have charged , t he quantitative research methods of 

control of specific variables and manipulation of other specific variables 

lead to possible questions about external validity; that is, the findings 

and conclusions of one experiment with a selected group may not apply 

to another group . Thus, both methods of research have their limitations. 

With the limitations of qualitative research in mind , let us look 

at one method in which students attempted to sol ve problems through 

mental imagery. 

In his book, Pedagogy of the Oppressed, Paulo Freire (1 970 ) 

prov ides an example of this naturalistic approach. Freire used photographs 

with subjects to encourage dial~hich resulted in action to bring 
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about conscienti~ation in the minds of oppressed people. Inherent 

in Freire's approach is the rejection of authoritarian teaching, a 

feeling of trust acquired through learners' participation, the seeking 

of truth and a call for cultural expression and action. Perhaps the 

"human-as-inst~ent" characteristic that Guba and Lincoln (1982, 

p. 235) descri~..d could be met by adopting the Freire . approach . 

Freire (lllf?O) developed a philosophy of teaching and learn ing 

based on the c-cnviction that every human being is capable of looking 

critically at ~s or her world in a dialogical encounter with others. 

Given an active, participatory role in his or her education a student 

could perceive his or her reality and be able to deal with that reality 

with confidence and dignity. The key -to the Freire (1970) approach 

is active, rattier than passive, involvement in learning. 

Particip:ctory learni ng through mental imagery and problem solving 

allows the nattralistic researcher to gain insights into learning 

behavior by eXlfllining students' sketches and discussing them with 

the students. Students often act out or keep track of their internal 

thoughts in m1ier to solve the visual puzzles and verbal problems 

given to them. Students can then use these internal thoughts as data 

to share with rther students. Asking students to become participants 

in problem so·lving allows them to learn how each thinks and l earn 

the steps of .nental processing that lead to finding solutions to the 

problems. 

Mental Imagery in the Classroom 

There i$ a growing amount of research on visualization , mental 

imagery and r.Elaxation techniques that is applicable for naturalistic 
24S 

inquiry. Solllf researchers have useO--the stress-free and fast l earning 
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technique of Ge~rgi Loz anov cal led suggestology (Ostrander & Schroeder, 

1979). Sugge·st~logy is a holistic approach to learning t ha t uses 

relaxation ·and r.nncentration techniques, visualization, Baroque music 

and breathing E*ercises to learn foreign languages, memor ize information, 

improve self-imfge, prepare for sports events and solve intell ectua l 

and emotional p.roblems . Simonton (1978) in his book, Getting Well 

Again, descril:Yes how positive attitude, relaxation, imagery and exercise 

are used for treating cancer patients. Si monton (1 978 ) describes 

how .patients h:rm mental pictures of white blood cells killing cancer 

cells and then carrying them out of the body through the liver and 

kidneys . In fte mind's eye the patients visualized the cancer decreasing 

in size and the body tissue returning to normal. 

Imagery can play an important role in learning . Teaching with 

visualization c1n help students design materials, prepare for presen-

tations, understand and retain information and gain control over t heir 

learning. Vis1.al thinking involves seeing the external wo rld , making 

visual represertations of that world and using the i nne r eye or exercising 

ment a 1 imagery... Menta 1 imagery is the ability to create images in 

the mind to urtlerstand, remember and enjoy experiences. We create 

images in our ~inds to organize, simplify and explain our experiences. 

Our interpretattio ns of those experiences are based on our ability 

to "see" external sti muli and use the "inner eye" to interpret our 

world . 

. The valu~ of imagery is that it can be applied directly in the 

classroom {Fleming & Hutton, 1983). Problems and the act of solving 

·problems are cmnmon experiences in the study of all disciplines. In 

my work, I pla:r to have high school students apply mental imagery 

in a college reading course and ~iliile school students to a science 

, • 
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course. In both cases, I plan to introduce mental imagery and probl em 

solving into the existing curriculum and teaching practice 

interference wi~ the natural setting of the classroom. 

Research Possibilities 

The resean:h on menta 1 imagery and prob 1 em so 1 vi ng wi 11 i nvo 1 ve 

three basic act;1v ities : 1. learning to visualize; 2. using images 

(internal and e.xternal) to solve problems; and 3. using mental 

rehearsal to corouct science experiments or take tests in a college 

reading course . 

I. Learning To Vi sua 1 i ze 

The subje;..rts will see a slide program as an introduction to 

visualization a1rd will learn to se.e and read visual illusions and 

visual symbols ;through the slide program . The stud.ents will also 

learn to communicate visually through overhead transparencies, slides, 

and videota.pes they make . This activity is called the "participatory 

instructional d=sign approach" (Hortin, 1983). 

Participatory instructional design means that students become 

involved in the instructional design process at a more intensive level 

than is usually the case. Participatory design is a sharing of the 

thinking proces·res with the rest of the class -- a "participation" 

from all who are involved in the experience. The students become 

their own instructional designers and learn to make their ideas visible 

with matertals provided by the school. 

Here are six steps that I will ask my students to use in order 

to develop materials for the classroom: 
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d problem 1. Affirm you vfsualization abilities. 

t h min imum 2. Assume a relaxed state . 

3. Read the prcftlem and data you will treat. 

4. Visualize t~ idea, problem or data (internal representations) . 

5. Immediately write down, act out, record, sketch, or design the 

involve images yiru see (external representations) . 

g i mages 

nta 1 

ollege 

n to 

and 

also 

, slides, 

c i patory 

become 

i ve level 

of the 

t ion" 

come 

as visible 

n order 

6. Evaluate the instructional materials as a group . 

Also, I will di£Cuss with the students the practices and research 

on mental image~y of the following authors : 

Arnheim, R. Vi"tual thinking. Berkeley and Los Angeles: University 
of Calif().ITlia Press, 1969 . 

Bry, A. Visualization: Directing the movies of your mind. New York : 
Barnes & Joble Books, 1978 . 

Edwards, B. OriiWing on the right side of the brain . Los Angeles: 
J . P. Tardier, 1979. 

Gregory , R. L. The intelligent eye. New York : McGraw-Hill Book 
Company, T970 . 

Hortin, J. A. ~isual literacy--The theoretical foundations: An investi
gation of the research, practices and theories (Doctoral dissertati on , 
Northern Illinois University, 1980). Dissertation Abstracts 
Internati(imal, 1980. (University Microfilms No . 81-11564) 

Ihde, D. Experrmental phenomenology: An introduction. New York : 
G. P. Pu'trram's Sons, 1977 . 

McKim, R. H . . Experiences in visual thinking. Monterey, California: 
Brooks/Cmle, 1972. 

Patten, B. M. ~isually mediated thinking: A report of the case of 
Albert Ennstein . Journal of Learning Disabilities, 1973, 6 
(7), 15-19; 420. 

Samples , R. Tm metaphoric mind : A celebration of creative consciousness. 
Reading, massachusetts : Addison-Wesley Publishing Company, 1976. 

Wendt, P. R. llie language of pictures . In S. I. Hayakawa (Ed.), 
The Use md Misuse of Language. - Greenw1ch, Connecticut: Fawcett 
Publicat:imns, 1962. 
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Whimbey, A. & W1imbey, L. S. Intelligence can be tau9..b.!. New York: 
Bantam Bomks, 1975 . 

Wileman, R. E. Exercises in visual thinking . New York: Hastings 
House , l~O. 

Williams, L.V. Teaching for the two-sided mind. Englewood Cliffs: 
·Prentice..ffiall, 1983. 

Finally, a shortened version of the Betts' Questionnaire by Sheehan 

(1967) will be given to the students. This instrument measures a 

general abilicy to image in a number of sensory experiences. 

II. Using Images for Problem Solving 

In the.second activity I will show students how to use images 

of the mind f0r problem solving . want the students to "see" s ituat 

internalize v~sually the data given, devise a plan for finding the 

solution and smlve the problem. 

In the · jMst when I have attempted to investigate how students 

solved problem;, I found they verbalized, visualized, added and subtra 

information, and recalled past experiences. Students made internal 

representatio!ilS of the puzzles presented to them and then used these 

i nternal representations for sorting through information, acting out 

situations, rehearsing solutions and keeping track of decisions made 

in the problem solving process . Students also made external represe~ 

tations of their internal representations. The external representat1 

were symbols Gf t he internal processing and provided a record of 

made, of knowJedge discovered and of soluti ons presented. These k in~ 

of external ·.r.epresentations have the potential to become records of 

thought to sh~re with others in the class; therefore, I felt it import 

tostress to tl!re students the need for externally representing their 
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thoughts on the instruments provided. Students could then use these external 

representations to share with others the thinkinq process involved 

in solving various problems . Sample questions from the instruments 

include the following: 

1. If Tom is shorter than Dick, and Harry is tal l er than Dick, is 
Tom taller or shorter than Harry? (Albrecht, 1980, p. 43) 

2. My house faces the street. If a boy passes by my house walking 
toward the rising sun, with my house at his right, which direction 
does my house face? (McKim, 1972, p. 15) 

3. A dwarf lives on the twentieth floor of a skyscraper. Every morning 
he goes into the lift [e l evator], pushes the correct button, 
and is taken to the ground floor; he goes off to work and comes 
back in the evening. He enters the lift, pushes the button, 
and goes up to the tenth floor; he then walks up the rest of 
the stairs. The question is: Why doesn't he go up to the 
twentieth floor in the lift? (Eysenck, 1966, p. 9) 

Most students solved the first quest ion by drawing stick f igures 

and dis covering that Tom must be shorter than Harry. The .second problem 

found students drawing a map to arrive the answer (north). The third 

quest ion caused students to visualize the scene and see that the dwarf 

cannot reach higher than the tenth button on the elevator. 

Another instrument asked students to identify a sequence of 

figures, perform closure exercises, identify hidden figures, judge 

distances of lines and move figures in patterns from one position 

to another . 

III. Mental Rehearsal 

One aspect of mental imagery that students can find useful _ is 

the act of mental rehearsal. Students , like all people, often think 

about the consequences of certain behavior and decide for or against 
2J0 
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that behavior. Since they are accustomed to this process, students 

can learn to use images or scenes in the mind to help t hem 

and plan their school work . For instance, in my future research I 

plan to have the science students mentally rehearse their experiments 

before they perform them and to have the students in the reading coo 

practice mental rehearsal before taking a test. 

I believe that experimental research is limited in describing 

and documenting comprehensively the imagery process and subsequent 

learning behavior . A well thought out research plan involving both 

experimental and naturalistic methodol og ies is the best approach. 

The intention of this paper was t o share some activities for possibl~ 

research with the mental imagery process that involves participation 

by students in a natural setting. 
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Structure As A Source of MeP aing 
Within AudioVisual Messacen 

Denlne l<"l=!rvln 
Dallas January 21, 1984 

In my prP.i;Fmtation, I wlll be discurrning worlc done for my dlssertatlo. 
structural anpectn of televlnlon messages. 1 will provide a brief overvle 
the thPory th?.t underlies my study and a slightly less brief overview of m 
mP.thod.ology and renearch tools, which I believe wlll be of interest to anyc 
doing observational research. I will conclude with a mention of prellmlna~ 
rPsults from my study and recommendations for future research. 

The main focus of my wor!c ls the interaction between structure and cor.• 
ln the creation of meaning. Current theory ln our field holds t hat , ideall 
the medium chos~n to teach must match with the lnformatlon and task to be 
learned, and with the student doing the learning . It ls the structural 
characteristics of a medium, lts particular formal means of communicating, • 
helps to decide lf lt ls used, Thus, for example, lf film or video iB cho 
that decision should be bas~d in large part on their structural element s , t 
ls, on their ability to show motion, juxtapose images, portray action from 
various angles and distances, and so on. 

Gavriel Salomon has done very important work ln this area, found partl 
ularly in hls book, The Interaction of Media. Cognition.· and Learnins. Sal 
own expPrlments and others that he draws upon show that t he structural char 
terlstlcs of a mP.dlum interact with the content of a message and ultimately 
affect meaning. For example, Salomon found that the structural element wit 
film and video whereby the camera zooms into a detail within a larger whole 
conveyed differP.nt lnformatlon than the name content presented using other 
formal characteristics, such as cutting from the whole image directly to the 
detail. 

Salomon concludes that i=;tructural characterist ics can act as both canl 
of information and as information in their own right. Calvin Pryluck ls al 
lnterestPd ln the form of mP.dia in his book, t n 
and Television. He concludes that meaning derives, first, from the intrins! 
propertien of .l!b.ai is recorded by a camera - -the thing in the world; second, 
meaning comes from the ways ln which that .thing ls photographed, ln other we 
the use of structural elements ln its presentation; and, third, meaning deri 
from the interaction between this content and form. 

An example of the interaction between structure, content, and meaning 
nhould make thin clearer. Imagine a film designed to develop young chlldrerr 
self-esteem and self-image . Depending in part upon how the content ls struc· 
turally presented , the film may or may not achieve lt s goal. For instance, 
the children within the film were always photographed from a high angle, as 
they are normally seen by adulto, the aim of improving the self-esteem of yo 
viewers might be jeopardized. That ls, while the film alms to make the audL 
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h11dren feel like important individuals ln their own right, the particular 
f ca.l element of a high angle iG lmpllcltly showing the children within the 
r:ii c; 6ma11 and 1ndgnlf1cant comparP.d wlth adults . Thus, a structural cho-lce 
1~1~ the presentation of the film may rP.lay a messa.ge to the young viewers 
tt connlcts with what the film wants to say. 

hll 

'!'his example points up both the importance of studying the structure of 

gPS and how structure affects meaning. Research into how form actually ssa. ~ 
tffeets meaning, how~ver, han neither been extensive, nor in cor.iplete agreement. 

studies on formal elements such an camera angles do lndlcate an interaction 
tween otructure and content in visuals. Un!'ortunately, such research has only 

kPd at single, isolated elements without regard to the other structural 
racteristics at work in mesoages. 

In my renearch I wa.nted to examine certain of the most important structural 
~ents within televised messages, both as they were individually used, and as 

they combined together. A second concern was to determine if these elements 
used consistently in the aame way, or lf they changed over time. The con

alstent use of formal elements within the presentation of the same content ls, I 
~lleve, fundamental to the impact of that structure. In the example of the film 
\o build self-esteem, the strength of the negative message being sent to a young 
audience would seem to depend upon whether that message was reinforced by struc
ural characteristics other than the camera angle, by whether similar or different 
ssagea were presented within other sources, and by the length of time over 

.tiich the children were exposed to the negative message4 

This examination of structural elements formed the first part of my study, 
nd was based on quantitative data recorded during an observational analysis of 

Yldeotaped me ssages. The second part of my study was to see how that form 
1tteracted with the content of those messages. Thia part of my analysis could 
1Dt be done using a quantitative methodology, but only through a qualitative 
examination of how thP. form and content interacted to create meaning. For both 
the quantitative and qualitative sections of my study I relied on the research 

nt1oned earlier. For the most part, however, my theoretical base and method-
icgy derived from semiotics, which I will discuss shortly. 

As my sample I chose five years of television news coverage by all three 
~~'1-9......,.-..... nclal networks on the fighting in El Salvador. The news stories in my 
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•11plP totalPd 137, with a total time of 2 hours and 48 minutes. The news 
~~rts wP.r~ compiled by the Vanderbilt University Television News Archive. 
~ls choice of sample material came fro~ an lnt~rest ln the formal aspects of 
\elev.talon, particularly television news reporting, and from the ablllty of ouch 
•eainple to provide a series of messages on the sa~e general topic spanning a 
tonBlderable length of time. This allowed a.n investigation -of how structural 
!lements were used at any one time and over a five year period. 

thl Turning now to semiotics, I can provide only a very brief introduction to 
to 8 complicated subject . The concern of aemlotlcs ls signs and the codes used 

organize thooe signs. A sign, according to Charles Peirce, an early 
:l!llotlcian, ls· anything that "stands to somebody for something ln some respect 
Pl capacity. " (quoted in H~wkes, 1977• 126) Thus , a word ls a nlgn, as ls a 

cture. Television messages are composed of a multitude of different signs, 
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organized through various codes . Codes act something like a grammar withln a 
medium. For example, within film and video there exist codes related to edit 
as in the use of a dlaoolve to indicate that time has passed between two sho 
Codes are involved both in how signs are put together to make sense and in h 
they are interpreted. My study focused on the initial part of this comrnun10 
process, on how structural elements were used by newsworkers, those decisions 
being a product of different codes, and how that usage interacted wlth the 0 
tP.nt to affect meaning. 

The first section of my study, then, was to observe and record formal 0 
acterlstics ln a sample of news stories, primar ily in the visual track. I w 
mainly interested in how the structure of visuals affects meaning; the struct 
of the aural track would be studied only in how it interescted with the lmag 
As to the particular formal characteristics chosen, I relied on information a 
general newswork routlnen and on film theory and practice . The elements wete 
grouped under the codP. that deternines their usage. For example, it ls a co · 
editing that decides whether two images will be joined by a cut or a wipe. -0 
taln elements were further clarified, such as that pans were to the left orr 
and tilts were up or down. A partial list of the main formal elements studl 
f'ollowsr 

Editing (cuts, dissolves, wipes) 
Camera Workz 

Angle (high, low, eye-level) 
Movement (pan, zoom, track, tilt) 
Distance from camera to subject 

Visual/Aural combination (e.g. a voice-over) 
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How these formal characteristics were used within my sample of newr, stor lill•2@4J 
was one focus of inquiry . :&J_ually important wafi how these elements interactef 

A 

with the content of the reports to produce meaning, requiring that a certain 'r,,6 sr-~VS F! 
amount of information about what went on in the stories be recorded, Using t 
shot as my basic unit of analysis, I collected data about the main subject, 
act i on, and location of ea.ch shot. The particular categories within subject, e data gathere 
action, and location came from my own interests and from what was found ln tht gorier, ls also \ 
sample, I vlewed approximately one- third of the news stories to determine ii Qbject and strL 
the particular structural elements and content categori es chosen were actual ~me time to lP.a 
being used. Minor adjustments were made on the basiG of what I found. 'benefito lie ln 

and in having a.r. 
Turning now to the actual recording of the data from the videotaped sto11 

it ls obvious that I wanted a great deal of information. I also wanted to r Once data 1 
it in the same sequence and temporal order as it occurred in the reports. F litput contai ns 
example, I wanted to be able to record that the anchor spoke for ten seconds, lnally, a statl 
then a reporter began a voice-over, while four civllianB carried a coffin 1n frequencies and 
:five second shot , and so on. .rcentage of th 

l . 
~no ~ analyzed 

To accomplish such data collection by hand would have been prohlbitlvelt 
time- consuming. Luckily , from work done on video narratives by Professor Ann I am CU!T~n' 
Becker at the Univer s ity of Wisconsln-Madloon, I was aware of a set of tools m my observat. 
can be used to efficiently and with amazing detail record observational data• amP.ra movement, 
These tools were developed by Gordon Stephenson, also at Madi son, lnitlallY t11orks. Fore: 
:field observation of animals . Information about a situation ls entered onto Very nlne and 01 

portable keyboard that sends it via a short cable to a cassette tape recordet• very ten second1 
When filled , these tapes a.re decoded by a computer where the data ls checked 
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rs and undergoes statistical analysis. Stephenson also had plans to adapt 
ro computer programs for use on an IBM perGonal computer and also to substitute 
11 rtable microcomputer using micro-cassette::; for the more bulky keyboard and 
~ette recorder. 

Before taking any data, the researcher must carefully define the situation 
be observed, recording that information in a computer program called Flexyn. 

6 16 a complex process; put very slrnply, the researcher must decide on the 
· am1CG within the observational situation, the logic that underllea lt, and 
~P.Y t hat information to Plexyn. Plexyn then uses that information to check the 

recorded data for errors, giving a fairly detailed description of the mistakes 
Ii encounters• 

I n t he process of recording data, the researcher follows a form of entry 
dlar to the structure of a sentence in English, that lo: aubject-actlon

bject-location. Thun, someone, or something, performs an action, often i n 
latlon to another person or thing, and in a particular place. Besides these 

kelc pieces of information, the researcher can also include the positioning of 
oubject and object in relation to the observer and to each other, and mod

lflers can be added for even more data. 

ThP. data ls entered in bri~f letter and number codes whenever an action 
oecurn, or the situation under observation changes. F'or example, following are 
~plP s from my study of coded entries and their English equivalents • 

The anchor reports to the camera in a medium shot (includes the 
head and torso) 

A government soldier moves right in a medium shot within the 
jungle 

.t a certain 'd/J ~-&&?vs 

.ed . Uslng tm 
Five civilians stand facing left on a village street, ln a 

long shot (includes the entire body) 
.n subject, 
-hln s ubject, 
, found ln the 
determine lf 
were actuallt 
'ound. 

. eotaped st or 

T'ne data gathered need not be as dense as the above and deflnltlon of the cate
gorlen is also very flex! ble . For instance, I designated the news ca:nera as a 
subject and structural elements such as pans and zooms as actions. It does take 
sime time to learn the use of the keyboard., as well as the coding procedure. The 
benefit s lie in the amount and richness of the data one ls able to record. qulckly 
and in having an error-detect or for that data as well • 

wanted to r OncP. data ls gathered, the tapeB are decoded on a computer and the resulting 
reports . For tUtput contains descri"tptions of any errors made, which can then be edited out. 
ten seconds, Plnally, a statlntical program ls used , offering such information as total 
a coffin ln a f?t.q_uencies and durations, as well as high, low, and average duration, and the 

~rcentage of the total time taken up by each variable. The data collected can 
alco be analyzed using other computer programs, such as SPSS. 

irohi bltlvelY 
>rofessor Ann 
1et of tools 
ttlonal data• 

initlallY 
mtered onto a 
.ape recorder• 
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r I am currently in the process of working through the e~ormous a.mount of data 
l'Om my observational study. To touch on only one structural element analyzed, 
:~P.ra movement, I have found both slmllarltles and differences among the three 

works. For example, ABC has the camera either pan, zoom, track, or tilt 
~ery nine and one-half seconds, while CBS, and NBC use ca.mera movement about 
every t1m secondi;. More specifically, ABC and NBC use the same number of zooms, 
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whlJ."' CBS usAs morA. Row t~Ase zooms are used within the news stories lo 
' evP.r, similar across thP thr~e nP.tworks. Generally, a zoom .ln focuses on a 

jPct of a shot, or on a symbolic detail, such as a bombed building or a left 
banner. Zooming out lnvol v,,.s the opposite procesn as the camera first foe 
a detail and then wldenR out to place. it into context. The basic qu~otlon 
study is what effect does a structural element such as a zoom in or out have 
the particular content it conveyes. 

Thus, my study ~oves from a quantitative analysis of the use of formal 
elements within the news reports to a qualitative examination of how these 
acterifltics interact with the content they convey. It ls in this interact.ie, 
between form and content that, as Pryluck concludes, meaning arisen. To an~ 
this interaction I rP.lled upon semiotic theory, particularly on the concepts 
denotation and connotation. 

Thene twin concepts involve how form and meaning operate within mesnag~ 
Very simply put, every message haB two levels of meaning, the denotative altd 
connotative, which are inextricably intertwined for receivers of mecsages. 
denotative level includes the overt form, content, and meaning of a messag~. 
example, a picture of a child on the denotative level means simply that part 
child, at that particular point in time. Connotative meanings derive from t 
denotative level, but are more diffuse and covert. Connotations result f?1)m 
interaction of form and content on the denotative level. For example, if :the 
picture of the child ls taken from a high angle, the connotations will be di 
from thoM ln a picture of the same child taken at eye-level. The primary 
theorist ln semiotics to advance the idea of connotations was Roland Barthee, 
although the general .concept of lmpllc1t meaning ls widely held within media 
criticism. 

The leap from statistical data drawn from observation to interpretation 
lmpllclt meanlngn may seem a fairly precarious on~. Within semiotic theory, 
ever, it ls not only justifiable, but necessary to examine both levels of me· 
that go to make up the total meaning of a message. Semiotic theory holds th~ 
thene two lev~ln a.re inseparable, are two levels of the same phenomenon and 
fore must both be studied. My study assumes that examining messages both quar 
titatlvely and qua.lltatively ls more complete and fruitful than using either 
methodology alone, offering a richer analysis of the interaction of form, co~ 
tent, and meaning. 

In conclusion, I would like to point out that my study ls only the· first 
part of a truly complete analysis of how structural elements function and the 
effect on meaning . It is also necessary to study audience reaction to these 
elements and, in doing so, attempt to take into account all levels of mean!~ 
inherent ln messages. In addition, a concern for the implicit meanings wlthll 
media as a function of form ls not the province of theorists and researchers 
alone. If, as I have argued , meaning .in affected by the interaction of contei 
and form, then we as educat ors must be as aware of the form of a message as~ 
are of lts content . 
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INTRODUCTION 

The widespread use of microcomputers in schoo l s which began 1 
the first part of this decade signalled a new era for educati 
computing research. Before this movement, most studi es of 
computer-based instruction were limited to large-scale, 
centralized projects such as the Stanford math a nd reading 
(Fletcher & Atkinson, 1972; Suppes & Morningstar, 1972), Comp 
Curriculum Corporation, (Lysiak, Wallace & Evans, 1976; Crand 
1977; Holland, 1980 ), Control Data PLATO (Alessi, Siegel, Sil 
& Baines, 1982-83; Poore, Qualls & Brown, 198 1) , and TICCIT 
(Jones, 1978) programs. These studies were usually performed 
grant-funded projects with a research and evaluation componen 
built into them. But with the acce.ptance of l ow-cost comput i 
in schools and . the explosion of new computer-based materi als, 
opportunities for research in this area have greatly expanded 
changed in nature. Small school and classroom-based progr ams 
have been started throughout the country. Not only do studies 
these programs have the potential for making a s ign ificant 
contribution to the field, they are, in fact, essential if we 
to make any progress in establishing the usefulness o f new 
computer-based methods and materials . 

However, since the focus of these educational computing projee 
is often implementation rather than research, at least two 
factors are likely to inhibit systematic studies of their 
activities. First, there are practical difficulties in arra~ 
research studies with the traditi onal randomized two-group 
designs in these settings. Secondly , project personne l usual 
lack the expertise to employ other effective desi gns and anal 
the resulting data. If we are t o take ad vantage of the valuall 
information a vailable from classroom computer projects, 
alternative designs to study computer-based activities must be 
employed, and "cookbook" data analysis methods for each de s ign 
must be made widely available. This paper will: 

• Present five desi gns (three one-group and t wo two-gr ou~ 
which can b e effectively employed to study computer-based meth 
when a randomized two - group experimental des i gn is not pract ic 

• For each design, g ive examples of research studies whid 
effecti vely employ such designs, 

• Supply example utility programs and procedures which can 
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be used by persons with limited training in statistics and 
research methods to analyze data resu l ting from these 
non-traditional designs, and finally, 

Page 2 

• Give a decision flowchart and describe how to select the 
most appropriate non-traditional design for one' s project. 

FIVE NON-TRADITIONAL RESEARCH DESIGNS 

oesign #1: Sequential Analysis 

sequential analysis techniques originated almost forty years ago 
(Wald, 1947), but, with few exceptions, they have been used for 
quality control of products rather than to analyze results of 
research studies. However, they can also be used to construct an 
effective behavioral research design. In such studies, all 
sequential analysis techniques would employ the same strategy: 
(a) an observation would be made (e.g. one or more students are 
tested on some skills) , ( b) the results are recorded on a chart 
or graph developed for this purpose, and (c) by reading the 
chart, a decision is made to accept the null hypothesis, to 
accept an alternative hypothesis or to make another observation. 

This technique has many advantages for computer-based studies 
besides not requiring a control group. Its principal advantage 
is efficiency. As a sampling technique, it can allow decisions 
to be made with as much as 50% fewer observations than would be 
required for procedures in which sample size must be specified in 
advance. This makes it an ideal choice when the number of people 
which can be tested on the materials is limited by factors such 
as the number of compu ter s available or by cons traints such as 
not being able to ge t the whole student group at one time or the 
expense of the treatment. 

There are some limitations on when it can be effectively used. 
Since there is no control in this design for prior learning, it 
is better to use it when there is little likelihood that students 
would be able to do the skills involved before exposure to the 
materials, as with programming concepts or verbal information 
drill such as in social studies or history. It is also desirable 
that the skill units be relatively short, to cut down on effects 
due to maturation and history (Campbell and Stanley, 1963). If 
the materials under study are lengthy, they can be divided up 
into short units, and a sequential analysis can be done on each 
one. This technique is also most useful when teachers want to 
make an absolute judgement about materials ("Are these 
computer-based lessons effective?") rather than a comparative one 
("Are these le ssons better than non-computer lessons?") 

Example of sequential analysis use. A typical study using 
the sequential analysis method is currently being undertaken by 
the U. s. Army to eval uate the effectivene ss of 
microcomputer/videodisc training materials. The modules were 
designed to teach specialist students to perform a lengthy and 
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expensive procedure for testing the purity of jet fuel. No 
training is currently being given, so no control condition is 
available. Effectiveness is to be defined in terms of the 
proportion of students who successfully complete the simulat 
task in no more than two trials. Based on the experience of_ 
faculty of the school in training similar students on similac 
tasks, that proportion is determined to be at least .80. Aft 
this proportion is set, the following steps are to be complet 

STEP 1: Settin ualit level 
Since absolute accuracy in judging instructional quality can 
be achieved with a sampling technique, the success proportion 
(.80) must be translated into a range of proportions which de 
acceptable and unacceptable instructional quality. In this 
instance, the range is set at .80 plus or minus .10. The 
Acceptable Quality Level (AQL) or the proportion of the 
pop u 1 at i on w h i ch i n d i ca t es accept ab 1 e qua 1 i t y , i s • 9 0 • I f 901 
more of the students in the population can meet te success 
criterion, the instruction is considered to be of high qual1t 
and accepted for routine use. The Rejectable Quality Level ~ 
or the proportion of the population that indicates unacceptaa 
low quality, is .70. This means that if only 70% or fewer of 
students can meet the success criterion, the instructional is 
rejected as unacceptable. If the proportion alls between .70 
.90, the instruction is of questionable quality. 

STEP 2: Setting risk parameters and proportions - The 
probablity of rejecting high quality instruction (alpha) and 
probablity of accepting low quality instruction (beta) must ~ 
set. Because obtaining high quality instruction is very 
difficult, the probability of rejecting wrongly it must be ~r 

low, thus alpha is set at . 01. Mistakenly accepting low qua li 
instruction for quality instruction is not deemed to be very 
serious because it can always be remedied later, thus Beta is 
at .10. One more calculation is necessary. Since sequential 
analysis was originally designed to detect proportions of 
defective units, p(l) and p(2) must be calculated, respectin l 
as 1-AQL and 1-RQL. 

STEP 3: Construct Characteristics Curve (OC) 
Average Sample Size Curve (ASN) and truncation number - Now we 
have all the values to construct (a) an OC Curve, which wills 
the probability of rejecting or accepting the null hypothesis. 
any true value of the success proportion under consideration 
(given the specifications of the test), (b) the ASN, which gi 
the average number of observations needed to reach a decision 
any true value of the success proportion and (c) the truncati
number, which is the largest sample size that could be needed 
make a decision without altering the risks the experimenter is 
willing to accept. Figures 1 and 2 illustrate the OC and ASN 
curves with sample data. The truncation number is 113. The 
slope and intercepts for the lines in the figures, as well as 
truncation number, are calculated from the values deri ved or~ 
in Step 1 above. (For further directions on how to calculate 
values, see Wald (1947), Burr (1980) or Epstein (1979). 
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[Figures 1 and 2 about here.] 

Figure 1 (the OC) shows that, for very high quality instruction 
(p <.10), the probability is almost 1.0 that it will be accepted 
(i . e., the null hypothesis that p > .30 will be rejected). For 
very low quality instruction (p < .30) the probability of 
rejecting the null hypothesis (i.e., accepting the instruction) 
drops from .10 to almost zero as p increases. For values of p 
between .30 and .10, the probability of rejecting the null 
hypothesis varies from .99 to .10. If the population proportion 
is .20 (1-.80), for example, the probability of rejecting the 
null hypothesis is about .64. 

Figure 2 (the ASN curve) shows that the largest average number of 
observations (38) required for a decision to be made occurs when 
the population proportion (p) is equal to .20. Asp varies on 
either side of .20, the ASN decreases. The truncation number 
represents the worst possible case in which 113 subjects would 
have to be observed before the null hypothesis would be accepted 
or rejected. 

STEP 4: Construct graph for recording observations. The 
graph for recording observations contains three zones 
corresponding to the three possible decisions which are 
considered each time an ob~ervation is made (to reject, accept, 
or take more samples) . The actual decision choice is determined 
by the pattern of recorded data. A graph of sample data is shown 
in Figure 3. 

[Figure 3 about here.] 

The data were placed on the graph in the following way. The 
first student is tested and if the student passes, a line is 
drawn horizontally from 0 to 1. If the student fails, a 
horizontal line is constructed from 0 to 1 and a vertical line 
drawn from 1 to 1. Both points are in the zone la be led "continue 
sampling," so another student is tested and the results placed on 
the graph in the same way. This process continues until either 
~he bottom line is crossed and the decision is made to accept the 
instruction (reject the null hypothesis), or the upper diagonal 
line is crossed and the decision is made to reject the 
instruction (accept the null hypothesis). If sampling continued 
until the truncation number was reached, the instruction would be 
accepted if the last point were nearer the bottom diagonal than 
the top diagonal, or it would be rejected if the opposite 
Prevailed . In Figure 3, the first eight students passed, the 
ninth failed, the next six passed, and the decision was made to 
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accept the instruct ion . 

Program to do sequentia l analysis calculations. 
program to do the necessary calculations mentioned in Step 3 
a bo ve is given in Appendix A. The experimenter must ente r A 
RQL, alpha and Beta. The program can produce: 

1) The intercepts and slope for both the upper and lower 
lines of the acceptance/ rejection regions. 

2) The truncation number 
3) A table of values of the coordinates to plot an OC. 
4) A table of values of coordinates to plot an ASN curve, 

Desi gn #2: Value-added Analysis 

The basic idea underlying this model is that the effect of a 
treatment can be est imated by comparing the average observed 
growth between pretest and posttest with the estimated growth 
whic h is expected to occur in the absence of a treatment (Br yk 
Weisberg, 1976). An unbiased estimate of the estimated growth 
rate can be provided via ordinary least squares regression of 
pre-test on the subject's age, if age at the time of pretest i 
not related to systematic growth. When growth {estimated fro~ 
cross-section of the total population) is not linear, 
transformations must be made before value-added analysis can~ 
completed. 

Many computer-ba~ed treatments deal with such areas as read1~ 
and writing skills, motor skills development and increasing 
problem-solving ability through use of tools like LOGO. Study 
such treatments is difficult because treatment must extend M 9 

long period of time in order for Measurable differences to oc9 

giving rise to the possibility of effects due to maturation a~ 
history. The value-added analysis is ideal for research into 
these long - term activities since it controls for these effects. 

Certain conditions must, however, be present. An independent 
variable which can be measured without error {i.e. chronoloStJ 
age) must be available, and it must be correlated with pretest 
scores. Also, a large enough number of students must be 
available to be able to do a product-moment correlation. 

Example of value-added analysis use. This procedure was 
used in a study of a microcomputer-based reading and writing 
program in grades K-1 (Garretson, Vertuno, King and Roblyer , 
1982). All students in these grades (approximately 100) were 
receive the computer-based instruction, which was to take pl•~ 
over the school year. Several measures were used to measure 
s kill levels, including a Nonsense Words Test devised by the 
school r e source teacher, and sever a 1 subtests of the Cali forn :a 
Test of Basic Skills. The value-added analysis was used with 
Nonsense Words Test. (Ana 1 ys is methods for the other test wi ll 
be discussed later under another design .) The following steps 
were completed: 

STEP 1: Estimate of growth rate. First, an unbiased 

265 

prac tical ! 

estimate o 
prete~t . sc 
coef f ic ien 
following 

-(1' where Y . 
at pre an< 

to determ 
natural g 

where y(~ 

Un for tun< 
Bryk et . 
(Mostell 
statisti 
for each 
points, 
is an un 
calculat 
interva] 
followir 

To incr 
describ 
variabl 
is done 
interac 

SI 
prograr 



A Uti lt 
Step 3 

?nter llQL 

l d l ower 

:i n oc. 
3N curve, 

; t Of a 
) Ser •1ed 
3 growth 
rn t (Bryk 
:?d growth 
rnion of 
?retest !I 
:i ted fr om 

:> is can tt 

:; readi ng 
:?asing 
) . Study 
<tend over 
: s to occ 
: ation an~ 
: ch into 
: effects. 

:pendent 
: onologica 
1 pretest 
be 

) n. 

lure was 
vriting 
)blyer, 
J0) were t 
:ake pl ace 
:ieasure 
by the 

:al i for n,a 
;ed with 
test will 

.ng steps 

>i ased 
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es timate of growth (G ) was ob tained. This is done by regressing 
retest scores on age and using the resulting regression 
~oefficient (b) as the estimate of growth rate, then using the 
following formula: 

G = y 
1 

+ b(a 
2 

where y(l) is the pre test mean and a(2) 
at pre and post test times. 

a ) 
1 

and a(l) are the ages 

STEP 2 : Calculate value added . Use the following formula 
to determine the effect of the treatment, taking into account the 
natural growth of students over time: 

V = y - G 
2 

where y(2) is the post test mean. 

Unfortunately, no test of the significance of V exists. However, 
Bryk et al. (1980) po inted out that the jack knife technique 
(Mosteller and Tukey, 1977) can be used to provide a test 
statistic. It involves the computation of a pseudo- value (V*i) 
for each individual in the sample , treating these values as data 
poi nts, and calculating their mean and standard errors . The mean 
is an unbiased estimate of V and the standard error a l lows the 
calculation of a t - test (df = N-1) for significance testing or 
interval estimation. In the K-1 stud y, this yielded the 
following r esults: 

v = 35.3 21.3 = 14.00 

t ratio = 5.36 p < .05 

To increase the precision of this model, Bryk et al (1980) also 
describe how it can be extended to incorporate background 
var iables that may be related to individual growth rates. This 
is done by regressing the pre test on age and the first order 
interactions of age and each background variable. 

SPSS procedure to do calculations . The listing of an SPSS 
program to do the above calculations is shown in Appendix B. 
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Design #3: Non-equivalent Dependen t Variables 

This design involves one gro up of subjects to which two (or 
variables are administered as pretests. Performance on one 
the variables is expected to change as a resu l t of a treatme~ 
while the others are not expected to change (Cook and Campbel 
1979). Such an approach has two advantages. First, no 
non-treatment control group is needed, since performance 
variable acts as a control for the other. Second, older 
can be used since, unlike the value-added analysis, no 
independent variable such as age is required. The basic 
is diagrammed as: 

0 x 0 
lA A 2A 

- - - - - - - -
0 0 

lB 2B 

where 0(1A) and 0(2A) are pre and post tests for the variable 
that is hypothesized to be affected by the treatment and 0 (lB) 
and 0(2B) are pre and post tests for the variable hypothesiz~ 
not to be affected. 

In order to be sure this design will be credi ble for the 
situation, the r eaearche r must (a) specify in advance which 
variables are expected to change and which are not; (b) 
demonstrate that differential change is not due to different1a 
reliability of measures or to ceiling/basement effects; and {~ 
use variables which are conceptually s o similar that both wo~d 
be equally affected by the same threats to internal va lidity, 
namely maturation and t e sting. 

For example, suppose a school wanted to evaluate a computer -~ 
module on bi rds and mammals, and they also had avai lable a t e& 
on reptiles . Students could be g iven pretes ts on both units, 
instruction on the bi r ds and mammals units only, and then post 
tests on both units. If statistically and educationally 
significant changes oc c ur on the b irds and mammals unit but not 
on the reptiles test, the birds and mammals unit is judged to 
ef fective. Of course, they would have to be satisfied that tM 
reptiles test was no t more unreliable that the other one , and 
that students wer e not already scoring at the ceiling of the 
repti les test at the time they were pretested. In addition , 
investigators would have to be satisfied that the change in t~ 
b ird and mammals test was not due to some learning experience 
other than the modules, such as a telev ision show about this 
topic dur ing the trea tment period. 

Cook and Campbell (1979) point out that this bas ic design i s w 
because it is hard to be certain that al l conditions neces sarY 
for its val id ity have been met. However, it can be made much 
stronger by increasing the number of measurement " waves" or t ne 
number of variables . This also presents an excellent design 
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evaluating two or more modules at the same time. In this 
expanded design, instruction on one variable is given, followed 
oy testing on all variables. Then instruction on the next module 
15 g iven, followed by testing on all variables, and so on. This 
design may be shown as: 

0 x 0 
lA A 2A 

etc. - - - - - - - - - - - - -
0 0 x 0 

lB 2B B 3B 

If the expected pattern of change occurred, the conclusion 
concerning the effectiveness of both units would be relatively 
strong . If the expected change between 0(1A) and 0(2A} occurred 
but the expected change between 0(2B} and 0(3B) did not occur, 
the conclusions about the effecti veness of either unit would be 
uncertain . Steps in analyzing data from such a design are as 
follows: 

STEP 1: Determine pre-post differences. Means are 
determined for each groups' test results and a difference 
calculated between each: 

D = 0 
1 2A 

0 
lA 

D = 0 
2 2B 

0 
lB 

D 
3 

0 
3B 

0 
28 

STE P 2 : Determine significance of differences . A t - test 
is done between each pre and post test pair to determine if post 
test scores were significantly different from pre test scores. 

ST EP 3 : Compare results or groups. If D(l) and 0(3) are 
significantly significant and 02 is not, the instruction for the 
two modules under consideration can be said to be effective. 

Berquist and Graham (1980) expanded this design to allow the 
evaluation of instruction of many objectives over many waves of 
measurement. Their design is sho wn in Figure 4 bel ow. They 
point out that this approach is useful to evaluate instruction 
with single students as well as groups. 

[Figure 4 about here . ] 

If more than one unit of i nstruction is to be evaluated and the 
gro up is sufficiently large (e.g. 60 students), this design can 
be conve rted to a powerful true experimental design wh ich does 
not require a non-CAI control group. Where instruction can be 
i ndividually administered to each student (as with CAI), the 
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following design could be used: 

R 0 0 x 0 0 
lA lB A 2A 2B 

R 0 0 x 0 0 
lA 18 B 2A 2B 

Here, students must be randomly assigned (R) to treatment gr 
(Xa or Xb) and pre and post tested with both unit tests (01A 
018) • 

Example of true experimental design involving 
non-equivalent dependent measures. One study using this de~i 
as part of its total evaluation program was the ETS/LAUSD stu 
of computer-assisted instruction and compensatory education 
(Ragosta, Holland and Jamison, 1982) . Schools in the Los Ange 
Area School District used math and language CAI available fro 
the Computer Curriculum Corporation. In Grade 4 students wert 
randomly assigned to receive two sessions of CAI daily. They 
received either: (a) two sessions of mathematics (MM), (b) ont 
session of reading and one of language arts (RL, or (c) one 
session of mathematics with one session of reading or languag 
a rts on alternate days (MRL). All students were pretested in 
fall · with the Iowa Test of Basic Skills (!TBS) and a 
curriculum-specific test (CST) in mathematics, language and 
reading. They were posttested the next spring with the 
California Test of Basic Skills (CTBS) and the CST . Thus, t~ 
students were controls for evaluating the effectiveness of t• 
levels of mathematics instruction (MM and MRL), while the MM 
students were controls for the evaluation of two levels of 
reading (RL and MRL). A regression analysis was used to anal 
the data. These analysis procedures are the same as those u· 
in Design #4 which follows. 

Th is design is really better in some ways than one having a 
non-CAI control group because it is a better control for 
Hawthorne effects. The novelty of the CAI experience is the 
for both groups so that the computer aspect alone cannot be 
expected to produce significant achievement differences betw 
groups. 

Design #4: Regression-Discontinuity 

Although this is the one design which actually calls for a 
no-treatment control group, the regression-discontinuity des! 
is especially useful when compensatory or enrichment prograws 
to be evaluated. This is so because of its requirement that 
students be pretested and all students below (or above) a cer 
percentile be placed in a trea tment group Al 1 those above (ot 
below) the cutting score (i.e. those who would not be elig1bU 
for the program anyway) comprise the control group. At the~ 
of the tr e atment time, the postest is admi nistered to all t~ 
who received the pretest , and a "dummy" treatment va riable 15 
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practical Strategies . ... (King & Roblyer ) Page 10 

constructed by assigning a score of "l" to each member of the 
treatment group and a "0" to each member of the "non-treatment 
group." Finally, a regression analysis is done using the 
following model: 

Y = a + b T 
1 

+ b Pre 
2 

where Y is the adjusted posttest score, T and Pre are the 
treatment and pretest variables, a is the regression intercept, 
b(l} is the difference between the adjusted means of the 
treatment groups, and b(2) is the regression coefficient for the 
pretest. If b(l) is statistically significant, the treatment is 
ef feet i ve. 

The principal advantage of the regression-discontinuity design 
over other quasi-experimental designs is that it is not biased by 
errors of measurement in the pretest. That is, in the absence of 
a treatment effect, the expected posttest adjusted mean 
difference is zero. That is not true in designs in which unknown 
selection variables operate in the formation of treatment and 
control groups. 

A primary disadvantage of the design when compared to a 
randomized treatment-control group design is that it has low 
power in being able to reject the hypothesis of no differences 
between groups. If a randomized design used a sample of 100 
subjects, the regression-discontinuity design would require 275 
subjects to have equal power (Reichardt, 1979). In addition, if 
one of the groups is relatively small, the estimate of the 
regression of post test on pre test for that group may be 
unstable. 

Two other precautions should be kept in mind when using this 
design. First, the process of assigning students to groups 
should be done without error. If the pretest is to be used as 
the covariate in the analysis, selection should be based on it 
only. If other sources of information, such as teacher or parent 
judgements, are used in addition to or instead of the pretest, 
the analysis may be seriously biased. Huitema (1980) gives 
procedures for dealing with multiple sources of information in 
the assignment process. The second precaution in using this 
design is that non-linear relationships between pre and post 
tests, which result from selection-motivation factors, may cause 
spurious treatment effects to occur. Reichardt (1979) suggested 
that the first step in analyzing the data from this design should 
be to plot the raw data to see what relationships are suggested. 
If non- linear or interactive effects are suggested, the analytic 
model given previously can be expanded in an attempt to account 
for them . 

Example of regression-discontinuity use. Although no use of 
this design is available from the l iterature, an example of a 
data file, an SPSS procedure file and the results from this 
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procedure are'given in Appendix D, along with steps for 
completing the procedure. 

Design #5: Cohort Design 

Cohorts are groups of persons who follow each other through a 
institution. For example, last year's first graders are coho~ 
of this year's first graders. The cohort design compares the 
performance of students in a treatment group with their coho~ 
that did not recei ve the treatment. This design is especially 
useful in evaluating the effectiveness of newly-installed, 
year-long computer-based programs where it is not feasible to 
withhold the program from some students in order to have a 
control group. The design makes the assumption that student 
cohorts are compa rable in most respects, and that differences 
between -them on a dependent variable can be attributed t o a 
treatment administered to one of the groups. 

In its simplest form, the design is as follows: 

0 
1 

0(1) represents, for example, a final achievement measure of 
students in a certain grade in a given year, and 0(2) represe 
the same final achievement measure of students in the same gr 
the year after that after having received some instructional 
treatment. If a t-test of the differences between means of 
independent samples yields a statistically significant result, 
and that difference is large enough to be considered 
educationally significant, the treatment is said to be 
successful. 

A disadvantage to this design is that its use depends on the 
yearly availability of appropriate equivalent measures. Al~, 
Cook and Cambell (1979) indicated that the design in this fon 
weak because differences between the two groups (other than l 
treatment) could cause a difference in achievement (selectio~ 
Events other than the treatment could depress achievement for 
control cohort or enhance it for the treatment cohort (historf 
Variations in testing conditions or procedures could also be 
responsi b le for differences in performance. The design can~ 
strengthened by adding a pretest if it is available. This 
augmented design is shown as follows: 

0 0 
1 2 

0 
3 

x 0 
4 

The pretest cou ld be an end-of-year test or one that is 

271 

practica l Str 

administe red 
regressi on an 
regression-di 
student would 
the cohort fr 

Example 
and King (19f 
reading and v 
IBM, Inc. AJ 
subjects, anc 
treatment fr< 
both the tre; 
used as a pr• 
first grade 
score (prere 
Basic Skills 
and first gr 
performed as 

STE 
means andst 
were determi 

Tr 
f' 

Reading l' 
Pretest 

ST! 
actually in • 
here since 
them. The 

Var 

Tre 
Pre 
Int 

Data for th 
comparing t 

Tre 
ME 

Reading 6~ 

The result~ 
effect. Tl 
Value-adde1 



for 

t hrough an 
are coho 

pares the 
e i r coho.ru 
especially 
al led , 
as i ble to 
have a 

student 
ff erences 
ed to a 

asure of 
) represer. 
e same gr 
uc tional 
e ans of 
n t result, 

be 

s on the 
es. Also 

this for• 
er than t 
selection). 
ement for 
t (history 
also be 

ign can be 
This 

is 
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administered in the fall. The data would be analyzed using 
regression analysis, the same method used in the 
regression-discontinuity design. Here, however, each treatment 
student would be given the "dummy" code "l" and each student in 
the cohort from the year before a code of "0." 

Example of cohort design use. Garretson, Vertuno, Roblyer 
and King (1983) used this design in a study of a computer-based 
reading and writing program, the "Writing to Read" program from 
IBM, Inc. Approximately fifty students from each grade served as 
subjects, and it was not considered feasible to withhold the 
treatment from any of them. A readiness test was available for 
both the treatment and control kindergarten cohort, so it was 
used as a pretest. No pretest measure was available for the 
first grade students. The dependent variable was the reading 
score (prereading for kindergarten) from the California Test of 
Basic Skills (CTBS) administered at the end of both kindergarten 
and first grade. The analysis for the kindergarten students was 
performed as follows: 

STEP 1: Calculate means and standard deviations. The 
means and standard deviations of both groups on both measures 
were determined: 

Reading 
Pretest 

Treatment (1982-83) 
Mean SD 

129.00 
6.29 

13.73 
1. 47 

Control (1981-82) 
Mean SD 

124.59 
6.11 

14.13 
1. 57 

STEP 2: Perform regression analysis. This analysis 
actually involves several steps, but they will not be detailed 
here since the SPSS program described in Appendix D accomplishes 
them. The results were as follows: 

Variable 

Treatment (bl) 
Pretest (b2) 
Intercept (a) 

b 

3.79 
4.10 

99.52 

F 

2.12 
22.54 

314.96 

Significance 

>.05 
<.05 
<.05 

Data for the first grade were analyzed using a t-test for 
comparing two groups. The results were: 

Treatment (1982-83) 
Mean SD 

Reading 63 . 79 14.36 

t-ratio = .65 
(p>.05 ) 

Control (19 81-82) 
Mean SD 

61.56 18.80 

The results for neither grade showed a significant treatment 
effect. These findings are not in agreement with those in the 
Value-added analysis in which the treatment effect for the 

272 



Practical Strategies (King & Roblyer ) 

Nonsense Words Tests were significant. The different 
could be due t o a number of reasons. (See discussion 
Garretson et al.) 

However, despite its failure to demonstrate a significant 
treatment effect, the cohort design is considered to be super 
to a design in which the control group is not equivalent tot 
experimental group (e.g. the groups are obtained from differe 
schools). The populations from which the cohorts were drawn 
probably more similar than those using students from different 
schools. Also, the school environment {principal, teachers 
facilities, etc.) for the cohorts would probably be more si~1 
than would the env ironments in different schools. 
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DISCUSSION AND SUMMARY 

Although most research studies reported in the educational 
technology literature use a non-treatment control group desi gn, 
this approach is often not feasible in non-laboratory situations. 
The microcomputer movement in schools has created a wealth of new 
research opportunities, many of which will r equire designs more 
suited to actual classroom implementation. Five such designs are 
described here: 

1. Sequential analysis 
2. Value-added analysis 
3. No n-equi valent dependent variables 
4. Regression-discontinuty 
5 . Cohort design 

Depending upon the needs of the researcher and the 
characteristics of the research situation, each of these can 
serve as a practica l alternative to a design requiring a 
non-treatment control group . To aid school researchers in 
ernplqying these designs, statistical analysis methods and tools 
are also provided for each one. Several caveats are, however, in 
order • 

Choosing the Appropriate Design 

Each of the designs described here can be appropriate for 
studying various aspects of computer - aided instruction. But like 
all research designs, each has assumptions which must be met and 
requirements which must be considered if the research is to be 
perceived as valid. The flowchart shown in Figure 5 summarizes a 
decision path which one might take to choose t he most appropriate 
design for the situation. 

[Figure 5 about here.] 

However, even after selecting the most useful of these designs, 
the researcher must recognize that, like all designs, each has 
its strengths and weaknesses. Using two of these designs together 
can work to make the total study stronger. For example, in 
Ga rretson et al (1983), the cohort design and the value-added 
analysis were used. Ideally, the results o f t hese two designs 
wou l d be the same and thus support the conclusions of the 
research. 

~ecifying Power 

The sequential analysis method is the only one of t he five which 
forces the resea rcher to set alpha, Beta and effect size ahead of 
time. However, this practice is desirab l e for all designs 
(incl udi ng true experiments) in order to determine that the study 
has sufficient power to reject the nu ll hypothes i s when it is · 
false or to allow acc~ptance when it is true (Cohen, 1969). 
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Required Research Expertise 

Several aids are provided here to assist those with limited 
statistical experience in selecting and im plementing t he most 
appropriate of these designs. It should be apparent, however 
that using these designs require some expertise in both resea ' 
and statistics. The minimum training would probably inc lude 
introductory courses in research methods, descriptive statist i 
and inferential statistics. And, of course, some experience ~ 
implementing research studies is helpful. To those with such 
expertise available to them, the designs described here can a~ 
should be useful in implementing research to direct the course 
their educational computing activities. 
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Appendix A 
Applesoft Ba s ic Program for Sequential Analysis 

The program requi re s the user to enter p r opor ti ons for the AQ 
and RQL, a s well as values for alpha and Beta . Hl, H2 , and S 
used to construc t the uppe r (UL) and lower lines (LL) of t he 
accepta nce-reject ion graph : 

= -Hl + Sn 
H2 + Sn 

LL 
UL = 

where n is the nth subject . Dl and 02 in the output are val u!I 
f or t he lower and upper lines where n=l0 . The y are given to 
facilitate plotting of the lines . 

Following the listing of the truncation n umber and input 
specificat i ons, t he user is a sked whether or not a tab l e of 
values should be printed. If the answer is "yes," t he 
acceptance / rejec tion table is printed. It i s simply a t abu lat 
representation of the graph. 

Coordinate s for the Operating Characterist ics (OC) Curve and , 
Ave r age Sample Numbe r ( ASN) Curve are printed if the us er desi 
them. In both curves, p ( t he true propo r tion of fai lu res ) is 

plotted on the horizontal axis. L(p), the probablity of reject 
the instruction, and E(N), the a verage sample numbers, are 
plot ted on the vertical axis. 

The following sets of numbers can be used to check your progrM 
ent r y: 

( 1) 
( 2 ) 
( 3) 

AQL 

.90 

. 90 
• 8 5 

Hl 

(1) -1.6 98 
(2) -1.367 
(3) -2 .902 

RQL 

. 70 

.70 

.75 

H2 

3.333 
2.099 
4.455 

2b1 

I npu t 

Output 

alpha 

. 01 

.05 

.05 

s 

. 186 

. 186 

. 197 

Beta 

. 10 
• 15 
• 15 

Truncate 

112 
57 

245 
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2l)) 

:20 S = G 
! 22 ::lR!!'! 
!~3 ~~!:'\ 
125 01 =* 

: 30 OR!!' 

!3: 'J~! '.' 

13s n2 :z 

:40 ~R!~ 
T ~ 

!4! 'JR! ! 
!~0 .. N =r: 

• APC'; ·--. PR! . ~-
--t:o :l~! 

!S0 PR! 
~2== 

~;p 

16! or.u 
!66 PR1 
!71!1 ! '.°'!~ 

A : 

!7: 
:!\! l 
~~ : 

• ..,-=-
•• .J : :-
:SQ\ :>R 
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, 
!5 INPCT "SNT~~ ~qoPORT!ON ~o~ ~ 

:GH CUAL!"!"Y 11 ;?! 

25 P! :::1 1 - Pl 
30 INPUT "SNTER "ROPORTrDN <=QR 

OW Q!JALITY ":P2 
35 PR!N;' 
40 P2 = 1 - P2 
45 INPUT ":NTER ALPl-'A ":A! 
46 ::>R!:\11' 
50 INPUT "EN;"ER BETA ";Bl 
~! PR!:'l!T 
55 ! NPUT "AR'.:: ALL ENTR!:::S CORREC 

T? Y"N ";Nt 
56 PRINT 
60 !F NS = "N" GOTO 15 
7~ Gl s t LOG C~2 I Pl)) * .434a9 

448 
75 G2 = <LOG <<: - P2l I <! - P: 

))) * . 43429448 
8~ A = < :...OG < < l - B 1 > I All l * 

43429448 
SS B = < LOG CB ! I <! - Alli I • 

4342'3448 
90 ~l = B I <Gl - G2l 
9~ ~~!~'T 11 ~1=-!~fi~::?C~!': A; ZE~O e 

OR iYE ~O~E~ L!!\:E= It :r-:l 
96 PR!N;" 
:i0 H2 ~ A I <G1 - G2l 
!25 PR!'-:T "H2s!NTS~CEP"!' AT ZERO 

FOR :~E UPPER LINE= ":1-'2 
!06 ;l<:i!N;' 
1: ·21 G3 :z 3! - G2 
: : 5 G4 = < t..OG C ( ! - ~ ! ) I < ! - P 

2))) * .43429448 
:2~ S = G4 I <S: - G2l 
:22 ~R! !'!T 11 S :s II ;S 
!23 :lR!!'lT 
125 01 x Hl + <S * !01 
:30 OR!NT "D:=LOWER L!!'lE VAL~!:: A 

TN EQUALS !0 = ";Dl 

135 02 = ~2 + <S * 101 
:40 ;:>q!!'!T "D2=UPPER L!:'l!E VALUE A 

TN EQUALS !0 = ";02 
:4! :lR!N1' 
!5~ N z <3 * <A* 8li I <G! * G2l 

:~5. r.>~~'.\!i it;~~~CAT::: AT ~= II: .'.: 
:~e. 'Jq!!\!~ 
:S0 P~!~T .. WALD, ""P!=n! - ::-•" un 

:i2zu !. - ::"2 11 ~ 11 "AL:Jr~A= 11 H!
11

, "
11 B 

16!. 
!S6 

!7! 
!75 
:80 

~;A= 11 B! 
oqr:-rr 
pq!'\!1' 
IN::>~: •oo vou ~ANT To ::iqr~; 
A TABLE OF VALUES? y A ~: 

; !\!$ 
~R!~T 
!~ ~$ = '' ~ '' GOTa 2~2 
?~!~~ ·· ~··.··QCC~~T 11 • 11 ~EJ~C~ 11 

:01 pqr:-.: ... 
:as N = :ZI 
:90 r = l~ 
: 95 ~J = N + 
200 R0 = CB I G3l + CN * <G4 I G3 

) ) 

2!0 R1 = <A I G3l + CN * CG4 I G3 
) ) 

220 PRINT N TABC 16lRO TAB( 31)~ 

225 ! F N = ! GOT~ 235 
230 GOTO :95 
231 PRINT 
235 :NPUT "DO YOU WANT ANOTYER 

0 VALUES? Y ·'• ~: ";NS 

240 !F NS = ··~·· GC70 250 
245 : = : ... !~ 
246 Gc:o 1'?s 
252 !'\~UT 0 DO VOL! WA~"'!' A TAB~~ 

OF VAL~ES OF TYE COORDI~A·ES 
:c ? 1_0: AN CC C:JRV'::? Y"' !\! : " 

270 :~ ~s = 11 ~' 1 GO~O 340 
275 O~!N'T 
280 :::IR!!\!i "COORD!NATES i:'QR OC C:J 

RVE" 
285 ::>R!'.jT 
290 ~qINT "VALUES OF P", "L (Pl" 
295 PRI!'-!: 
3~0 pq:~T ~, l 
305 ::>~!Ni 
3:0 ~~! ~- P! , : - A! 
3:4 P~!~! 
3:5 ~ = :N: <<S + .20005) • 1~0~ 

0l I 10000 
316 Kl= H2 I <<ABS <H!l + ~2ll 
3~0 P~:'.\!T S,K! 
3;:.:! P~!~; 
322 PR!'\:T ?2,B: 
325 ~~:N7 
33QI P~!/'\!T l , 0 

340 !~:PUT "DO YCU WA!\IT A TABLE Cl = VALUES <= CR ";HE COORD:~ATES 
... 0 ::>LO:' ASN CURVE? v··· \I: "; 

:"-!$ 
350 !F ~s = "~" GOTO 440 
360 P~!~T 
370 :JqI:-.!"" "CCCRD!NATES C:QR AS'4 C 

\.!RV'::" 
375 pq!!lj ... 
3S0 PR:N: "VALu::s OF P", "E (N)" 
::;as 
356 
390 
395 
397 

o~::-.i..,. 

K2 = ~BS <H:> I S 
::>R!\~T ~, '.-'.2 
PR!\:T 

~4 = (I! - A:> * RBS IH!I -
~: • l-'2 l I IS - O l ) 
~~!\!T ·:t!. '."<4 
::>':l:'.°'!T 

406 KS = < ABS IH! l * H2) I <S * 
< ! - Sil 

4 10 PRINT S.K5 
415 PRINT . 
416 KG = < < < l - B ! I * H2 J - C 81 * 

ABS ( H ! ) ) l I < 02 - SJ 
PR!NT P2,K6 
'.J'E:-.! ... 

426 ~7 = H2 I Cl - Sl 
430 'J~!'.'JT !, ~7 
435 ~R!"l1' 

~30 ~ND 
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p1 actical Strategies . .. (Rob lye r & King) 

Appendix B 
Computati ons fo r Value-added Analysis 

1. computation of the value added by the treatment (V) 

where y 
1 

v = y 
2 

and y 
2 

y - . b (d) 

1 

are pre and post test mean s 

Page 24 

b is the slope coefficient for the regression o f pretest on 
age, and 

d is the mean time span betwee n the pre and post tests. 

2. Computati o n of pseudo-values (V 
* ' l 

A. Compute the regression coefficient (b) using t he whole 
data set. 

B. Compute a regression coefficient (b ) with observation i 
i 

removed from the data. N coefficients will be computed. 

c. Compute a pseudo-value (V for each indiv idual: 
*i 

IV.A (t >--) ~ CU..:, {_t:: L J 
v = y ( t ) y (t ) b f-a-tt-H 

*i i 2 i 1 *' l i 2 

where y (t ) and y (t ) are post t est and pre test scores 
i 2 i 1 

for individual i 

a ( t ) and a (t ) are the ages of indi v idual i at 
i 2 i 1 

post test a nd pre test times, and 

b 
* ' l is computed as shown below: 

b = Nb - ( N - 1) b i 
* ' l 

D. Compute the mean and standard error of the v ' s. 
*i 

Calculate a t-ratio by di vid ing the mean by the standard error. 

The data file on the next page contains scores for age (i n 
mon t hs), and pre test and post test s co res for 10 subjects. The 
first SPS S pr oced ure file computes the regression coeffic ien t and 
the sums, sums of squar9s , and sum o f c ross products needed fo r 
the next pr og ram. 

' ' I 

.. 
I 

I 
I r, 
''"~ ., .. 



Practical Strategies ... (Roblyer & King ) 

Aeeendi x B (cond.) 

The output of the procedure is as follows: 

Regression coeffic i ent ( b) 1. 134 
Sum of age scores (S X) 690 
Sum of pre test scores (SY) 224 
Sum of cross products o f age 

and pretest ( S XY) 1 5778 
Sum of squares of age (SXQ) 47894 

The output of the second SPSS procedure g i ves t he mean (2.0281 
and standard error (2.5 15) of the pseudo-values (V ) . 

* i 
The t-ratio is 2.028/2.515 = .806. Thus, for t h ese 10 cases . . . , 
value added by the treatment is not stat i stical ly signifi c ant. 
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an (2 . 028; 
) . 

10 cases , 
gnificant. 

_ : c: : c~- Strstesies . . . . :: i.\·er f.. :·. j :: · ~ .l 

DATA 

.,_ 
. ..l 

·;:i 
, ~ 

"? 
-:,..:, 

'=· ~~' 
!>Y 
.!,-8 
<;'l 
(~~ 

FIL£ 

5 29 
8 39 
0 35 
0 44 
? l ~ 

lO !6 
22 ::>7 
.2~ 36 

5.005 
10. 
10.005 
15. 
15.005 
16. 
lo.005 

SPSS PROCEDURE tl 

VARIABLE LIST 
AGE F'RE F·os T 

I NF·UT FORM Ar 
FIXEDlF::>. O r.CF3. o ~ 

COMF·UTE 
SXY =AGE .~PRE 
COHF·UTE 
5Xll=AGE*:«2 

:s 30 20. REGRESSION 
1.: :o .C 1

). 005 'JAR I ABLE3=AG PRE: REGRESS fiJN,,eRE WI TH 4GE 
JO. CONDESCRIPTIU 
30. 005 AGE 1PRE 1POST· XY·SXQ 

SPSS PROCEDURE t2 

~. VARIABLE LIST 
5. 00 5 AGE PRE POST 

10. INPUT FORMAT 
10.005 FTXED<F2.0r2FJ.O> 
.o•). CO MPUTE 
~0.005 5X Y:L5778 
55. C:JMF·UTE 
~::;, ·J05 SXli= q 799 •I 
.,0 . COMPUTE 
:-o, 005 S:< =o·?O 

:j ~ I • 

:30.005 

CC?'IF'1!T£ 
S'r =;:>;:>4 
COMF·IJT E 
B=l.134 
COMPUTE 

85. 00 5 NUM=<9:tt <SX'r - l AGE'l:F·R£ > l 1 - • lSX -AGE>* <S Y- PF:E> > 

oo, CO MPUTE 
90.005 DENOM= C9* 1SXO- <AGES*2 lJJ - l l SX-AG El **;:> J 
9;:>, COMPUTE 
G;:>,005 BimNLJM/DENOH 
.;> 4, CDMF'UTE;. 
94,005 BSI= < t1'1B>- <9 '1:E<IJ 

S/C/RETURN 

9<:-. COMPUTE 
o~.005 V=POST-PRE- <8SI S4 1 
~s. COND ESCRI PTIVE 
98,005 v 
99. STATISTICS 
o·:;. 005 1, ~ 
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Appendix c 
Analysis and Results of the Regression-Discontinuity 

The data file is shown in the up!?er left-hand corner of the r. 
?age. There are ei ght treatment students below the !?retest · 
cutting score of 40, and eight control students above it. 
Columns 1 and 2 con tain a student ID number, Column 3 is the 
group membership variable (treatment=l, contro l= 2 ) , the next 
columns contain the pre test scores, and the post test is in 
last two columns. 

The SPSS procedure file is given to t he ri ght of the data 
Lines 5.0 and 10.0 specify the names o f the va ria bles and 
input format, respectively. Line 200 is t he regression 
procedure. It specifies the dependent variable is the !?Ost t 
and the independent variable is the treatment variabl e and 
prete5t. Line 25.0 causes means, standard deviations, · and 
correlations to be printed. 

The output of the procedure consists of means , standard 
deviations, and correlations of the three variables as label ed 
The last three 1 ines of output show the intecept and reg r essic 
coefficients: 

Y = 35.00 + 9.72 + .37 Pre 

The columns labeled F and Sig. show that all effects 
statistically significant. The treatment regression 
(bl} is the adjusted difference between treatments. The resul 
are g raphically illustrated in the figure that follows t he 
output. The difference in intecepts of the cu tting score is~ 
estimate of t he treatment effect. 

--- ---·--·------ ----- ---·· ------- ·- -- .. .. ----
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DATA FIL E 

2 
3 l 
·I 1 
5 1 
6 1 
'.' t 
8 1 
v 0 

10 0 
! 1 0 
12 0 
13 " 14 •J 
15 ·.) 

.! -~ ·J 

~'A R I AB LE 

F·F:E 
F·tJ ST 

11 39 
t3 44 
19 42 
~5 46 
.::!4 50 
30 4 2 
:o 54 
t8 48 
43 56 
42 60 
50 5 9 
5 1 "1 
C" C" 
~ .... 62 
54 .£-.:) 

.:>- ~3 

·:> 3 67 

MEMI 

. 5000 
:56.8t~5 

~3.6250 

SPSS PROCEDURE 

.. 
,J . IJARIAE<LE LIST 
5.005 I D·T·PRE• F'OST 

!O . ! NF'U r FOf''MAT 
10.005 FlXED1.::!F2. 0 r 2F3.0l 
:;o. REGRESSIO N 
:o. oo5 VARIAE<LES=T · PRE·POST/ 
::::0.()06 F:EGRESSICN=F·os r WITH 
25. STAT!5T!CS 
:5.005 1, 2 

OUTPUT 

STMHrAR[I DE',' CASES 

.5!~4 
\ 7.71)58 
4. 3340 

co~~ELArIOM COEFFICI EN TS . 

. 1 'JALUE •J F "Y'" . 00•1»0 IS F·RINTED 
IF A COEFF:CIENT CANNOT &E COMPUTED . 

F'RE 
F'OST 

-.¥!507 
-.:!3830 

T 

DEP. VAR •.. POST 

r'lE r~N RES F·QrJSE 

FINAL STEF·. 

.4664'.; 

f"F:E 

ST Lt . DE'.'. .\ . ::;:.;:;:9 .• 

r. ;:·!=:£ 

~UL TIPLE R .~o0 3 ANOUA DF SUM S O ~nRE S ~E~M ; Q , ~ 
F: 5lWAFd: .4.360 ~EGRE'.3S!ON ;-?. ~2~ .8·1 7 .:t .. 1.;J S.'.).'.:'.: 
s :-~1 DE'..1 3, 4 96 ..? r;·ES LDUf~L 13. L58 . 9 1J1 ~ .~ .. ~ 23 SLG . . o ~-~ 

ADJ R SQUARE ,JJ9 2 CGEFF OF V~RI~BILITY ~ . 5PC T 

111:1f;· I ABLE B S.E . B F Sl:G . E<ET .. ; S L.,ST ru n 

T 9. '.' 7 .i. 34 5 . 036 • ()<13 l 1589J • ,·,..;,·1v9 

F·RE •-' 4 =~ 8 . 7 4 1 . 0 1 ! l . ~: .!J 9 ::? - :::;.=, ~5--
cmiSTANT 35 . '.) 3 .~ . 51 :!.~. 883 , \)1)•.) 
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Foundations of Naturalistic Inquiry: 
Developing A Theory Base for Understanding 

Individual Interpretations of Reality 

This symposium is concerned with naturalistic methodoloqies in research on 

The purpose of my paper is ·~o focus on the foundati ans of natura 1 i sti c 

uiry. Foundation, in this sense, is concerned with explicatinq the theory 

se of naturalistic inquiry. 

r will focus on the foundations of naturalistic inquiry by looking at 

for research. My discussion will center on questions of epistemology 

at do you mean? How do you know?) . I will indicate the place of naturalistic 

uiry within the above discussion and identify differences between paradiqms. 

suggest elements of a research methodology that exemplifies an 

ttupretive and critical methodology. 

When we do research, we try to gain a clear or clearer perception of reality . 

This clearer perception of reality can be of benefit to us depending on our in

w~ts, what we are searching for (truth? knowledge? Information? Understanding? 

•~anation? Emancipation?). This in turn has a bearing on what we defihe as the 

research 11 problem/situation 11 under investigation. 

There are certain research paradigms that have emerged over the last few 

}'ars . Breda and Feinberg (1982) identify differing paradigms according to the 

~~arch methodologies utilized. These methodologies have inherent interests in 

th!! kinds of research findings generated. (l) I find their identification of three 

research paradiqms useful for determining what I cons ider to be the foundations 

Of natura 1 i sti c inquiry. 

Bredo and Feinberg identify the positivistic approach, the interpretive 

-~oach, and the critical approach to social and educational research. Returning 

~my earlier comment regarding research and qaininq a clear/clearer perception of 

"'ality, our interests in doinq research are varied. For example, we may try to 

~tter control reality, in order to make predictions, develoo law-l i ke theories/ 
i92 



explanations, establish causal relationships, etc. This would correspond to 

positivistic approach to research. 

We may want to better understand reality, and hence ourselves 

within a given context, meaninqs attached to social customs, etc. 

correspond to the interpretive approach. 

We may want to better understand reality, and hence ourselves and other· 

within a given context in order to act within that context, to effect change. 

This corresponds to the critical approach to social and educational research 

Fundamental differences separate the positivistic approach from the 

pretive and critical approaches. The differences are of a philosophical 

concerned with the nature of reality (ontology), the relationship of subject

object, the purpose of inquiry (generalization), the nature of knowledge the 

of data collection/analysis (epistemology), the relationship of individuals~ 

society, and the role of values in inquiry (axiology). 

Using Guba (1982, 1983), and Bredo and Feinberg (1982), I would like to 

light some o( the major differences between the positivistic 

interpretive and critical approaches . The differences I want to discuss are 

concerned with ontoloqy, subject-object dualism, generalization, 

axiology. 

Th~re is a danger here in oversimplifying the positivistic, interpretive 

critical approaches. Guba (1983) points out that there is no 11 real or ultima 

absolute statement that could be made" for each of these approaches. 

In other · 

suBJECT-OBJE -
the object un 

-,(Guba , 1982, 

PURPOSE OF I 

specific con1 

EXPLANATION· 

the result ( e· 

AXIOLOGY (T 

I will use 

The \J 

"All statements are constructions; the issue here is whether my construction is closer to identi 

fair 11 (p . 6). ONTOLOGY -

The Positivistic Paradigm 1'.ealities. The~ 

ONTOLOGY (nature of reality). For the positivist researcher, reality is a Of the multiple 

11 qiven 11
• It exists 11 out there 11

, and can be divided into dependent and i ndepe lliderstanding c< 

variables. These can be studied independently of each other. 11 Inquiry can c kf. Guba, 1983 

onto that reality until, finally, it <2f!>~e predicted and controlled 11 (Guba , r 



and others 

ect chanqe, 

of subject-

wl edge the 

In other words, the world is seen as given, single, tangible, fragmentable, 

SUBJECT-OBJECT RELATIONSHIP. The researcher maintains a distance between self 

the object under investigation, "neither disturbing it or beinq disturbed by 

(Guba, 1982, 1983). 

PURPOSE OF INQUIRY (Generalization). The purpose of inquiry is to develop a -
.othetic body of knowledge." This knowledqe is best stated in law-like 

mological) generalizations which are seen as truth statements outside of time 

specific context (hence they are true for all circumstances and times-cf. Guba, 

EXPLANATION-CAUSALITY. As Guba (1983) states: "Every action can be explained 

the res ult (effect) of a cause that precedes the effect temporally (or is 

si ~ltaneouswith it" (p . 7). 

AXIOLOGY (The role of values in inquiry) . Inquiry is value neutral . This 

the nature of the methodology used - "the facts speak for themselves" 

ach, and the (Gaba, 1983, p. 7). 

i scuss are ille Interpretive Paradigm 

ausality, arJ I will use the same areas I briefly indicated in the previous section in 

characterizing basic viewpoints of the positivistic paradigm to identify the inter-

nterpretive etive paradigm. The viewpoints I describe below also hold for the critical 

l or ultima radigm. The viewpoints discussed stand in oppostion to each other. Naturalistic 

s . As hes inquiry falls within the interpretive and critical paradigms, so I am getting 

nstruction i~ tJoser to identifying the theoretical underpinnings of naturalistic inquiry. 

3 

ONTOLOGY - The world is made up of tangible and "intangible", multi-faceted 

real ities . These are best studi ed as a unified w_hole. (2) Investigation into each 

reality is ~ 1 the multiple realities will brinq about divergence (suggesting further questioning). 

and indepe ~ders tanding can be achieved, but "prediction and control" are not our intent 

qui ry can co 

ed" (Guba, 1 

1983, p. 9). 
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SUBJECT-OBJECT RELATIONSHIP. The inquirer and the object of study 

to influence one another (especially when the object is another human's 

cf. Guba, 1982, 1983). 

PURPOSE OF INQUIRY (Generalization). The aim of inquiry is to develop 

11 ideographic 11 body of knowledge. We can then develop a series 

that exemplify the "individual case" (cf. Guba, 1983, p. 9). 

EXPLANATION (Causality). Guba (1983) states that 

An action may be explainable in terms of multiple interacting factors , 
events, and processes that shape it and are part of it; this interaction 
manifests itself as mutual and simultaneous shaping; inquirers can , at 
best, establish plausible inferences about the pattern of such shaping 
in a qiven case (p. 9). 

AXIOLOGY (The role of values in inquiry). Inquiry is value-laden. 

influenced by the researcher's values as shown in the "choice of the problem 

in the framing, bounding, and focussing of that problem . 11 Inquiry is influen 

the research paradigm the researcher choses. The paradigm 11 gui des the invest 

into the paradigm. 11 Inquiry is influenced by specific methodologies within 

research paradigm . The methodologies "guide the investigation into the probl 

Fina 11 y, 11 inquiry is influenced by the values that inhere in the con text : so 

and cultural norms" (cf. Guba, 1983, p. 10). 

The following schematic representation (fiq. 1) is offered to help clari~ 

the previous discussion. It is based on Guba (1982, 1983), Culbertson (1981 J, 

and Feinberg (1982), Habermas (1971), and my own efforts at putting th i s i nfo 

into some systematic order. 

Figure 1 

It is important to acknowledge the differences between the paradigms. Th 

are based on differing world-views. All three paradigms are needed to bet ter 

understand/to gain a clearer perception of our world and our place within that 

world. Although I do not want to overl~~!fhasize these differences, they do 
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exist . For this reason, it i s difficult to interpret findings from a stu~ 

the interpretive paradigm, using naturalistic me thods , in light of findings 

within the positivist paradigm , using quanitative me!hods. 

Inquiry within the three paradigms is conducted in differing manners, 

results aimed for are di fferent. I poi nt out t he differences not to set up 

"straw man" fo r the purpose of justifying a "not so new " approach , but to i 

the need to be clear on what it is we want to investigate. 

The differing world -views that are the bases for the three research pa 

need to be examined closely by researchers . The world-views define a certa 

orientation toward the world . They provide ways of seeing the world, and e 

and people within that world . 

In conducting research within the context of education9 the process of 

schooling is also viewed differently within the framework of the three par' 

Whether we look at schooling, learning , learners, outcomes of education, ct 

etc., each of these have a special meaning for researchers . For example, i 

·~ were to talk about the learner (subject) within the interpretive approach, 
,• 
•' define the situation as follows : .. 
,.., 

As individuals begin to interpret reality about them , processes of 
self- reflection/introspection and communication (externalization) 
of internal processes need to be considered by the researcher . Each 
individual l earner is seen as a "meaning-maker" , i . e . , creator of 
their own reality. At the same time ~ the individual interpretations 
of reality are open to critique . This leads to the notion of critica· 
thinking as i t applies to an ind i vidual 1 s interpretation of their con· 
text. To gain an understandin (interpretive approach) of an individ· 
ual ' s perception of reality context) through the utilization of vi sue 
the researcher must enter into a dialogic relationship with that 
individual . 

Entering into a dialogic relationship with an individual can be most i 

achieved through naturalistic research, within the interpretive approach. 

is the 11 encounter between men mediated by the world , i n order to name the 1 

(Freire , 19705 p. 76). There are certain conditions requ i red of subjects 1 

into dialogue : 

1. a profound love of men 
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humility 2. 

3, an intense faith in man (this is an ~priori faith in the person) 

4. trust (established through dialogue) 

5, hope (rooted in the person's incompleteness, and recognition of 

that incompleteness; constant search) 

6. critical thinking (Freire, 1970, pp. 78-82). 

These requirements demand total commitment to the process of dialogue from 

se who choose to enter the di a logic relationship. They are neither naive nor 

They become, for subjects engaged in emancipatory praxis, a basic 

to life. 

The term critical thinking, as a necessary element in dialogue, needs to be 

swd and delineated further. Critical thinking is thinking which 

discerns an indivisible solidarity between the world and men and 
admits of no dichotomy between them -- thinking which perceives 
reality as process, as transformation, rather than as static 
entity -- thinking which does not separate itself from action, 
but constantly immerses itself in temporality without fear of the 
risks involved. Critical thinking contrasts with naive thinking, 
which sees 'historical time as a weight, a stratification of the 
acquisitions and experiences of the past, ' from whi ch the present 
should emerge normalized and 'well-behaved.' For the naive thinker, 
the important thing is accomodation to this normalized 'today. 1 For 
the critic, the important thing is the continuing transformation of 
reality, in behalf of the conti nuing humanization of men (Freire, 1970, 
p. 81). 

7 

Dialogue requires critical th inking and is capable of generating critical 

t~inking. Communication is based on dialogue, and education is based on communi

cation, Communication is concerned with meaning, understanding. Relating under

!~nding to critical thinking and interpretation roots emancipatory education within 

In the critical approach, the paradigm for knowledge is 

Jproach. Dia "'longer the "observation 11 but the 11 dialogue 11 (Habermas, 1973, p. 11). 

rnme the worl! I recommend that researchers interested in researc h using t he interpretive 

;ubjects who lnd/or critical paradigms become grounded in the work of Paulo Freire (1970, 1973 ) . 

Fr • eire worked with the peasant population of Brazi l. His concern was centered on 

adult literacy education and his wor~~~re a powerful exampl e of using visuals 
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... 

within an educational/learning situation. His work also exemplifies the dj 

world-view offered by an interpretive approach to research and its impact on 

subjects ~within the literacy project. (3) 

I offer the following ten points as elements of Freire 's 

(epistemology) which, I believe, are also the basic elements that ground the 

pretive and critical approaches to social and educational research. 

points can provide guidelines for developing research endeavors using visuals 

the interpretive and critical paradigms . 

1. World- view - Freire adheres to a world- view that identifies the sucb 

in relation to a particular context ( 11 I am. myself and my circumstan 

2. Subjectiv i sm - Acknowledging a world of nature independent of indiv 

3. 

does not negate individual experience of that world and 

a social/cultural/human world which itself is a reality (cf. 

1980' p. 89); 

Abstraction The individual mind plays an important part in 

knowledge. The world (context) 11 as it is conveyed and verbalized in 

people's knowledge, is a world composed of abstractions and is demac 

by concepts • People never just see, just experience, 

they always see and discover particular things , depending on what is 

already in their heads" (Matthews, 1980, p. 90); 

4. Codification - Consists of re-presenting the "object of reflection" 

the subjects in a form identifiable to them, and related to their 

experience. For example, Freire used photographs and drawings 

the existential situations of the people wi th whom he worked. The 

visuals used were familiar to his subjects because they contained 

situations and events based on the subjects' own descriptions oft~~ 

life- situations . These 11 codified 11 visuals become the objects that 

mediate the subjects in their critical analysis. The codifications 

"cognizable objects, challenge29~ards wh i ch the critical reflection 
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the decoders should be directed" (Freire, 1970, p. 107). The 

cognizable objects (visual re-presentations of the subjects in life

situations), posed as problems to the subjects, depict the situationality 

of the subjects . Self-reflection upon this situationality is reflection 

about the very "condition" of existence, namely, "critical thinking by 

means of which men discover each other to be 'in a situation'" (Freire, 

1970, p. 100). When this situation (context) is seen as an "objective

problematic situation, 11 subjects reach the' stage wherein the ability to 

intervene in their self-formative, historical context becomes a possibility. 

Intervention in reality -- historical awareness itself -- thus 
represents a step forward from emergence, and results from the 
conscientizacao of the situation. Conscientizacao is the deep
ening of the attitude of awareness cha~(acteristic of a11 · 
emergence (Freire, 1970, pp. 100-101). 4J 

5. Decodification - Consists of teacher-student, students-teachers reflecting 

critically (dialogics) on the mediating objects (~visuals) thus 

externalizing their 11 thematics 11 and consequently making 11 explicit 11 their 

11 real consciousness" of the world (Freire, 1970, p. 108). During this 

time, through dialogue, interpretations are chall enged and understandings 

questioned, constantly posing the object of discussion as problematic. 

Through this process, which Freire refers to as 11 conscient i zation, 11 

subjects can arrive at a greater awareness of the social context which 

forms their lives, and also create awareness of their capacity to intervene 

and transform it (cf. Freire, 1970, pp. 100-118). 

The process of decoding the mediating objects under analysis thus 

consists in investigation of the subjects' thin kin g concerning their life-

situation. Thematic investigation, which deepens historical awareness, 

becomes educational. At the same time "all authentic education investigates 

thinking" (Freire, 1970, p. 101). Investigating the subjects' t hink ing 

leads to further investigation, hence education and thematic investigation 

are "simply different moments of the same process" (Freire, 1970, p. 101). 
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When subjects begin to make explicit their views 

they begin to see how "they themselves acted while actually exper· 

the situation they are now analyzing, and thus reach 

their previous perception'" (Freire, 1970, p. 108). 

awareness, reality is perceived differently: "By broadening the h 

of their perception, they discover more easily in their 'backgroun 

awareness' the dialectical relations between the two dimensions of 

reality." Thus the process of decodification brings 

and the development of "new knowledge" (Freire, 1970, p. 108) ; 

6. Distancing - Knowing demands that we gain some distance from the 

object" (existential situati.on). Individuals 11 need to stand 

reflect on their situation as an object of knowledge" (Matthews, 19 

p. 91); 

7. Agency - Agency/activity is a prerequisite for knowledge. 

activity, and is an active process. "Knowing is the task 

not of objects. It is a subject, and only as such, that a man or w 

really know" (Freire, 1973); . 

the I 

co-po 

The di ff1 

Perhaps 1 

deve 1 oping 

Wri · 

8. Problem-Posing learning - This is done at the level of decodification, exciting P1 

means asking questions about the codified object, and "calling into 

question", challenging perceptions and interpretations. It is 

of "social constraints" and, going a step further, questioning 

why those constraints exist. (Sl 

9. Holistic Viewpoint - For Freire, to know things (objects) is to know 

things in relation. "To know a part is to know how it connects with 

whole. In the process of codification, different impressions of the 

object or process are utilized so that interrelations might be reco9~ 

It is the total vision which we call knowledge" (Matthews, 1980, p. 93 

10. The Social Dimension - "Just as there is no such thing as an isolated 

human being, there is also no3G9) thing as isolated human thinking. 
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Knowing d 

the act of thinking about the object s/he cannot think without the 

co-participation of another subject 11 (Friere, 1973). 

Cone 1 us ion 

11 

The differing world- views of the three paradigms is the point with which 

archers will have to become more familiar. The dominant approach to research 

y, the positivistic approach, is ingrained in our ways of talking about 

research. We will need to learn a new language. We will have to 

with ambiguity . Certitude is not always possible. - We will need to 

with new ways of looking at reality and defining what is 

itimate knowledge. We will have to concern ourselves with epistemology. 

Perhaps we should concern ourselves less with creating 11 effective 11 visuals, 

even trying to define elements of effective visuals, and focus our attention 

critical thinking skills. Materials are readily available to us. 

the visual to the use of language in interpreting visuals offers 

potential regarding how individuals come to grips with their world. 

in an insightful essay entitled Words As Definitions of Experience . 
Writers and Readers Publishing Cooperative, 1976) has already offered us 

codification. t1exciting possiblity for blending research on visuals and the use and power of 

11; ng into linguage. The interpretive and cri ti cal paradigms for research should offer new 

It is 

on ing 
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, 1980, P· 9ll 

an isolated 

i thinking. 

~ctions and possiblities for future endeavors. 
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Footnotes 

1. Also see Anthony Giddens. New Rules of Sociological 

Critique Qf Interpretive Sociologies (New York: Basic Books, 

1976; Egon G. Guba and Yvonna S. Lincoln. Effective Evaluation (San Francis 

Jessey-Bass Pu bl i she rs), 1982; Gail Mccutcheon. 11 0n the Interpretation of c 

Observations", in The Educational Researcher, May, 1981; Richard J. Bernstei 

The Restructurring of Social and Political Theory. (Pennsylvania: Universit, 

Press), 1978; Egon G. Guba. The Context of Emergent Paradigm Research. Pa 

presented at A Career Development Seminar, Center for Public Affairs and the 

of Education, University of Kansas and The University Council for Educationa 

Administration, Overland Park, Kansas, November 4-5, 1983; and Egon G. Guba 

Yvonna s. Lincoln. Epistemological and Methodological Bases of r~aturalistic 

Inquiry . ECTJ, Vol. 30, No. 4, Winter, 1982. 

2. C. Wright Mills, in The Sociological Imagination (New York: 

Press, Inc., 1961), strongly states the case for empirical investigation and 

need for examining the part in relation to the whole: 

The specific methods--as distinct from the philosophy--of empiricism 

are clearly suitable and convenient for work on many problems, and 

do not see how anyone could reasonably object to such use of them. 

We can of course, by su i table abstraction, be exact about anything. 

Nothing is inherently immune to measurement. If the problems upon 

which one is at work are readily amenable to statistical procedures, 

one should always try to use them. If, for example, in \vorking out 

a theory of elites, we need to know the social origins of a group of 

generals, naturally we try to find out the .proportions coming from 

various social strata. If we need to know the extent to which the 

real income of white-collar people has gone up or down since 1900, 

we run a time-series of income by occupation, controlled in terms of 

some price index. No one, however, need accept such procedures, 
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choose particular and minute features for intensive and 

exact study in accordance with our less exact view of the whole, and 

in order to solve problems having to do with structural wholes. It 

is a choice made according to the requirements of our problems, not 

a •necessity' that follows from an epistomological dogma. 

I do not suppose that anyone has a right to object to detailed 

studies of minor problems. The narrowed focus they require might be 

part of an admirable quest for precision and certainty; it might 

also be part of a division of intellectual labor, or a specialization 

to which, again, no one ought to object. 13ut surely we are entitled 

to ask: If it is claimed that these studies are parts of some division 

of labor which as a whole constitutes the social science endeavor, where 

are the other divisions of which these studies are parts? And where is the 

'division' wherein just such studies as these are put into some larger 

picture? (pp. 73-74). 

3. I have outlined Freire's view of education and the implications his views 

~re for the field of instructional technology.(Koetting, 1981) . 

4. Freire's Educational for Critical Consciousness (New York: The Seabury 

lress) , 1973 gives examples of visuals used in the codification process. For a 

i tailed discussion of the codification/decodification process, see Freire's 

~ of the Oppressed (New York: The Seabury Press, 1970), Chapter 3. 

5. Denis Goulet, in his introduction to Freire's Education for Critical 

~ousness, 2.E.· cit . , draws the distinction between Freire's notion of .problem

~sing.~education (wherein the natural, cultural and historical reality in which 

the subject is immersed is seen as "problematic") and the "problem-solving" view 

Of education, wherein 
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An expert takes some distance from reality, analyzes it into compo 
parts, devises means for resolving difficulties in the most efficien 
way, and then dictates a strategy or policy. Such problem-solving 
according to Freire, distorts the totality of human experience by' 
reducing it to those dimensions which are amenable to treatment as 
mere difficulties to be solved. But to 'problematize' in his sense 

1 to associate an entire populace to the task of codifying total real i 
into symbols which can generate critical consciousness and empower 
them to alter their relations with nature and social forces (p. IX). 
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Philosophical Foundations 
and Instructional Desiqn 

(Curriculum Theory) 

our purpose for this symposium is in keeping with last year's 

original proposal, i . e . to address, from a different vantage point, some 

major theoretical issues of our field, and to stimulate interest in 

these issues amonq members of AECT and to provide an oooortunity for 

di alogue and discussion . 

Last year my paper addressed the notion that within the field of 

education, researchers are faced with competing educational philosoohies 

that reflect divergent interpretations of reality, knowledqe and va lue . 

Depending upon our individual orientation toward livinq and our perception 

of the "world" (our immediate social-context), we consciously/unconsciously 

espouse a particular philosophy of education and act in certain ways within 

the classroom. 

The major focus of my paper was on epistemoloqy. I tried to develop 

an epistemological framework within which diverse modes of inquiry could 

be used to comprehend reality. I identified the implications differing 

modes of inquiry would have for future research with i n our field , speci fi cal ly 

research of a conceotual/theoritical/philosophical nature. I tried t o 

situate our current practice and thinking in the field within that 

epistemological framework, identifying the need to qenerate diversity in 

our reserach methodology . 

Introduction: Situating My Discussion 

This paper is concerned with curriculum theory and development, and 

the place of curriculum theory within the area of instructional technology. 

Our field utilizes the instructional design model, or the systems aoproach 

to instruction(~ Kemo, 1977; Banathy, 1968; Gagne and Brigqs, 1975; etc.), 
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for organizing subject matter for instructional purposes . Hence, our 

field is concerned (or should be concerned) with curriculum theory a~d 

development. 

Instructional design is a valid model/process to utilize for orqa~ 

curricular content. It is a very popul ar model. It has strong histori 

roots within the field of curriculum (Kliebard, 1975; Apole, 1979; Koett 

1979) . Yet i t is only one model for organizing the 

When we examine the notion of curriculum theory, we begin 

sense of the complexity of the process of schooling. 

I will develop my paper as follows : I want to identify the centra1 

question of curriculum (what should we teach?) and examine the notion of 

curriculum theory . I will then look at the implications for the field of 

instructional technology that I believe would enhance the util i zation of 

media within the instructional process. 

I chose to look at curriculum theory because, as I hope to show, it 

is through an analysis of curriculum theory that we beqin to move toward 

differing philosophical viewpoints regarding schooling. This will provi~ 

a framewo rk for viewing the instructional design model as one means of 

curriculum design. 

Curriculum : What Should We Teach? 

Kl iebard (19T7) has stated that the central question of curriculum is 

"What should we teach?" Asking this question, we are immediately faced 

with a series of questions/issues : 

1. ~should we teach this rather than that? 

2. Who should have access to what knowledge? 

3. What affects would accrue from the study, particularly the 

prolonged study, of a given domain of knowledge? 
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4. How should the various parts of the curriculum be inter-related 

in order to create a coherent whole? 

Taking the central question of curriculum (what should we teach?) and 

the questions we are confronted with, namely the four just mentioned, 

wnat definition/understanding of the word theory (curriculum theory), can 

nelP us come to grips with our central question? 

Kliebard (1977) suggests the followinq meaninq for the word theory : 

Any more or less systematic analys i s of a set of related 
concepts . 

The systematic ana 1 ys is is an 

Attmept to clarify what may be initially vague concepts and 
thereby unpack the nature of the problems under consideration. 

Thus, through systematic analysis ; we attempt to clarify the various 

concepts/understandings implied in our four questions. 

Examples may be helpful here . What is implied in our four questions ? 

What are the implications, what are the hidden no t ions we can "unpack 11 

from these quest i ans? 

1. Why teach this rather than · that? 

We can ' t teach everything . We need to be selective and chose 
what we are to teach from a vast array of information within 
a given field . What will be the the basis of our choices? 
Utility? Relevance? Personal meani ng? Survival skills'? 
Needs of business/industry? Is there an 11 accepted 11 curriculum/ 
body of knowledqe for each discioline? 

2. Who should have access to what knowledge? 

3. 

What criteria do we use for determining who gets what in 
formation? Probable destination of studen ts? Social 
efficiency? I .Q. ? Standardized testinq? Vocational/ 
trade? Who determines what is legitimate regarding a 
body of knowledge? 

What affects would accrue from the study of a given domain 
of knowledge? 

Does the study of mathematics encourage rational thouqht 
processes? Do certain studies 11 make us" better people? 
Do the humanities/cultural studies make us more complete 
human beings? What knowledge is of most worth? 
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4. How should the various parts of the curriculum be inter
related in order to create a coher~nt whole? 

Schools are the only 11 place 11 where reality is isolated 
into disciplines of study. Why emphasize the basics? 
Why not organize/integrate disciplines through team 
teaching? 

The problems we are unpacking, analyzing and trying to clarify are 

philosophical in nature. They are concerned with the nature of reali cy 

(ontology); the nature of knowledge (epistemology); the nature of val ui 

(axiology); the nature of society; the purpose of schooling; the nature 

society. 

If we pursue this kind of questionninq, we move i~to neglected are~ 

in curriculum studies, for example 

1. The taken-for-granted reality of schooling; 

2. The conceptual emptiness of our notion of, and use of the 

term knowledge; 

3. The position of value-neutrality regarding the proces s of 

schooling; etc . 

What we end up clarifying/analyzing are our assumptions underlying our 

orientation to understanding 11 curriculum 11
• 

Implications for Instructiona l Technology 

If I can accept the points made up to this point regarding the ce~ 

question of the field of curriculum (What to teach?) and the at tendant 

questions raised 

Why teach this rather than that? 
Who should have access to what knowledge? 
What affects would accrue from the study of a qiven domain 

of knowledge? 
How shoul d the various parts of the curriculum be inter-related 

to form a coherent whole? 

Then I can make the following statement: 
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t er-

ed 
? 

the nature 

reaching is essentially a philosophical endeavour and there
fore educational - activity can be conceived within the con
text of a philosophy or world-view. 

~sentially we would be examining our teaching activity through a process 

cf self-reflection based on a philosophical world-view. This is not a 

~w idea. I think most of what we do in schools can be examined within 

the context of particular framewords. What I am suggesting here that is 

different is the choice of frameworks. 

If the statement I just made on teaching can be accepted, we are 

1~ to different kinds of questions within the field of curriculum 

5 

lected area:s because we are using a very different kind of language, a different 

conceptual framework that asks different questions than we usually ask in 

trre field of curriculum. As Giroux (1981) suggests, a different question 

f the 

SS of 

lying our 

ng the cent 

attendant 

in 

related 

arises: 

Whether the new language and concepts used are ra1s1ng pro
foundly important questions and issues about the curricu lum 
itself. 

My contenti on is~· the new language and formas of analysis will do just 

~at, namely raise more profoundly important issues not only within the 

field of curriculum, but within our own field as well. We will be required 

to examine the disciplines of philosophy of education, sociology of education, 

the revisionist historian's work on public schooling; etc. This will 

certainly broaden our base/perceptions and help us to see the larger .picture, 

not just the "What to teach?" 

Apple (1982) has suggested that teachers today are being de-skilled 

in the art and craft of teaching because of the form curriculum has taken. 

At the same time, they are being re-skilled into managerial roles because 

Of that form. The curriculum field can bring back the art and craft of 

teaching . Educational technology can provide diversity of thinking regarding 

curriculum and instruction . That would be curriculum theorizing. 
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This means that we might focus less on the specifics of 

design, and attend more to the content of instruction and 

of modes of expressing ideas for instructional purposes. This will r 

that we become familiar with the area of curriculum studies, and the 

debates, issues, problems and concerns of that area of study. 

current curriculum literature is critical of systems management proced 

used in organizing subject content (cf . Apple, 1979). . ~ 

can be used in examing the instructional design model 

izing the learning process. The I.D. model has a constitutive interest 

controlling that .process . 

Control is consititutive of the model itself, the nature 

The instructional developer (teacher) makes all the decisions 

the organization and planning of the learning process, 

usually prior to meeting students who will undergo the 

primary legitimating factor for usinq this "scientific/systematic apprOi 

to designing instruction is the objective nature of the results 

Yet, methods of inquiry have constitutive interests. Empirical 

has an interest in control. ·This is verified in praxis by examininq the 

instructional des i gn model and progrmas that have been desiqned accordi~ 

to the model. Knowledge is predetermined, what students will "think, 

feel and learn" is predetermined, by someone other than the students. • 

major difficulty with applying a control model to the learning process is 

centered on questions that point toward the "non-neutrality" of educatio, 

11 Whose knowledge is it? Who selected it? Why is it organized and taught 

in this way? To this particular group?" (Apple, 1979, p. 7). Linkinq 

these questions with the emphasis on standardization of methodology and 

outcomes that is characteristic of the instructional design model, and 

the model 1 s emphasis on control of the learning process, any deviation 

from predetermined outcomes canno:S:f~ considered . Thus a 11 students who 
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tnrough the structured learning activities of the model are expected to 

a~rive at the same point (input-output model) . I believe this is a re

ductionist and simplistic view of education that poses strict limitations 

on what is determined 11 legitimate knowledge," and how one arrives at 

legitimate knowledge. 

If I focus on diverse forms/modes of rationality, I can arrive at 

knowledge through interpretive understanding (Verstehen ) and critical 

science. In working with symbol systems, ~ in analyzinq the languaqe 

of film, the language of video, the language of photoqraphy, visual 

imagery, etc., I am situated in another mode of rationality, I am looking 

for interpretive understanding. When these interpretations are open to 

critical analysis, I am situated in yet another mode of rationality, that 

of critical science, critical thinking and analysis. The empirical model 

of education does not use/recognize interpretive understanding or critical 

thinking as methodology. I sugqest we explore alternative ways of organ

izing curricula that acknowledge that students are caoable of havinq valid 

views of the world and at the same time recoqnizinq that those views are 

open to critical analysis . 

7 

There are other models of curricula organization that we could explore. 

We will need to examine the literature outside of our field that is specific-

;tudents. T~ ally concerned with curriculum development. This could be a fruitful area for 

iq process is future research and alternative praxis. Our research efforts will be of a 

of education: theoretical/conceptual nature, and once the theory/conceptual base is clearly 

~d and taught explicated (a leqitimate research endeavor), test inq the frameworks will 

1 • Li nki nQ 

>dol ogy and 

iode 1 , and 

deviation 

;tudents who 

demand varied research techniques and reporting. Definitive, generalizable 

conclusions regarding the 11 one best 11 curriculum orqanizational model will 

not be our research aim. However , greater understanding of the complexity 

of the curriculum organizational process could result and enhance our praxis . 
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To link the notions of curriculum and media together will sug~est 

new ways of looKing at the learning process . It wi ll provide 

language and conceptual framework for looking at the debates, issues, 

problems and concerns in our field. 
Apple, 
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DEVELOPMENT AND VALIDATION OF A MEASURE 
OF COMPUTER ANXIETY 

INTRODUCTION 

by 
Matthew M. Maurer 

and 
Michael R. Simonson PhD 

The rate at which computerization is propagating ls con-

stantlY accelerating. Thus, the need to understand the effects 

of computer usage on the individuals involved with computers ls 

Important. Many indivlducils fear computer utilization, and this 

har can be very detrimental to their performance In a highly 

e~puterlZed environment. 

Before fear of computers, or computer anxiety, can be ana-· 

ly zed, it must first be Identified. The state/trait theory of 

anxiety proposed by Splelberger (1972) was used as a foundation 

fur describing the new phenomenon of computer anxiety Identified 

In this research. 

The intent of this study was to develop a measure that could 

be used to i dent I fy ind Iv i duals who had a tendency to become unu-

~ally computer anxious when faced with a situation in which com-

~ters were involved. This tendency to become anxious ls called 

the trait of computer anxiety. The actual development of anxiety 

~en the individual Is involved with computers ls called the 

state of computer anx I ety. The Computer Anx I ety I ndex (CAIN) is 

Intended to measure the trait of computer anxiety, and to be pr.e

dlctive of the development of the state of computer anxiety. 

Thre e goals were identified to Insure that the final product 

~the study would be a usable paper and pencil test of computer 

~xlety. These three gocils were as follows : 
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1. Develop a general measu r e of computer anxiety. 

2. Gather information to test the re l labi 1 lty and 

of the instrument . 

3. Gather data to be used as norm references for the test 

Before the p r ocess of developing the actual test 

begin, a clear definition of the computer anxiety had to 

de veloped to guide the development process . Computer 

def ined as the fear or apprehension felt by an Ind i vidual w 

using ~omputers, or when conside ring the poss lbll lty of compu 

utilization. To further clar ify the construct, 

that, although there are rational fears related to 

ut ilization, (e.g . job displacement, Increased exposure 

at ion from terminal sc reen s) the fears that were being add resse 

in this study were fears that could be 

Ce. g. impending doom or sure calamity because of 

computers). 

This definition is quite helpful in guiding the developme 

of the computer anxiety measure, but to further assist 

development process, the construct had to be further described I 

terms of the observable behaviors that suggest the underl yi AI 

feelings re lated to computer anxiety. In other words, It WIS 

neces sary to def lne how we would know if someone we re computer 

anxious. This Is important since the ultimate purpose of the 

CAIN ls to predict the state of computer anxiety. Thus, 

behaviors of that state mus t be identif i ed so that the predlcti~ 

ability of the test can be val idated. The following are the 
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were identified as being indi cative of computer 

1. Avoidance of computers and the general areas where 

computers are located. 

2. Excessive caution with computers. 

3. Negative remarks about computers . 

4. Attempts to cut short the necessary use of computers. 

t1ETHODOLOG Y 

WI th compu.te r anxiety clearly defined, and Its indicative 

behav lo rs enumerated, it was possible to begin the process of 

develop l ng the actual test of computer anxiety. It was decided 

that the test would use a s ix point LI ke rt scale of agree-

•nt/disagreement and that the Hennerson, Morris and Fitz-Gibbon 

(1978) model of psychological test development would be used . 

The fir st step In this development p r ocess was to generate 

'lUmerous test items that would be Indicative of an Individuals 

feelings of anxiety toward computers. Rohner (1981) had prevl-

ousJy developed a measure of computer anxiety, but It was specif-

lcally directed toward prospective teachers, and there were other 

11\lnor problems Id entif ied with it. However, the Items of the 

Rohner test were used to suggest o ther more appropriate Items. 

Co11 ege students were also asked to generate statements reflect-

1
119 how they felt about computers. These statements were used to 

suggest items that reflected an individual's feel lngs of anxiety 

toward computers. Test I tems were generated that related to the 

322 



previously defined construct of computer anxiety . 

definition and the associated behaviors were used 

criterion for an appropr i ate i tem . 

Once items were developed, they were p il ot tested 

mine if they were good d i scr imin a t o r s . As a result of 

test, poor i tems were i dentified -and eliminated, and 

Items were mod ifi ed. A second pilot test was completed , and 

the best items were kept to make up the final version of the 

puter Anxiety Index. This rigorous development and pilot test ! 

procedure accounted for the high level of rel i ab ll lty 

later found to exist. 

The nex't ·goal of t his project wa s to dete r min e the rel lab ll 

ity of the test and to gather Informat i on to demonstrate 

validity of the test. College students enrol led 

four st 
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uatfl instructional media c lass at Iowa State University were use valid measL 

as subjects in gathe ri ng thi s Info rmati o n. The r e llabil ltyof the STAI i ~ 

the test was measured using two different method s . The in ternal Its adrninl!: 

consistency of the test was checked using Cr onbach's (1970) coef· strued as n 

f ic ient alpha formula. The studen t s were al so tested ~. I STAI was ac 

retested with an intervening period of three weeks to test the front of 

test/retest rel iabl 1 ity of the measure. l11dlvldual 

The establishment of the rel! ab t 1 i ty of the test made 1l state of at 

possible to examine the validity o f it. The validation portion of anxiety 

of the study was done us in g students 1 n an instruct i ona 1 med le The t i 

c l ass at Iowa State Univers.lty a s subjects . This g roup was ch~ ~serve su 

sen because part of the ir planned curriculum included a two ho1.ff Observatio 

labo r atory session 

with a computer. 

in which the students were require d to work 011 his/her 

Judged on 
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four steps were followed to demonstrate the validity of the 

Anxiety Index (CAIN). The first step was to administer 

CAIN to the subjects two weeks before their lab on computers . the 

CAIN was administered prior to the subject 's required use of 

t he Pi loi compute rs because the CA IN was being developed as a measure of 

stlonable the trait of computer anxiety (rather than the state of computer 

and anxiety) and naturally as a predictor of the development of the 

the ~ate of computer anxiety under the proper conditions (I.e. expo-

t test!~ s1:1re to computers) . 

that wa,s The second step of the validation process was to administer 

tfle State - Trait Anxiety Index (STAI) (Spiel berger 1970)., which 

r el iab l l· w-as intended as a concurrent measure of computer anxiety. The 

r ate the SiAI was chosen as the best measure to use as a concurrent meas-

1dergrad· 1tre of computer anxiety because there was no other appropriate., 

Nere used v·al id measure of computer anxiety in existence. However, since 

J llity oJ t.he STAI is actually a measure of general anxiety., the timing of 

internal Its administration was considered crucial if i t was to be con-

70) coef · strued as measuring computer anxiety. The state portion of the 

;; ted and SiAI was administered to the subjects after they were seated . in 

test the foont of the! r computers. The assumption was made that if an 

ind Iv i du a l had the t r a i t of compute r an x i e. t y they wo u l d de v e l op a 

made it s.tate of anxiety while seated before a computer., and this state 

, portion of anxiety could be measured by the STAI. 

l al med ia The th ird step of the val ldation process was to actually 

was cho· observe subjects while they were using computers. During this 

two hour Observation session, a judgement was made about each indiv i dua l 

to work on his/her observed level of computer anx i ety. Subjects were 

hidged on a three point scale , either computer anxious , neutral ., 
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or comp~ter comfortable. The criterion on wh i ch the 

were judged were those behaviors that were stated earlier 

being ln91catlve of the state of computer anxiety. 

The final evaluation procedu r e was to compare the results 

the three independent measures of computer anxiety. The STAI 

the observed measure of computer anxiety were correlated to t 

results of the CAIN. It should be emphas ized that 

measures were each very different. The CAIN was a measure of 

trait of computer anxiety, and the portion of the STAI that 

used was a measure of the state o f anxiety. Both of these 

ures were administered using self-reports, while the 

measure was an observational one. The observation wa s also 

urlng the state of computer anxiety, wh i le the test was design 

to measure the less transient trait of computer anxiety. Sl ntt 

these three measures were each somewhat different, It was not 
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expected that their correlat i ons would be extremely high. To bt using two m 

demonstrative of the val i dlty of the CAIN however, the corre· subjects we r 

latlons of the measures had to be posit i ve and significant. The coeff I c I 

The collection of normative data was the third and fl "I'' .90 Cr=.90). 

goal of this study. The Intent in collecting this data was to The Int 

allow a person who might take th i s test at a later time to be test of the 

compared to others who had al ready taken the test. coefficient 

The following six groups were Ident i fied as being important ,94 Cr=.94) . 

and i nteresting to. those concerned wi th compute r anxiety : 

1. Computer professionals 

2. Those who use computers on a daily basis, but are 

not computer use r s 

3. Educators 
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9reup was . 9 
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4, Junior high school students 

?a r lier 5. College students 

6. Adults who fit none of the above categories 

i e STAI Subjects for the collection of normative data were sol !cited 

1ted to across ' the state of Iowa. They were from schools, bus!-

~sses and government agencies. 

The Intent in gathering this data was not to ident i fy sclen-

comparable random samples, but to gather a large volume 

hese Therefore no scientifically val ld comparisons should be 

the u de between the groups of subjects. 

also 

s des I g.ne( RESULTS 

t y . SI nee 

t was not The computer anxiety index was found to be highly rel I able, 

gh. To be us i ng two methods of demonstrating rel iabi l lty . A group of 25 

t he corre- subjects were tested with the CAIN, and retested 3 weeks later. 

a nt. ~e coefficient of rel iabll tty for the test/retest situation was 

and final .90 (r=.90) . 

t a was u The Internal consistency of the second administration of the 

I me to be lest of the above mentioned subjects was checked using C ronbach 1 s 

coeff I c i ent alpha met hod. The coeff I c I ent a 1 pha was found to be 

important .94 Cr=.94) . The internal cons i stency was also calculated for a 

y: "cond group of randomly selected from the tests returned as part 

~the collection of norm data. The coefficient alpha for th i s 

group was .96 Cr=.96). 

The three i.ndependent measures of computer anx I ety, (the 

~ I N , STAI and observation) ware taken and they all correlated 



positively and significantly with each other. The 

constant of the STAI with the CAIN was . 32 (r= . 32) . 

ject population of 111, this was significant be yond the . 01 le 

(p § .01). 

The observation measure was corre l ated with the CAIN and t 

correlation coefficient was .36 . Th i s t oo was s i gni f i cant bey 

one avenue 

If th errni ne 

.... 11ar as t 
5 I•" 

rlll 9 
roups s he 

pos ! 

the .01 level (p § . 01) . skewed ' 

The normative data was successful l y col l ect ed a nd compi le 

Table 1 shows the number of subjects, the i r mea ns, standa r d dev 

ations and the range of scores for each of the s i x groups. 

scores were grouped Into 2/10 Intervals and compiled into a 

cent! le table (Table 2) to allow easy comparison . 

ANALYSIS OF RESULTS 

The re 1 i ab I 1 I t y and v al id l ty figures g ive s tro ng ev I de nee 

iden 

most peop 

However, 

tnd; v 1 du a 1 s i r 

frcm the r est 

see1'1S to ind i 

c:omput er s on 

computer a nx i 1 

that the test Is measu r ing what I t was desig ned to me a sure . The d!stributl o n · 

normative da t a gives some Indi c at i on o f the no r mal r ange of ver y. ' lnt e r es t 

responses that can be expected f r om the test. The resu l ts lmpl• A second 

that a necessary measure Is now ava 11 able fo r future r esearch and Ir. exam i n 1 n g 

evalua.tion . The stated goal of the project, to deve lop a usab le t rea t ment or 

measure o f compute r anx I et y , was accomp 1 i shed . The test can be ure changes 

used as a tool ln career planning, and as a tes t to I dent ifY about cornputE 

ind i viduals In need of spec t al t r a in ing . Put e r an x i e t ' 

I n addition to· the accompl i shment o f the sta t e d goa l s of the can be used · 

stud y , th i s study I s signif i cant as a n important f irst step in tlve i n r edu• 

the sc i entific exa~ i nat l on of the phenome non of computer an xl etY · 

This study provi des a too l t o use I n that exami na tion . 
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one avenue of research that is suggested by this study ls to 

several groups that were Inspected are ln fact 

normative data would suggest. Four o f the six 

~groups showed normal distributions skewed to the right (to -

AIN and t positive). (The group called "other" was not suffl-

to show a regular distribution, and the teachers 

skewed and elongated dlstrlbutlon.) This is as can be 

a measure that Is examining a phenomenon that is 

ndard deV>t· generally identified as a negative one. The distribution shows 

r o up 5 • Tlie t/Ta t rrio st p e op l e c 1 us t e r a round t he l e s s an x i o us end of t he s ca -

i nto a Per. le. However, even with a skewed distribution, there were 

Indi v iduals in all of the six no r m groups that were separated 

from the rest of the group by at 1 east one full i nterva 1. Th 1 s 

seerris to i n d i cat e that i n a 1 1 groups, Including people who use 

~mputers on a dally basis, there are those who are critically 

1g evidence computer anxious . The examination of this pecul larlty In the 

3su r e. The distribution of the scores of the norm groups could prove to be 

range of ve r Y I n t e re st i n g and en 1 i g ht en I n g • 

; u 1 ts I mp 1Y A second area in which this study could be very valuable is 

~ search and In examining the change in computer anxiety fol lowing a specific 

) pa usable treatment or remediation activity. The CAIN can be used to meas-

: est can be Ure changes in computer anx I ety. Si nee the reason for concern 

: o ldentlfY about computer anxiety ls that it is generally bel leved that com-

~ter anxiety may Interfere w i th people's functioning, this test 

>als of the can be used to determine which treatments prove to be most effec

; t step in tlve in reducing computer anxiety. 

~ r anxletY• 
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CONCL.USIONS 

The Computer Anxiety Index is a val Id and reliable test 

can can be used to measure computer anxiety. This tes t 

several practical appl !cations . It can be used effect Ive 1 y 1 

the further study of the phenomenon of computer anxiety. 

also be used as an evaluation tool by guidance counselors 

Identify students that are either well or poorly suited 

careers involving computers. It can also be used 

and educators to identify Individuals who are in need of specfa 

curriculum or training programs to help reduce computer anxiety, 

REFERENCES 

Mear 
by t 

-------------· 

-------------· 

!'lean score 

stand a r d 
deviation 

LOW score 
(1 = lowest 
possible) 

High score 
(6 = highest 
possible) 

-------------
the hi 
anx1et 

Tab 1 e 2. Per 

Col leg 
Croncach , L. J. Essentials of Psychological Testing. 
tlon. 

Thi rd Edi • studen 

New York: Harper and Row, 1970. 

Hennerson, M. E., Morris, L., & Fitz-Gibbon, C. How to Measure 
Attitudes. 

Beverly Hills, CA: Sage Publications, 1978. 

Rohner, D. J. 
Anxiety 

Thesis. 

Deve 1 opment and Va 1 I dat I on of an Index of Computer 
among P respect Ive Te ache rs. Un pub 1 I shed Master' ' 

Iowa state university, 1981. 

Spiel berger, 
Resea rc h. 

Volume I. 

c. D., Anxiety Current Trends In Theory 

New York: Academic Press, 1972. 

Spielberger, C. D., Gorsuch, R. L., & Lushene, R. E . STAI Manu~ 

a 1 • 
Palo Alto : Consulting Psychologists Press, Inc., 1970. 

329 

1. 0 0 
1. 2 
1. 4 1 
1. 6 4 
1. 8 8 
2. 0 14 
2. 2 24 
2. 4 35 
2.6 47 
2. 8 59 
3.0 69 
3. 2 78 
3. 4 86 
3.6 91 
3. 8 92 
4.o 94 
4.2 
4.4 96 
4.6 97 
4.8 
5. 0 99 ....... _ ---------



e test that 

s test ha1 

ectlve ly 11 

ty. It CC!ll 

nselors to; 

suited f or 

y emp 1 overs 

of spec lad 

r anxiety, 

Third Edi-

to Measure 

:> f Computer 
:I Master's 

Theory a~ 

STAI Ma~ 

1970. 
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College Junior Prof es-
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-------------------------------------------------------------------
N 1 1 1 247 42 67 122 25 614 

1-1ean score 2.70 2.21 2.44 1. 7 8 1. 99 2. 21 2.23 

stand a rd 0 . 7 1 0. 6 7 0.92 0 . 58 0 . 54 0. 7 2 0.72 
aev I at I on 

LCWI score 1. 00 1. 0 0 1. 0 0 1. 0 0 1. 00 1. 12 1. 00 
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poss i b 1 e) 

High score 5. 0 4 5.04 4.69 3,73 4.28 4. 31 5.04 
(6 = highest 
possible) 

-~-----------------------------------------------------------------
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t ional 

Abstract 

This paper focuses on how microcomputer technology can be used to 

manage individualization that is based on student differences in cognitive style. 

Generalized approaches to individualization and the management of 

individualit:ation are discussed, along with specific approaches based on individual 

differences in cognitive style variables. Benefits from the use of computers for 

the management of this type of individualization and the requirements for 

management with microcomputers are presented. The paper concludes with a 

discussion of practical issues and implications to be considered in an 

implementation of this approach. 
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Cognitive Style and Microcomputers: Instructional 

Management Potentials 

The success of any individualization approach in large 

how well the process of mat ching individuals with alternative treatments can be 

managed. This paper focuses on how microcomputer technology can be used 

manage individualization that is based on student differences in cognitive styles. 

Although this topic has general relevance to the management of individualizatj 

based on measurable student differences on a variety of dimensions, attention w 

be given to considerations that can be derived from the growing body of resear 

on cognitive styles and its implications for the management of individualizatio~ 

As background to this topic, a generalized approach to the management ~ 

individualization, traditional approaches to instructional management based OI 

cognitive style differences, and benefits from the use of computers for t!I 

management of this type of individualization are described. The final sections it 

the paper describe the possibilities and requirements for the management 1' 

individualization with microcomputers and the practical issues and implications to 

be considered in an implementation of this approach. 

Generalized Approach to the Management of Individualization 

In defining the approach to be taken to the management <l 

individualization, including one based on cognitive styles, two compone1 

processes must be specified: the approach to individualization and the approa~ 

to the management of this defined individualization process. The past decade haS 

seen significant progress in the articulation of general approaches in both thest 

areas, such that it is possible to describe well-defined and evaluated procedures. 

· Beginning with the first component, specification of the individualizati~ 

approach, the approach defined by McCombs and McDaniel (1981) and Parkhur~ 
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and McCombs (1979) provides a basis for the following generalizable working 

model. This model consists of the following steps: 

1. Analyzing the student population to identify 
characteristics related to success/failure in mastering 
course objectives; 

2. Selecting or designing individual difference measures to 
assess student characteristics identified as important in 
step l; 

3. 

4. 

5. 

6. 

Administering selected individual difference measures 
to the target population in order to analyze reliability 
and predictive validity, using course performance 
variables of interest as criterion variables (e.g., test 
scores, failure rates, learning times, etc.); 

Identifying best predictors of student performance with 
current instructional approach; 

Defining alternative strategies/treatments for 
accommodating identified student differences; 

Specifying the individualization approach, including 
types of decision rules and procedures to be used in 
individualized assignment to defined treatments; 

7. Developing alternative treatments and randomly 
administering them to the student population; 

8. 

9. 

Evaluating alternative treatments and deriving selected 
decision rules; 

Implementing alternative treatments per derived 
decision rules and procedures; and 

10. Evaluating decision rule performance and revising as 
necessary. 

The end result of the foregoing process is a validated individualization 

approach. Ideally, it is at this point that individualization can be implemented on 

a full-scale basis, thus necessitating the need for an approach to the management 

of this individualization process. That is, a systematic procedure must be defined 

for moving students through the individualized program and keeping track of thei r 
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performance and progress. In defining the management approach, decisions 

to be made concerning the degree to which ongoing research and evaluation 

be supported during full-scale implementation. This would allow the manage 

system to be structured such that data required for research and evaluation 

be routinely collected along with data used for the management of stu 
I 

performance and · progress. Bozeman (1979) discusses several other factors tt 

considered when defining the management approach, including resources avail 

(e.g., availability of staff personnel or computers to perform 

functions), administrative support (e.g., commitment of upper level 

to the individualization approach), staff attitudes and competence 

perceived need for individualization and resulting need for 

development/training), and a variety of environmental factors (e.g., size 

school, number of courses to be involved, etc.). 

Regardless of the sophistication of the designed management system 

the degree to which it supports research; the general procedures to I! 

accommodated in the management of individualization include (l) administra · 

and scoring of individual difference measures, (2) diagnosis 

characteristics and prescription of specific treatments or 

(3) monitoring and evaluation of student performance on selected treatments, 

(4) formatting of data into necessary reports for both student 

instructor/researcher. These procedures are particularly well-suited fr 

implementation with computer-based technologies. 

For example, Bozeman (1979) describes how the conceptual model ti 

computer-managed instruction (CMI) can be used to assess instructional outcomdJ 

update records, identify instructional needs through reports, and group studeltlS 
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for instruction based on specified individual difference characteristics. Mclsaac 

and Baker (1981) maintain that microcomputers provide an effective way to 

implement CMI because they are less costly, provide more direct control, and 

aHow better user access and convenience than large mainframe, timesharing 

systems. More will be said about the use of microcomputers for the management 

of individualhation in the following sections. For now, however, the discussion 

focuses on traditional approaches to individualization and the management of 

individualization based on cognitive style differences. 

The Management of Individualization Based on Cognitive Styles 

Up to this point, the topics of individualization and the management of 

individualization have been treated in a general way. Recent research indicates 

that. individualization can be maximized by using information about cognitive 

sytles, sometimes more broadly referred to as learning styles (e.g., Cosky, 1980; 

Dunn & Dunn, 1979; Gregorc, 1979; Hunt, 1979; Keefe, 1979; Lindelow, 1983; 

Wardell & Royce, 1978; Whitley, 1982). Whatever term is used, it is dear that 

styles provide a theoretically based, multivariate method for adaptation to 

individual differences. Styles include student differences in cognitive, affective, 

and physiological characteristics or ways of perceiving, analyzing, interpreting, 

and responding to learning situations (Cosky, 1980; Lindelow, 1983; Wardell & 

Royce, 1978). 

Researchers applying individualization approaches based on cognitive or 

learning styles have generally handled the management of this individualization 

with manual,· teacher-based procedures. That is, they have implemented manual 

Procedures for administering and scoring cognitive style inventories, compiling 

scores into student profiles that can be matched with alternative treatments, 
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assigning students to these treatments, and administering appropriate 

and remediation. Examples of these indivi.dualization approaches inciude H 

(1979) implementation of a Conceptual Level Matching Model for mate · 

students' stages of development and present styles to specific teaching approa 

that differ in degree of structure; Anderson and Bruce's (1979) practi 

application of a plan for matching learning and teaching styles in a high sch 

setting; and implementations of treatment matching approaches 

cognitive styles in an elementary school setting (Ellis, 1979; Epstein, 

each of these examples, the primary responsibility for diagnosing, prescribi 

implementing, and evaluating the individualization rested with the teachers. 

A number of other applications of individualization based on cogn1t 

styles have used a cognitive mapping approach wherein Hill's (1975) Cogniti 

Style Inventory provides a cognitive learning style profile that can be used 

specify the conditions under which a student can best learn (e.g., Kusler, 197t: 

Strother, 1980; Whitley, 1982). Although some of these applications util;71 

computers for the analysis of inventory scores, creation of cognitive maps, a"' 

That< 
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generation of learning prescriptions, the total management of the 1982). 

individualization process is manually controlled by teachers and staff. 

Cavanaugh (1979, 1981) describes a diagnostic/prescriptive approach 

individualization based on learning styles in a high school setting where t 

computer is only used to analyze learning style information and produce sugges 

prescriptions by subject for each student. The management functions " 
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That computer-based techniques can greatly enhance the management of 

individualization based on cognitive or learning styles has been recognized (e.g., 

Cosky, 1980), but to-date costs of computer equipment have made practical 

applications rare. The emerging microcomputer technology is rapidly changing 

these possibilities, however, and provides an opportunity to overcome problems 

associated with manual management of individualization and the resulting 

limitations to individualization. For example, without the aid of computer 

technology for diagnosing, prescribing, and evaluating student performance and 

progress, teachers must spend considerable time in administrative and clerical 

tasks associated with student management. In addition, complex decision making 

1s difficult and refined matches of student cognitive style differences with 

alternative treatments are less likely to be based on updated student performance 

data. These limitations are particularly critical to the emerging science of 

individualization based on cognitive styles--a science t hat requires systematic 

analysis and decision making to revise and present a comprehensive learning 

environment with sufficient alternative treatments (Lindelow, 1983; Whitley, 

nent of tit 1982). 

:aff. Similarly, 

approach to 

'ing where the 

duce suggested 

: functions of 

reatments, and 

~ generally not 

As a final point, Lindelow (1983) has made a strong case for the position 

that simply matching treatments to a student's learning or cognitive style is not 

an adequate procedure. Rather, it is argued that the judgment and expertise of 

the educator/resear.cher should be used in determining how closely treatments and 

styles are matched. Lindelow (1983) recommends a matching approach which 

Periodically exposes students to demands that do not precisely match their styles 

in order to develop their flexibility and ability to select appropriate strategies for 

Particular learning contexts. The use of this more complex type of matching 
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strategy is particularly well suited for implementation within a computer,b 

management system. 

The Use of Computers in the Management of Individualization 

The development of computer management programs 

individualization of instruction has followed that of instructional computing ii 

general. The first CMI systems were designed for large mainframe compute!\ 

most commonly on a timesharing basis. An example of an early research effort i 

CM! in the public schools is WIS-SIM (Wisconsin 

Management), a project undertaken by the University of 

1972 (Mcisaac & Baker, 1981). This program ran on a mainframe computer ai 

stressed the grouping function of the management process in a variety 

curricula. A · concurrent study at the same institution involved a managem 

system called MICA (Management of Instruction with Computer Assistance}. T 

system emphasized the management functions of prescription and diagnom, 

applied to the tracking of individual student progress independent of grOlf 

progress. 

In 1977, the University of Wisconsin began working on a microcomputer 

management system based on the earlier mainframe CM! efforts. This syst 

called MICRO-CM!, is designed to handle both the diagnosis and prescrip · 

functions of MICA, as well as the grouping capability of WIS-SIM (Mdsaac 

Baker, 1981). The program runs on a single microcomputer. The entire syst 

includes the microcomputer, a printer, a sheet scanner, and disk drl~ 

(presumably two). As it has been implemented in the McFarland (Wisconsi~ 

Public Schools, MICRO-CM! functions as a tool used by teachers primarily w 

recommend groupings of students for instructional purposes, and to generate -I 
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variety of reports for teachers, parents, and students. As an example of its 

grouping capability, students in reading, math, and science are regrouped every 

two weeks. Compared to the 50 hours required for the manual regrouping of 200 

students in reading, MICRO-CM! accomplishes the same job at a higher level of 

sophistication in less than an hour. Grades are the criteria upon which grouping 

and diagnosis decisions are made, where grades presumably ref er to measures of 

mastery level of content or skill. 

Two examples of large scale CMI systems for the management of 

individualization in military technical t raining are the Navy's CMI system 

(VanMatre, 1980) and the Air Force's Advanced Instructional System (AIS; 

McCombs & McDaniel, 1981). Both of these systems are implemented on large 

mainframe computers and both systems accommodate a wide range of 

management options including student diagnosis and prescription, progress 

monitoring and management, test scoring and evaluation, report generation, and 

resource management. The AIS also has the capability for complex 

individualization decisions based on adaptive decision rules which utilize both pre-

course and within- course student information. In both the Navy and Air Force 

systems, printers and scanners are interfaced with the mainframe computer to 

provide a management terminal used for inputting student data and outputting 

student prescriptions and other management reports. 

Several commercial computer firms have designed CMI systems to be 

used in t he management of instruction. Control Data Corporation's (CDC) PLATO 

system and Hazeltine Corporation's TICCIT syst em are two well-known and widely 

used examples of commercially available CMI systems. Both of these systems 

Were originally implemented on mainframe computers, but are currently being 
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converted to microcomputer-based systems. The currently available rni 

PLATO capability involves a tie in to CDC's mainframe to handle managern 

functions. A new version of TICCIT, MicroTICCIT, is now being market 

however, which combines the authoring, delivery, and management of instrucf 

through a micro network system. A third commercially available system i 

manufactured by WICA T Systems, Inc. WICA T's capabilities include the hand!~ 

of CMI from several hardware configurations ranging from stand-alone 

networked microcomputers. 

Since the early l 980's, there has been a surge of interest 

microcomputers and their application to instruction (Charp, 1982). 

currently exists a large number of microcomputer firms (e.g., 

Commodore, IBM) offering stand-alone systems at relatively low costs. Drama 

cost reductions from mainframe to mini to microcomputers 

use of computers in education. This phenomena, combined with the increa2' 

memory and storage capabilities of microcomputers, have increased interest I 

using microcomputers for more than the delivery of instruction, i.e., computer

assisted instruction (CAI). Microcomputers are now being explored for C!il 

application and can be effectively used in the management of individualiza 

based on cognitive styles. The next section explores the range of managemel( 

options to be considered in designing a microcomputer-based system that c 

manage cognitive style-based individualization. 

Range of Management Options 

In designing a management system to Yl·a be implemented 

i~ microcomputer, two sets of options or requirements must be considered. 
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section considers the first set of options, what functions are required by the 

management system itself; the following section describes the second set of 

options, what equipment is required. 

Bozeman (1979, p. 51) has defined CMI as: "· • • management 

information systems designed to support certain management functions (e.g., 

planning, organizing, controlling) associated with individualization of instruction. 

The support of decision making, in particular decision making associated with the 

identification of the instructional needs of students and in the selection of the 

most appropriate instructional activities to meet these needs, is emphasized in 

systems of CMI." 

The following list contains most of those functions which have been cited 

as desirable in a computer-based management system (Bozeman, 1979; McCombs, 

1979; Mclsaac and Baker, 1981): 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Test administration 

Scoring 

Diagnosis 

Prescription, or treatment recommendation and/or assignment 

Automatic branching to on-line treatments 

Performance evaluation 

Report generation 

8. Resource management and scheduling 

9. Data base maintenance 

10. System evaluation 

Testing functions a11ow the system to administer a test or battery of 

tests to measure a student's entry level characteristics, including cognitive or 

learning style, as well as within-course performance. 
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Scoring includes the scoring itself and the st oring of scores for later 

in diagnosis and performance evaluation. 

Diagnosis is defined as the assessment of a student's entry I 

characteristics based on information obtained from 

Depending on the level of sophistication desired, diagnosis can also be extende{ 

the assessment of students' within-course performance or alternative treatme 

Prescription involves either recommending or assigning the student t3 

particular treatment based on the previous diagnosis and predefined decision r 

for matching student characteristics to treatment options, or to remedia~i 

based on individual performance evaluations and associated decision rules. 

Automatic branching is a capability that can be used if treatments 

provided on the computer in the form of CAI, wherein the management sy&t 

could automatically branch to the prescribed on-line treatment. 

Performance evaluation refers to the assessment of a student's level~ 

mastery on particular treatments. 

Report generation includes providing the instructor and/or research« 

with individual student data such as test scores, cognitive style diagnoses. 

prescribed treatments, and progress reports. Summarized group data could all 

be available. 

Resource management and scheduling is desirable in those applicati 

where there are limited resources (i.e. , less than the total number required tt 

support all students needing a particular resource such as CA I, sound-stit 

devices, etc.), and/or when there is a linear sequence of course units (i.e., l1l 

flexibility in the order in which the units can be taken). If these conditions do D>t 

exist , the assignment to a particular resource can be analogous to the assignment 

to a particular treatment. 
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Data base maintenance is necessary in order for any computer-based 

management system to operate successfully, i.e., data bases must be initialized, 

updated, and maintained. Data bases most likely to be needed for cognitive style 

management are (l) a data base of student information, including entry level and 

course performance data, (2) a data base defining the course hierarchy of 

alternative treatments, (3) a data base containing the decision rule parameters for 

each individualization decision, and (4) if resource management is included in the 

system, a data base containing the number and types of resources required for 

each course unit--to be used in determining resource availability. 

System evaluation is a management option that consists of a built-in 

evaluation system to aid the implementor or researcher in determining the 

success of the prescribed treatments, and therefore, the appropriateness of the 

system's decision rules~ 

Some of these functions may be considered optional, depending on such 

issues as (l) whether the system will be used by instructors only, or by students as 

well, (2) the balance between research and practical implementation 

requirements, (3) level of financial and other support allocated for the system, 

and (4) the level of individualization to be addressed. 

It should be noted that the management options discussed thus far have 

been in the context of CMI as defined by Bozeman (1979). In individualizing on 

the basis of cognitive style, the levels of individualization may range from gross 

cognitive style differences to very fine-grained ones. CMI is most capable of 

handling individualization at the gross level. As one approaches the finer 

distinctions of cognitive style, many of the management options listed above must 

be considered within the context of a particular lesson. This moves one away 
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from the realm of strict CMI, and toward CAL In other words, within a partic 

treatment, a student may be tested, diagnosed, and branched to a subtreatrn 

all within the context of a single on-line lesson. 

For example, if the overall management system determines tha 

student is a visual as opposed to an aural learner, it may make assignments la 

treatment consisting of graphic-intensive CAI. That lesson may begin with a 

to determine a finer level of style, say whether the student is a reflective 

impulsive learner. If the student is reflective, the pacing of the lesson may be 

under the student's control. If the student is impulsive, the pacing may be 

under the control of the system in order to encourage the student to take 

time to reflect on answers. Therefore, another consideration 

management options is how finely one wishes to distinguish cognitive 

differences, so that one will know whether management options should 

considered only on a broad scale, only on a fine scale within lessons, or both. 

In summary, the designer must determine which management func 

and what level of individualization are necessary or desired in order to eva! 

fest 
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the second set of options or requirements, those relating to computing hardware. than 

Range of Equipment Options repc 

The simplest, least expensive type of hardware system that could h cost 

CMI at some level would be a single microcomputer used in a manner similar 

that of the MICRO-CMI project described earlier (Mcisaac & Baker, 1981}. som 

should be noted that this type of system would be a tool used only by teachers that 

research staff. Although the microcomputer would cert ainly be capable coul 

administering tests and presenting CAI, it would be impractical to attempt ta line 

a single machine to t est and present instruction to an entire class of stude!lf poss 
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rests would be administered manually, and scores entered into the computer 

program's data base either manually at the keyboard or automatically by means of 

a scanner. Once the data bases are initialized in this manner, the system would 

be able to manipulate the data in just about any prescribed way. The MICRO-CM! 

system was reported to have the capability to store data on 1,000 students on a 

single diskette, and through swapping diskettes, do calculations on a population as 

large as 1,000. The major functions involved in management of individualization, 

diagnosis of individual need and prescription of instruction to meet that need, 

could be handled by a single microcomputer. Implementation of prescribed 

instruction would have to be handled off-line. 

The major disadvantages of using a single microcomputer for CMI are 

matters of inconvenience. It would involve quite a bit of diskette swapping, it 

would require a relatively long compute time compared to larger systems, and it 

would be limited to one user at a time. The major advantage is that a single 

microcomputer will do the job of managing ins t ruction, or actually recommending 

management strategies to be implemented, at a much more sophisticated level 

than would be possible manually, for the price of a single system. MICRO-CMI 

reported a cost of $15,000 for initial aquisition and $2,000 per year for operating 

costs, for a total of $25,000 for a 5-year period. 

Combining several microcomputers together in a network can offset 

some of the disadvantages of using a single machine. The obvious advantage is 

that a network is a multi-user system. This means that the management system 

could take on the function of test administration. Having tests administered on

llne would mean faster and more efficient scoring and data base updating. It is 

Possible that a network of this kind could be used to present CAI as well. 
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However, if one wants an overall management system in operation 

control the presentation of CAI, and update the data bases with information 

the lessons automatically, one would need to consider an addition to the net 

that would provide greater storage capability. 

A network of microcomputers that shared a hard disk drive wout 

such a system (Charp, 1982). The increased storage capability of hard disks 

mean that the management system itself, including its data bases, coul~ 

micro 

styles. 

available at all times, even during the presentation of CAI lessons that might For t 

loaded separately from floppy disk drives at the individual work stations. comp• 

advantages of increased storage capability is the possibilities of 

sophisticated decision rules, the handling of resource management, and 

only as much data as it can hold at any given time. This means that soot more 

functions, such as the system evaluation for research purposes, would need totf treat1 

handled during a time when the system was not managing students directly. cogni 

final advantage of having a hard disk drive is a matter of convenience ag · 

Diskette swapping could be eliminated or at least greatly reduced. 

Several computer companies are now coming out with 

network systems specifically designed for the training environment. For exam 

Hazel tine's MicroTICCIT is a system of microcomputers which shares a hard 

whet! 

apprc 

whet I 

need~ 

for storage of student records, courseware, and system software, including 1 1ndiv: 

management system, and a host processor with 256K bytes of usable memory ftf implE 

processing. This type of system addresses the problem of using microcornput both 

to handle complex management tasks without dependence on an expensi1' implE 

minicomputer. 
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Issues in the Implementation of Microcomputers for the 

Management of Individualization 

Issues in two general areas are of relevance to the implementation . of 

microcomputers for the management of individualization based on cognitive 

styles. First, it is important to clearly distinguish between what is meant by the 

management of individualization and the actual presentation of individualized 

treatment alternatives within the framework of microcomputer-based systems. 

For the purposes of this presentation, this distinction reduces to using the 

computer as a management tool vs. only for the presentation of instruction, i.e. , 

CMI vs. CAI. Because microcomputers can be used in either capacity and 

management functions can be performed in both CMI and CAI applications, it is 

necessary to determine which application is most suitable to the management of 

individualization. This is particularly true ii the individualization desired involves 

more than computer-based, on-line treatments and makes use of off-line 

treatments as is likely to be the case when individualizing to accommodate 

cognitive style differences. As has been suggested earlier, a basis for deciding 

whether a CAI or CMI approach to the management of individualization is most 

appropriate in the adaptation to cognitive style differences, is to determine 

whether gross or fine-grained treatment alternatives are required to m.eet the 

needs of a particular student population and content area. 

Second, it is important to keep in mind that the management of 

individualization can be addressed in both the context of classroom 

implementations and the context of research and development. Ideally, however, 

both contexts should be considered such that even in a pure classroom 

implementation, research and evaluation components are present, and likewise, in 
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a pure research and development context, classroom implementation issues 

addressed. Consideration of this issue is particularly important given the curr 

status of research in cognitive styles and the need for further experimentatiOQ 

and exploration of research questions (Ragan, Back, Stansell, Ausburn, Ausburl\ 

Butler & Huckabay, 1979) • In addition, incorporating research and practi~ 

implementation concerns in a microcomputer system for the management ~ 

individualization increases the likelihood that management and individualiza~ 

decisions will have both practical relevance and empirical validity. 

The preceding issues have implications for the sophistication needed 10 1 

microcomputer-based system for the management of individualization based QI 

cognitive styles, as well as concomitant implications for the selection 

particular microcomputer systems and configurations. In turn, these implicat1 

have to be considered in light of practical realities in the implementation settifl, 

That is, both the degree of sophistication and type of microcomputer systedl 

required for the desired management approach must be considered in light of sllG 

practicalities as available resources, staff commitment, etc. As Lindelow (1983} 

has pointed out, individualization efforts based on cognitive style or learning st)ir 

are likely to fail if the approach is too deman-ding, costly or difficult, if teaCT 

are not capable or committed enough, if the individualization philosophy 

misunderstood or not implemented properly, or if insufficient funds are availablt. 

For the foregoing reasons, therefore, it is critical to involve perso 

who will be part of the implementation and evaluation of the management syste!I 

in the design and development of this system. Mcisaac and Baker (1981) ha'I 

recommended a pilot project approach wherein users can be involved in the des!f 

and development of the individualization as well as its management. Such' 
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approach can lead to greater system acceptance and commitment to its successful 

implementation, as has been noted in efforts to individualize on the basis of 

cognitive styles (e.g., Cavanaugh, 1979, 1981; Ellis, 1979; & Epstein, 1981). 

In conclusion, the management of individualization based on cognitive 

styles is a complex but realizable solution to the problem of accommodating 

individual differences, when i mplemented with current computer- based 

technologies. The use of microcomputers for this management promises to 

provide both a practical and cost effective approach to maximizing student 

learning and motivation. 

3 .... 1 
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ABSTRACT 

The major purpose of this study was to investigate the effects 

of programed tutoring upon the reading comprehension of fourth-grade 

students enro lled in a Chapter 1 program. Reading comprehension was 

measured by the Reading Comprehension Test, Iowa Tests of Basic Skills, 

Form 7, Level 10. 

The subjects of this study were 69 fourth-grade students who 

scored -below the 37th percentile on the Reading Comprehension Test, 

Iowa Tests of Basic Skills, Form 8 , Level 9 in the Spring of 1982. 

One group (N = 35) received fifteen minutes of programed reading 

tutoring each day throughout the 1982-83 school year as a supple

ment to classroom instruction . The Houghton Mifflin Reading Series 

was used for classroom instruction and the Houghton Mifflin Tutorials 

were used for the programed tutoring . 

At-test was conducted on the two groups' pretest mean normal 

curve equivalents (NCE's) scores. This test was followed by an analy

sis of covari ance using the pretest scores as the covariate. Finally, 

mean gain NCE 's scores were analyzed using at-test . 

The results of this study i ndicated that programed tutoring did 

not significantly improve the reading comprehension of fourth-grade 

students enrolled in a Chapter 1 program when mean NCE's and mean 

gain NCE's scores were analyzed. A review of the descriptive statistics 
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presented evidence that the experimental group did narrow 

gap between themselves and the' control group. Thirty-two percent 

students in the control group showed a loss from 

test while only nine percent of the experimental group did so. 

trol group's posttest scores displayed a greater varibility than 

group's pretest scores while the experimental group 's scores varib 

remai ned relatively unchanged. 
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Background 

THE EFFECT OF PROGRAMED TUTORING UPON THE 
READING COMPREHENSION OF FOURTH-GRADE STUDENTS 

ENROLLED IN A CHAPTER 1 READING PROGRAM 

by Donna S . McGrady, Ph .D. 

Logan-Hocking School District 

Logan, Ohio 

Over 34 million do l lars were allocated to school corporations 

(districts) in Indiana to conduct Chapter 1 programs in 1981-82. 

Nationwide, over 2.6 billion doll ars were distributed to the 50 states 

1 

based on a formula that takes into a ccount the number of children living 

in poverty in each county of the state and the statewide per pupil expen-

ditures. The distribution formula is specified in Chapter 1 of the Edu-

cational Improvement and Consolidation Act (1981) which replaced Title 1 

of the Elementary and Secondary Education Ac t of 1965 and its later amend-

ments. 

Indiana school corporations that qualify for Chapter 1 funds, as 

determined by Chapter 1 criteria, may expend these monies for remedial 

reading, mathematics, or language arts programs. Over 95,000 students 

received a Chapter 1 reading service compared to 26,000 in math, and 

2800 in language arts during 1981-82. 

Programed tutoring was used by only 25 of the 189 school corporations 

of which the Tippecanoe School Corporation (Lafayette, Indiana) was one. 

Since 1976 when programed tutoring was implemented in the Tippecanoe 

School Corporation, TSC Chapter 1 student gains have been higher than the 

state wide gains as measured by normal curve equivalents (NCE's) . 
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The superior gains made by the TSC Chapter 1 students who have be 

taught using programed tutcr~ing would indicate that programed 

is a viable method for providing remedial reading instruction 

tionally deprived students. 

4e. . 
In these days of ever-..-creasing Federal dollar support for 

programs, it would seem appropriate to achieve the greatest gains 

ble with the dollars that are available. 

sults are that programed tutoring has the potential 

ally ef fective and cost efficient method for use in Chapter 1 proqr 

Problem Statement 

The purpose of this study was an attempt to answer the follCYW . 

question: 

Do fourth-grade students in a Chapter 1 reading program taught 

programed tutoring have a significantly higher inc rease in reading 

prehension scores than those not receiving programed tutoring as rn~· 

sured by the Reading Comprehension Test (R) , Iowa Tests of Basic 

Form 7, Level 10? 

Basic Assumptions 

The following assumptions were basic to the investigation: 

1. Reading is the most important skill a child learns in 

because it is vital for success 

the child to become a literate, p roductive member of socie 

2. Educationally deprived children should receive instruction 

d f · · b · k · 11 · dd · · h · t · r·•"ei e icient asic s i s in a ition to t e instruc ion ~-

in the classroom--a basic premise of ECIA Chapter 1. 
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3. Educationally deprived students should receive remedial 

reading instruction that provides the potential for maximum 

gains in reading comprehension. 

Limitations 

3 

First, ·second, and third graders are served first by the Tippecanoe 

School Corporation's (TSC) Chapter 1 program because these students are 

deemed to be the ones who benefit the most from the program, based on the 

gains reported by pas t achievement test scores. Since all el i gible students 

in the first three grades were served ~y the program, there were no students 

available from these grades to serve as a control group . Inclusion of 

students from the first three grades in this study would have strengthened 

this investigation. 

Sample 

This study involved 69 fourth-grade students from six elementary 

schools in a rural or suburban setting of the Tippecanoe School Corpor

ation , Lafayette, I ndiana . All s tudents included in this study scored below 

the 37th percentile on the Iowa Tests of Basic Skills (ITBS) Reading Com

prehension Test (R), Form 8, Level 9 in May, 1982. Students in the ex

perimental group were assigned on the basis of tutoring time being a

vailable when the student was not in a special class such as art, music, 

or physical education . Students' scores on the Iowa Tests of Basic Skills 

(Spring, 1982) were not a basis f or assignment to the e xperimental group. 

The experimental group (N = 35) received fifteen minutes of programed 

reading tutoring each school day t hroughout the 1982-83 school year as a 
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supplement to classroom instruction . The control group (N = 

no supplemental instruction. Both groups received classroom 

based on the Houghton Mifflin Reading Series. 

Stimulus Materials 

The Houghton Mifflin Tutorials designed to be used as a suppl 

to classroom teaching based on the Houghton Mifflin Reading Ser~~ 

used with the experimental group. The programed tutorial teaching 

materials include the Comprehension and Word-Attack (CAWA) Skills 

The Tutor's Guide Handbook and 

The CAWA Skills Books are nonconsumable texts that contain ~r 

lessons relating to oral reading, comprehension, and word-attack a 

The lessons are designed to teach the skills using t he same story 

and vocabulary that appear i n the Houghton Mifflin Reading Series 

The lessons in the CAWA Skills Books provides the pupil with exper· 

the same skills and in the same sequence as those provided in the c 

Procedure Description 

The tutoring process was carried out by 36 adult women who 

trained to tutor during 15 to 20 hours of formal instruction. 

training workshops were first held in the Tippecanoe School corpo. 

in October, 1978, when the Houghton Mifflin Reading Series was ad 

Approximately sixty percent of the tutors have worked in the 

tutoring program since its i nception in 197 8. Two certified 

teachers are employed by Chapter 1 to directly supervise the 
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Tutoring was done on a one-to-one basis between the tutor and student 

for fifteen minutes each school day throughout the 1982-83 school year. The 

teaching activities of the tutor were tightly prescribed by: 

1. 

2. 

detailed instructions that must be followed explicitly , 

teaching materials included in the Comprehension and Word- Attack 

(CAWA) Skills Books, and 

3. the pattern of the pupil's successes and failures on each lesson. 

A master list specifies the order in which t he different kinds of 

lessons are taught by the tutor. The Tutor's Guide Item Programs Booklet 

gives step-by-step instructions on how to teach each kind of item . There 

are a total of 11 Item Programs, one of which the tutor is directed to use 

by a notation on the bottom of a lesson page in the CAWA Skills Books. 

The procedures the tutors followed were highly individualized so that 

the student progressed at the maximum rate of which she or he was capable . 

The pupil was not required to complete any particular number of lessons in 

one tutoring session. The tutor praised the pupil for every reading task 

completed successfully by saying "good, " "great," "excellent , " "super," 

or whatever words a tutor was comfortable using. If mistakes were made , 

the tutor said "Let's try that again." The student was given the oppor

tunity to discover the correct pronunciation, response, or answer through 

a series of specified prompts the tutor gave. Notat ion was made by the 

tutor of how many tries or "runs" were necessary for the student to achieve 

complete mastery. 

Instrument Used in This Study 

The instrument used in this study was a paper-and-pencil test. The 
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Reading Comprehension Test (R) of the Iowa Tests of Basic Skills 

Multilevel Battery, Form 7, Level 10 was the specific instrument 

The Iowa Tests of Basic Skills Multilevel Battery was designed to 

comprehensive and continuous measurement of growth in the 

skills of reading, mathematics, vocabulary, language, and 

(Hieronymus, Lindquist, and Hoover, 1979a). The Multilevel Battery 

encompasses Levels 9- 14 and was designed for use at Grades 3-9. 

There are three major categories of skills objectives 

namely, facts, inferences, and generalizations. There is a total er 

skills objectives that are tested in these major categories. 

Collection , Scoring, and Report i ng of Data 

The Iowa Tests of Basic Ski l ls were administered to fourth-gri~ 

students in the Tippecanoe School Corporation whthin two weeks of tm 

Spring, 1983, empirical norm dates as specified by the test publishe 

The tests were administered by the school princ ipal in each indiv 

school building. Scoring of the tests and reporting of the normal 

equivalents scores (NCE' s) was done by the Riverside Publishing Co 

The previous Spring (May, 1982) the ITBS Form 8, Level 9 was 

istered to these same fourth-graders when they were completing t he 

grade. The NCE's reading comprehension scores from this test were 

as a pretest to determine if the experimental and control 

in reading comprehension at the onset of the e xperiment. 
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The Tippecanoe School Corporation (as do all other Indiana school 

corporations) reports Chapter 1 gains in normal curve equivalents scores 

to the Division of Compensatory Educat ion, Indiana Department of Public 

Instruction on July 1st each year . 

The normal cur ve equivalents (NCE's ) score r eported by the testing 

service converts percentiles i nto a normalized equal interval scale suit

able for computing and comparing gains in achievement . The NCE's score 

has the combined advantage of percentiles and stanines s i nce it can be used 

f or comparing the performance of a g r oup with that of a nor m group . It 

can also be meaningfully averaged. 

Research Design 

The Stanley and Campbell (1966) Nonequivalent Control Group Design 

(#10) was selected for this study because students could not be assigned 

randomly to the experimental and control gr oups. The Iowa Tests of Basic 

Skills, Test R, Form 8, Level 9 was used as a pretest to measure the equi

valency of both groups in reading comprehension. 

The dependent variable was the mean normal curve equivalents (NCE' s ) 

test scor es. The independent variable was the method o f instruction. The 

experimental group received programed reading tutoring in addit ion to c l ass

room instruction. The control group received classroom instr uction only . 

Subjects in both groups scored below the 37th percentile on the pretest . 

Analysis of Dat a 

The purpose of this study was t o investigate the effect of programed 

tutoring upon the readi ng comprehension of fourth-grade students who at 

the end of the third grade scored below the 37th percentile on the Reading 

Comprehension Tes t of t he I~.f'ests of Basic Skills, Form 8 , Level 9. 



The experimental group received fifteen minutes of programed tutor· 

each day during the 1982-83 school year while the control group r 

ceived no tutoring. 

Reading comprehension of both groups was measured by the 

Comprehension Test of the Iowa Tests of a·asic Skills, Form 9, 

Students' scores were reported in normal curve equivalents (NCE's) . 

Normal curve equivalents scores are normalized standard scores wi 

mean of 50 and a standard deviation of 21.06. The reading compreh 

NCE's scores served as the dependent variable. 

A comparison of mean NC.E's scores for the groups on the prete 

and posttest is presented in Figure 1. The mean scores of the two 

groups were closer on the posttest than they were on the pretest. 

general observation could be made that, on the posttest, 

group narrowed the gap that existed on the pretest between 

the control group. Median scores provided added weight to 

since the median score of the experimental group on the 

compared to a median score of 37 for the control group. 

the experimental group median score was 40 and the control group's 

only slightly higher at 40.214. 

The frequency distributions display the range of scores as we 

symmetry of the distribution of pretest and posttest scores for ea 

(see Figures 2 and 3). The range of scores for the experimental g 

37 on the pretest and 57 on the posttest compared to the control q 

pretest range of 17 and post test range of 49. The change in range 

control group's scores indicates a great er varibility which is bor:ll 

by a standard deviation of 5.087 on the pretest and 12.711 on the 

test . 
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Both groups' scores on the pretest were negatively skewed. 

posttest, the control group's scores exhibited nonsymmetry 

curve than did the experimental group's scores. 

The pretest data were analyzed using Students 

the equivalence of the groups, since subjects were 

to treatment groups. The !:_-test between the mean NCE's score of 27• 

for the experimental group and 36.000 for the control group result 

at of -4.43 which is significant at the .001 level with 48.94 degr 

freedom. This analysis indicated that the groups were not equivale 

the beginning of the study. This initial difference reflected a 1 

mean NCE's score for the experiment al group. 

The posttest scores were analyzed using an analysis of 

There was no significant difference between the experimental group 

the control group on the posttest when the pretest was 

iate in the analysis. Therefore, the two groups which differed at t~ 

beginning of the study did not differ at the conclusion of the stu~ 

when the initial difference was taken into account. 

Although Cronbach and Furby (1970) have cautioned against using 

gain scores for a measurement of change, the authors did note that 

or differences are worth estimating to provide an i ndicator of less· 

normal development so that individuals may be give n a special trea 

Cronbach and Furby state that "it is possible of course, given 

after scores on the same instrument, to estimate true gains of 

and to identify those who did and did not gain" ( p. 79). 

In view of the fact that all subjects in this study scored bel~ 

the 37th percentile on the pretest, it could be inferred that the re 
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comprehension development of these students had not kept pace with their 

peers. Because of this fact and the additional f act that scores report-

ed by Chapter 1 programs across the country are for mean gain NCE' s 

scores, an analysis of gain scores was performed. 

The frequency distribution of subjects' gain scores (pretest score 

subtracted from posttest scores) is shown in Figure 4. Appendices A and 

B provide the NCE's scores used f or the computations of differences. The 

frequency distribution in Figure 4 indicated that the control group had 

eleven subjects whose test scores were lower on the posttest than on the 

pretest. By contrast, the scores of only three subjects in the experi-

mental group showed a decline. The range of gain scores for the experi ..:.. 

mental group was 48 while for the control group it was 54. 

A t-test on the mean gains of the two groups was performed. (See 

figure 5). No significant difference (t = 1.40, 67 d.f.) was found be -

tween the mean gain scores of the groups . 

Conc lusions 

An analysis of the data from this study indicated that programed 

tutoring did not significantly increase the reading comprehension of 

Chapter 1 eligible fourth-grade students. The fact that the experi-

mental and control groups were not equivalent at the onset was an initial 

problem for the study. Since the experimental group's mean scores were 

significantly lower on t he pretest, r egr ession toward the mean cannot 

be ruled out when examining the gains made by this group. 

A trend evidenced by the study, i.e. fewer s tude nts who were tutored 

showing a loss between the pretest and posttest as compared to t he untutored 
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Figure 5 

Comparison Data for Mean Gain NCE's Scores 
for Both Groups 

Standard Standard 
Mean Deviation Error Median 

Skew
ness 

Experimental 11.057 10.724 1 . 813 11 . 250 -0.112 

Control 6 . 912 13.756 2.359 3.500 0.435 
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s t udents, is supported by past statistics compiled by the Tippecanoe 

school Corporation. Another trend noted was that students who were not 

tutored ~ended to exhibit more variability in their posttest as com

pared to a lack of variability in their pretest scores. Programed tu

toring seems to keep nearly all tutored students moving toward improve

ment in their reading comprehension scores . 

Ellson, et al. (1977b) found programed tutoring to be most effec

tive with students in the primary grades and students who were experi

encing difficulty with reading. Wang, et al. (1981) reported that Title 

1 programs had a postitive impact on reading achievement i n the first 

three grades only. Therefore, t he results of this study gave additional 

support to the previous f i ndings . 

The National Assessment of Educational Progress (1981) spoke of 

students in Title 1 programs narrowing the gap in reading achievement. 

The experimental group in this study did narrow the gap between them

selves and the control group which began the study with significantly 

higher scores. However, the gains made in narrowing the gap were not 

great enough to provide evidence that programed tutoring had a sta

tistically significant eBfect on reading comprehension. 

Campbell (1969) elaborated on the problem of evaluating the effec

tiveness of programs established by the Great Society legisl ation in his 

article on "Reforms as Experiments." He stated "that specific reforms 

are advocated as though they were certain to be successful" (p. 409). 

Because Chapter 1 is "believed to be successful," school districts are 

discouraged from withholding remediation from eligible students by random 

assignment of students to control and experimental groups. This study 
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would have been strengthened if students in the first four grades elig j 

have been randomly assigned to experimental and control groups. yean 

ter long experimental study would have been another preferable 

to the study that was undertaken . This would have allowed all prog1 

receive at least one semester of tutoring. sign: 

The data in this study do not present compelling evidence fo~ 

use of programed tutoring with fourth-grade, Chapter 

Trends detected within the constraints of this study 

that programed tutoring has a beneficia~ though not significant, 

on reading comprehension. 

Recommendations 

Further research should be undertaken to determine if 

tion delivered by a machine; specifically a microcomputer, 

at the fourth-grade level for Chapter 1 eligible students. 

fact that many school districts are purchasing microcomputers with 

monies, it seems appropriate to evaluate this method of instructio 

Campbell (1969) has suggested that where randomization 

or morally justifiable, the regression discontinuity design 

No Chapter 1 or Title 1 program evaluations included 

of research used this design. This design should be used in post 

~~~ rrh nn r.haoter 1 oroqrarns where local c riteria 
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eligibility criteria and instructional method have been used for several 

years. 

One can only wonder how long Congress will see fit to fund Chapter 1 

programs if research studies do not provide statistically and educationally 

significant results. 
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Appendix A 

Reading Comprehension NCE's--Experimental Group 

Gain 
or 

Subject Pretest Posttest Loss 

1 42 25 -17 
2 31 25 -6 
3 25 21 -4 
4 7 7 0 
5 25 25 0 
6 35 36 +1 
7 35 38 3 

)rk: 8 31 34 3 
9 21 25 4 

10 35 40 5 
chievement 11 35 40 5 

12 38 45 7 
13 38 45 7 
14 33 40 7 
15 38 48 10 
16 31 41 10 
17 37 48 11 
18 37 48 11 
19 42 54 12 
20 21 34 13 

\ . 21 18 31 13 
lucation. 22 15 28 13 
, 1979. 23 35 48 13 

24 31 45 14 
25 7 21 14 
26 31 46 15 
27 15 31 16 
28 5 25 20 
29 15 36 21 

x. 30 35 59 24 
31 25 50 25 
32 15 41 26 
33 35 64 29 

R. 34 15 46 31 
iopment in 35 15 46 31 
·ms Develop 
on Services Lowest score - 5 Lowest score - 7 

Highest score - 42 Highest score - 64 

--·- - -·-·----·-·--------·- - - ------ -



Appendix :B 
Read ing Comprehension NCE's--Control Group 

Or 
Sub ·ect Pretest Posttest Loss 

38 21 -17 
2 33 19 -14 
3 42 28 -14 
4 31 19 -12 
5 38 31 -7 
6 42 36 -6 

m 7 37 34 -3 
~- 8 42 40 -2 , 
f! ·~· 9 39 38 -1 

rS 10 37 36 -1 

.... ~ 11 42 41 -1 

'fJ 12 31 31 0 
~ 

"':!,1 1 3 37 40 +3 
;~ 14 37 40 3 ._ 
~ 15 37 40 3 ~ 11;'1; 16 37 40 3 
~ 17 35 38 3 () 

~ 18 40 45 5 
~ 19 33 40 7 ~ 
~ 20 33 40 7 
~ 21 40 48 8 ..... a 22 37 45 8 -~ 23 25 36 11 

24 42 54 12 
25 25 36 11 
26 42 58 16 
27 42 58 16 
28 27 44 17 
29 42 64 22 
30 25 52 27 
31 33 62 29 
32 31 61 30 
33 29 62 33 
34 31 68 37 

Lowest score - 25 Lowest score - 19 
Highest score - 42 Highest score - 68 



or 
-OSS 

-17 
-14 
-14 
-12 

-7 
-6 
-3 
-2 
-1 
-1 
-1 

0 
+3 

3 
3 
3 
3 
s 
7 
7 
8 
8 

11 
12 
11 
16 
16 
17 
22 
27 
29 
30 
33 
37 

TITLE: Naturalistic Inquiry: An Example Used in 
Photographic Research 

AUTHOR: Marina Stock Mcisaac 

386 

:' 

·' .. 

' .. 

' 
l 



Naturalistic Inquiry : An Example 
Used in Photographic Research 

Marina Stock Mcisaac 
Assistant Professor, Department of Educational Technology 

Arizona State University 
Tempe, Arizona 

Paper presented to the Research and Theory Division of the Association· 
Educational Communication and Technology, Dallas, Texas, January, 1984. 

387 

terms. 

as poss 

clescri P 

£-xperim 

may man 

of the 

Me 

have be 

data ga 

quanti i 

use an 

atti tuc 

seal in~ 

sorti n! 

data a1 

ana lyz· 

s 
in the 

1 i ttl e 

perce i · 

pres en-

invest 

and me 



1ogy 

Association 
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Naturalistic Inquiry: An Example 
Used in Photographic Research 

Naturalistic inquiry attempts to describe events in their own 

terms. Although such methods try to induce as little experimenter bias 

as possible, early works in anthropology and sociology were primarily 

descriptive and have been criticized for their lack of objectivity. 

Experimental studies, while not suffering from the same type of problem, 

may manipulate variables to such an extent as to lose the integrity 

of the research question, or to ignore large amounts of available data. 

Methods used currently in sociology, anthropology and psychology 

have begun to add scientific and quantitative dimensions to naturalistic 

data gathering techniques. Kempton (1981) has devised a method for 

quantifying significant features of ceramic pots. Szalay and Deese (1978) 

use an exp~rimental method within a subjective framework to study human 

attitudes and perceptions . Burton and Romney (1975) employ multidimensional 

scaling and hierarchical· clustering for sorting role terms. Such a 

sorting task combines naturalistic methods of inquiry with quantifiable 

data analysis techniques. This last method is particularly useful for 

analyzing visual and perceptual data and presenting it spatially . 

Studies exploring the significance of visuals have been plentiful 

in the literature (Fleming & Levie, 1978) (Dwyer, 1978). However 

little attention has been paid to the examination of differences in the 

perceived meaning of pictures or to the cognitive processes used. The 

Present study was designed as the first in a series of inquiries to 

investigate the use of multidimensional scaling tehcniques for observing 

and measuring underlying dimensions commonly perceived by viewers. 
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SUBJECTS 

Fifteen university age students, 19 to 45 years old, 

for the study. They ranged from having - no previous art background 

those having 2 years of graduate study i n art . Cultures represented 

Anglo, Mexican-American and American Indian. G if 

MATERIALS 

Stimuli consisting of 34 colored photographs il l ustrating a var; 

of concepts were presented to the subjects . Sorting these stimuli in~ 

perceptually relevant groups was used as a primary method for recor~ in 

judgments . Of the original 100 photographs selected to represent 18 

visual categories, the 34 pictures receiving the highest similarity rn 

in a pilot program were selected for :the final 

presented randomly across pairs and subjects. 

subje 

using 

{Gree 

simil 

di men 

Co-or 

space 

facto 

PROCEDURES is no 

Three types of data were collected : 1) Similarity judgements bet Inter 

pairs of pictures 2) Interview information including subjects' verbal 

descriptions of picture groups, and 3) Demographic information about 

subjects . 

Si mil a ri ty judgments 

Similarity judgments formed the bases for a quantitative, exper1 

analysis resulting in a multidimensional or spatial representation of 

stimulus field . Subjects were given 34 pictures to sort and were told 

group them together in any meaningful way they chose. When the task w~ 

completed the picture numbers were recorded by group and interview 

information was collected. 
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A 34 x 34 individual similarities matrix was constructed for each 

subject. The lower half of the matrix contained the scores and the 

di agonal was eliminated. A binary code was used. Each of the 561 

similarity ratings was coded as either l if the stimuli were paired or 

0 if they were not. Individual similarity matrices were summed across 

subjects and a mean similarity matrix for all subjects was obtained 

3 

using a special SAS<!Dprocedure desiqned to accommodate similarity ratings 

ng a variety (Greenbery, 1983). 

t imuli into The resulting proximities, figures representing the amount of 

r recording simi 1 ari ty between pictures, were used as the data source for a multi-

esent 18 dimensional analysis using the ALSCAL technique (Young & Lewyckyj, 1980) . 

1ilarity rat1 co-ordinates were derived and proximities were plotted in multidimensional 

i were then 

?ments betw~ 

:s 1 verba 1 

ion about 

1e, experi 

1tation of ~ 

j were told IJ 

the task was 

t erview 

space to allow visual inspection of the data. 

Multidimensional scaling (MOS) was chosen over factor analysis because 

factor analysis assumes a linear relationship between variables which 

is not always appropriate with perceptual data. 

Interview information 

Quantative data obtained from similarities measures and 

multidimensional scaling was matched with verbal descriptors provided by 

the subjects. This resulted in subject generated labels to describe data 

groups. Adjective descriptors used alone to define contents of a picture 

are subjective and without structure. Similarity spaces expressed as 

Proximities, however, are mathematically derived and empirically stable . 

Adjective descriptors used in conjunction with empirical data are of use 

in interpreting the resultant multidimensional spaces. In addition 
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judgment of similarities taken directly from subjects is less susGe 

to experimenter contamination (Schiffman, Raynolds & Young, 1981.) 

Demographic information 

Data was collected from subjects regarding age, sex, level of s 

amount of art background, ethnic co~unity and photographic 

This information provides data for comparative analysis of · 

variations between cultures, age groups and educational backgrounds. 

RESULTS 

The ALSCAL analysis indicated that subjects did indeed group 

photographs together according to certain similarity traits 

these photographs had recognizable underlying dimensions . 

of co-occurrences of stimulus pairs was determined by first constr~t· 

individual s imilarities matrices for each subject. These individual 

matrices were then summed across subjects to produce a single matrix 

of means similarities . The proximities, numbers reflecting the amount 

of simi larity perceived between a pair of photographs, were plotted 

spatially using the ALSCAL procedure (Young_& Lewyckyj, 1980,) 

Similarities 

Data from the Means Similarities Matrix is summarized in Table l. 

Insert TABLE l about here 

Of 561 possible pairs, 356 occurred less than 20 percent of the time. 

However, there were pairs of pictures which consistently were rated 

together as often as 80 percent of the time . At the upper 1eve1, theiiS 

was 80-100 percent agreement on seven picture pairs . They were 
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.. 

numbers 2 and 26, 12 and 17, 12 and 23, 21 and 24, 13 and 17, 20 a 

and 21 and 34 . Pairs 24 and 34, and 17 and 23 had 73 percent agre 

Pictures 12, 17 and 23, which had similar coordinate values were 

described by respondents as 11 closeups of people, some showing 

emotion, and some just riding on machines" (see Figures 1 and 2). 

Pictures 21 , 24 and 34 also had high proximities and similar 

values, (Table 2). Initial subject interviews revealed that 

perceived as· "pictures of people ... foreigners . . . Africans 11
• 

Multidimensional scaling 

Multidimensional analysis of the individual similarity matrices 

respondents indicated that the best conceptual space for the pictuPe 

differences was three dimensional. There was a rapid drop in stress 

to three dimensions and a corresponding improvement in squared corr~ 

The stress value for the two dimensional interpretation (Kruskal's 

stress formula 1) was . 209 . The corresponding Rsq was .830 . The three 

dimensional interpretation contained greater information and also 

coincided with guidelines for selecting dimensionality (Kruskal .& Wi·sb, 

Higher· dimensional solutions did not provide more insight into the datl 

The multidimensional results are shown in Table 2 listing stimul 

or picture number and corresponding coordinates for each of the three 

dimensions analyzed . 

Insert Table 2 about here 

Each dimension was normalized to a mean of 0. The ALSCAL procedure 

plotted stimulus coordinates and through a succession of iterations 

fit the proximities to the di stances pro vi ding a spa ti a 1 representati~ 

of the data, (Figures 1 and 2). 
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TABLE 2 

STIMULUS COORDINATES FROM COMPOSITE MULTIDEMENSIONAL SPACE SIMILARITY 
RATINGS 

Stimulus Coordinates 

Dimension Dimension 2 Dimens ion 3 
Life .~ature Culture 

1 l. 33 -0.57 -1 .47 
2 l .52 1.52 0.47 
3 -0.59 -0.98 -0.60 
4 -0.65 -0.93 0.89 
5 -1 .20 -0 .19 0. 19 
6 -1 .17 0.15 -0 .55 
7 -1 .44 0.16 0.04 
8 -1 .38 -0.09 -0.01 
9 -0. 91 -0 . 45 0. 71 

10 1 . 31 - 1 . 79 0.40 
11 -0.98 -0. 17 -1 .04 
12 -1 . 36 0.36 0.11 
13 -1 .39 0.17 -0.40 
14 l .19 0.10 -1. 66 
15 1.89 0.58 -0.53 
16 -0.02 -0.73 -1 . 49 
17 -1. 35 0.30 -0.04 
18 1 .36 -1 .69 0.51 
19 1 .62 1.52 -0.28 
20 1 .25 1.68 0.45 
21 -o. 78 0.55 0.81 
22 1.15 -0.01 -1 .82 
23 -1. 25 0.16 -0.49 
24 -1 .06 0.33 0 . 73 
25 1.51 1.64 0 . 23 
26 1 .36 1. 53 0 .36 
27 0.34 0.31 1.04 
28 1.12 -1 . 61 0.54 
29 -1 .40 0.14 0.15 
30 1.66 -1 . 38 0.53 
31 1.69 -1. 36 0.19 
32 -0.56 -0.21 1. 07 
33 -1. 36 0.24 0.12 
34 -0 .76 0. 71 0.85 
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Interpretation 

When multidimensional scaling properly analyzes proxtmities da t 

from a means similarities matrix, the resultant configuration produc 

clusters with common properties which are helpful in interpreting 

underlying dimensions. In this study,interview information 

from subjects provided the identification of dimensions and clusters 

phrases and concepts for coordinates plotted by the ALSCAL procedure. 

produced dimens i ons 1 and 2 (Figure l) and dimensions l and 3 

Subjective inspection of these figures, combined with subject 

information, produced the interpretation which follows . 

could not be done on this data since the dependent variables were te 

be identified by the subjects during the study and were not available 

a priori. 

The first dimension (Figure 1) contains close-up pictures 

smiling and frowning opposite pictures of mechanical objects. This 

dimension was labeled a 11 living 11
--

11 non- living 11 dimension, as a result 

i nsoect.i on of the Pictures and verba 1 descri pt i ans from subj_ects. Al 

Insert Figure 1 about here 

continuum from left to right are pictures #7 ( 11 close up of a happy 

couple kissing 11
) and #29 {11medium shot of older woman holding freshly 

baked muffins and looking worried, apprehensive 11
). Moving closer to tie 

center is picture #27 ( 11 long shot of person preparing food or cleaning 

... other culture ... no visible emotion 11
). Moving to the rig~t along 

dimension l pictures #14 and #22 represent the opposite extreme, percei 
•1) as non-living objects. Numbers 14 (''inside of a boat or an airplane 
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Figure 1. Dimensions 1 and 2 (unrotated} of the three- dimensional space derived by ALSCAL 
representi ng rel a tionships between 34 photographs. Interpretation of dimensions and 
group descriptions obtained f rom subject interview data. 
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and 22 (a steam locomotive with lots of energy) represent mechanical 

non-living but moving objects. Number 15, the farthest toward the no 

living extreme is ("geometric . .. abstract 11
). 

Neighborhood interpretation (Guttman, 1965) reveals that groups 

pictures have been described by subjects using similar adjectives. 

Pictures #33, 17 and 12 are all described as "close-ups of people". 

Pictures 20, 25 and 26 are seen as "old art and archeology". By 

further relying on Guttman's (1965) argument for pattern interpretat 

it can be seen that close-up pictures of people, man-made artifacts, 

patterns in nature,and nature pictures in snow tend to cluster toget 

in space. Inspection of the data reveals that clusters are small and 

display a high degree of correspondence . This is verified by the 

similarities data in Table 2. 

Interpretation of the second dimension as 11 nature---man made''was 

based on subjects' descriptions and the experimenter's visual inspectial 

of the clusters found at opposite extremes of the dimension (Fig.l). 

Although farther from the center line, definite groupings are visible. 

Pictures numbered 20, 25 and 26 represent 11 a skeleton carved in rock11
J 

11 a Goya type painting" and "some old pictographs on rock" respectiv'elf 

Subjects referred to this group as "old artifacts, art and archeology'. 

They are man-made and in the"non-living"quadrant of the dimensional 

space. As the groupings move from 11man-made11 to "nature-made", there is a 

cluster of nature pictures containing l eaf patterns and hill contours . 

Farther toward the extreme, pictures #28, 18 and 10 are nature phoW~ 

of "large cold spaces" . Dimension 1, the "l iving---non-1 iving" dirnens 

is complemented by dimens i on 2 which reveals a "nature-man made" spread. 
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The 34 pictures group themselves into six neighborhoods thus defining 

the parameters of the dimensions , 

When dimension l is plotted with dimension 3 (Figure 2), the 

pictures of people are broken out into "people like us" and "people not 

like us'' . Pictures #21, 34 and 4 suggest people from different cultures. 

Insert Figure 2 about here 

The dimensional difference is interpreted as "western--non-western" but 

a broader interpretation for that dimension might be "cultures with 

modern technology" (pictures 14 and 22) opposed to 11 cultures without 

modern technology" (pictures 27 and 32). 

Discussion 

Dimensions 1 (living- --non-living) and 2 (nature---man made) hold 

up well as shown in · the tables and figures. Dimension 3 (western culture 

---non-western culture) is weaker but still emerges as a dimension of 

primary consideration. The results of the analyses suggest that pictures 

are grouped by viewers according to commonly perceived inherent dimensions 

within the photograph. Although it is premature to identify the dimensions 

precisely, areas of universal dimensionality were uncovered which should 

be tested further. 

Three dimensional aspects; life, nature and culture appeared to 

contain primary visual meaning for the subjects in this study. This 

suggests the existence of a universality of meaning systems in visuals. 

Perhaps the structure of connotative meaning in photographs is universal 

whereas specific visual symbo l s are culture specific. 
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Concepts similar to this are supported in the areas of linguistics 

(Osgood, 1963; Miller, 1970) and in visual pattern perception (Oeregowski, 

1980). Osgood's (1964) semantic differential was the result of discovering 

three universal factors or dimensions of meaning in the affective domain: 

evaluative (good-bad), potency (strong-weak) and activity (fast-slow). 

The results of the present study suggest that there may be universal 

connotative meanings in pictures as well. 

Three directions are suggested for .future work in this area. In 

order to determine whether the dimensions suggested in this study are 

stable, replication is necessary. First, using the 3 dimensions as 

'a priori 1 categories, the same stimulus set should be used to detennine 

whether subjects continue to place appropriate pictures in the pre-

selected categories. Using the 3 dimens ions which have emerged in this 

study as dependent variables , a regression can then be performed to 

support the multidimensional analysis, Second, another stimulus set 

of photographs should be selected to include the same wide range of 

subject matter, and inquiry made to further explore the perceived 

importance of these dimensions (life, nature and culture) for other 

visual images. Third, the importance of a cultural dimension suggests 

eventual cross-cultural studies examining differences in categorization 

of visual information. 

Discovering universal dimensions by which people categorize and 

attend to visual information is helpful not only in further understanding 

the perceptual process, but in designing visuals for instruction. 

Investigating the visual meanings perceived by viewers may lead to a 

broader understanding of how cognitive processes interact with mediated 

instruction. 
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with the addition of rnicrocanputers into the schools at all levels, 

o,lllPUter-assisted instruction (CAI) is bein.;J integrated rapidly into the 

c:urricull.lll· Althot.gh many students initially are enthusiastic about 

(OllPUters, their continual interest and rrotivation (ie., continuirYJ 

.,tivation) to 1ir.Ork with CAI have not been investigated. (Swenson & Anderson, 

}982). CAI, however, has been found to reduce instructional time by as much 

done-half with no decrease in perfonnanoe (Dence, 1980; Kulik, Kulik, & 

c;ohen, 1980). Thus, a student's willingness to return to a cx:mputer-related 

taSk may be as inportant an outcane as improved perfonnanoe. 

Feedback in CAI has been found to improve student performance as measured 

by pre- and posttest data. Both relevant, informational feedback and feedback 

oontirYJent on student performance have resulted in higher performance 

(Magidson, 1977: Tait, Hartley, & Anderson, 1974). In another stu:ly, Anandan, 

Eisel, and Kotler (1980) reported that students receiving personalized 

feedback wrote better essays. 

Although feedback in CAI and rrotivation to return to task have not been 

investigated, evidence fran related areas suggests that encouragiBJ ccmnents 

or praise can influence m:>tivation. In a review of the literature on teacher 

praise, Brophy (1981) reported that praise should be individualized and should 

refer to the student's performance on the task in order to be effective. Fran 

research in the area of intrinsic motivation, positive conments given in a 

one-to-one situation led to increased J1¥)tivation with kindergarten children 

(Anderson, Manoogian, & Reznick, 1976), fourth graders (Sarafioo & Stinger, 

1981), and high school students (Harackiewicz, 1979). Corments referring to a 

stooent' s increased CCJ'l\:>etence at a task also appear to be related to 

l~reased rrotivation. Both elementary and college level students have 

~turned to task at a greater rate as they have felt roc>re canpetent on the 

initial task (Arnold, 1976; Boggiano & Ruble, 1979). 

1here is sane evidence that both cx:rrments and CAI may have a differential 

effect based on sex of subject. Males who received positive camtents returned 

to task more frequently o:inpared to males who did not, whereas the opposite 

~curred with females (Deci, 1971, 1972). Boys and girls also seem to choose 

different canputer-related tasks (Swigger, Campbell, fr SWigger, 1983). 

Task difficulty, interest, and task enjoyment are other factors which 
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appear to influence continuing zootivation. Harter (1975) has found that 

appear to have a greater desire than girls to solve challenging problems, 

while girls have a greater need for social approval. However, neither , 

nor girls will select tasks they think are too difficult (Harter, 1978). 

·addition, interest and task enjoyment were found to be related to continui 

roc>tivation in a study with fifth graders (Mosley, 1983). 

The present study was designed to investigate the effects of 

conditions on the 11Dtivation of t:x>ys and girls to continue with 

oanputer-assisted instruction. TINo ccmnent coriditions (ccmnent, 

were crossed with sex of subj ect. As is CXJ1110n in 11Dtivation research, 

subjects who chose the canputer for the next task were judged as showiD:) 

continuing notivati on. Questionnaires were used to collect data on other 

factors related to continuing RK>tivation such as canpetenoe, 

task difficulty. 

ftEl'HOD 

Subjects 

Sixty-two (62) sixth-grade students, 29 boys and 33 girls, fran a 

suburban elementary school participated in the study. The school was in a 

ir nanes c 

~onent gr< 

-,,,;:. practiC4 

scactice· 
1iM' CXJl'lll00tS 

1) 

2) 

3) 

4) 

saterials -
The uni 

materials pt 

1be unit CO\ 

dill!Ol'X3 , pal 

lntroductior 

each symbol, 
middle class socioeconanic area. Students were f amiliar with the cperation d ~ls. I1 

the school microccrnputers. subsequent l 

The ex1 
Procedures di.s"kette wa: 

~tment g 

Trained experimenters administered the study in the school canputer l~ diskette fo: 

Fourteen Atari 800 micr<:x::cmputers on a networkir¥J systen were used. subjectl Pre- a: 

canpleted a questionnaire and pretest before beginning a CAI unit. 'Itley perfonnance 

worked on the unit at their own rate. As subjects finished, they were given abJut the p 

the posttest and second questionnaire. llh.Ue the p 

Six sessions were conducted, each lasting approximately 30-35 minutes. t:elated to 

Students within each of three classes were assigned randanl.y to one of t.O IX\ the seco 

treatment groups: carment or no camtent. Only one treatment was adm~iste~ Pl!rceptions 

during each session. All subjects canpleted the sane CAI unit on flow chart 

s}'ffibols. ntey also received knowledge of correct results personalized with 
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£1teir nanes during the three practices in the unit. In addition, the cooment 

txeat:ment group was given CX'le positive carment related to cx:rnpetence after 

,,;;. practice. A ccmnent also was inserted in the middle of the third 

~-actice• 
!be ('XJllTlents were 

Materials 

1) G:lod job, (Name of student), you are doiN;J better than many of 

the other students. 

2) (Name), you are getting better a t identifying flow chart 

symtx>ls. Keep up the good work. 

3) (Name), many students can't do these problems so you are doing 

very well. 

4) (Name), congratulations. You did better than rrost other 

students. 

The unit on flow chart s~ls was adapted for the <X.mpUter fran 

materials previously tried out with fourth- through eighth-grade students. 

1he unit covers six flew chart symbols and their functions: oval, rectangle, 

dicmJOO, parallelogram, flowline, and bracket. lhe unit included 

introduction, objectives and infonnation, examples, practice, and feedback for 

each symbol. There were three practice act ivities, one after every two 

symlx>ls. Items a.bout previously learned symbols also were included in 

sub.sequent practices. For each item, students typed a siRJle letter answer. 
111e experimenters progrcstmed the unit for the Atari using PIIDT. One 

diskette was created for each treatment. The diskette for the ccrrment 

treatment group included the unit a00 the four positive annents. 'lbe 

diskette for the no carment treatment group contained only the unit. 

Pre- and posttests with questionnaires were developed to assess students' 

performance and attitudes. Both the pretest aoo the posttest contained items 

ab:>ut the purpose and use of flow chart symbols. The pretest had seven items 

lilhile the posttest had ten. 'l11e f irst questionnaire consisted of six items 

~lated to students' attitudes toward the oanputer and experiences with it. 

~ the second questionnaire, students responded to seven items atx>ut their 

perceptions of the CAI unit and their ccmpetence. 
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Table 1 

Frequency of Return by Student Attitude Responses 

rxiicatot 
posttest 

arch area, QUeetionnaire Item Responses 
s --
nee. 

Very Very 
ni. Well Well Badly Badll 

bout the 
I think I did * 15-01 

1. 32-5 6-1 1-1 
(100%) (86%) (86%) (50%) 

Very Very 
Interestins Int erestins Boring Borins 

11 design 
2. This lesson was ** 17- 1 33-0 4-3 0-4 

·r task waa (94%) ( 100%) (57%) (0%) 

Very Very Not 
Much Some Little At All 

I task by 3. I liked learning on 26-0 28-3 0-2 0-2 
ienty-five the computer ** ( 100%) (90%) (0%) (0%) 

similar 

No Too Too 
Easy Easy Hard Hard 

· posttest 

mean 4, This lesson was *• 4-0 30-3 20-1 0-4 
( 100%) (91%) (95%) (0%) 

in the 
Always Often Sometimes Never 

licated 5. I would like to know ••• 18-1 20-2 16-1 0-3 

i returnirq 
compared to others ** (95%) (91%) (94%) (0%) 

Lonships 

:ant 

?turns in * E<.03 

dropped· •• E<.0001 
of the 

x:>~e, onlY . 
The two numbers shown ar e the number of students who returned and -who did 

~ ) retunie1 not return. For example, of the students selecti ng very well in item 1 ' 
15 returned (100%) and 0 did not return. 
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Exanination of the data for the item "I think I didH reveals that all 

subjects who thought they had done very well returned to the ccmputer (ls 

while others returned at lower frequencies ( 32/37, 6/7, 1/2). Analysis G>f 

variance yielded a significant difference, F(3,55) = 3.35, p <.03. Also 
significantly related to return rate were subjects' interest in the les~ 

F(3,55) = 29.49, p <.0001 and how much they liked learning it on the ~ 

F(3,58) = 30.38, p <.0001. Seventeen of 18 subjects who thou;:Jht the les 

was very interesting and all who thought it interestirwJ ( 33/33) returned ~ 

the catp.tter, while three of seven who tholght it tx:>ring and none who 

it very tx>ring returned (0/4). Similarly, all subjects ( 26/26) who very 

liked to learn on the oatputer and 28 of 31 who liked it sane returned. tt; 

one who liked learning on the canputer very little or not at all returned to 

task (0/2, 0/3). 

Subjects' perception of task difficulty was related significantly to 

of return, F(3,58) = 17.28, p <.0001. None of those who thought the lesSOR 

was too hard returned (0/4). l'k>St others who rated it fran too easy to 

returned (4/4, 30/33, and 20/21). Eighteen of 19 subjects who always wanted 

H may 

Both . 

to know how they did canpared to others returned to task, while rx>ne retu 

who never wanted to knc:M how they canpared ( 0/3) • These responses were foom 
to be significantly related to return, F(3,57) = 12.76, p <.0001. 

learni~ o 
It is clear fran the data that a very high percentage of all subjects 111 mportant 

the study returned to the ccmputer task. 'lhis was true for 54 of 62 subjecti study was 

or 87%. Although only eight subjects did not return, statistically of the ~ 

significant patterns occurred in the questionnaire response but not with 1lhe 

experimental variables. 

DISCUSSIOO 

'nle present study was conducted to investigate the effects of positive 

corments related to canpetence on the continuing notivation of boys and gir11 

doing a CAI lesson. 1he relationship of questionnaire responses to conti 

rrotivation also was exanined. Results indicated a strong relationship bebiefl 

student attitudes and return to task. Significant attitude factors included . 
students' perception of their performance, interest level of the task, 

attitude toward canputers, perceived task difficulty, and desire to kroi ~ 

they did canpared to others. Data also SUJgest that the use of the canputer 
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uter ns; 
alysis of 

• Also 
he leSSon , 
the~ 

the lesaoo 

JtSE?lf may be a strongly motivational factor. However, no significant 

~tationship with return to task was _obtained for CCITl'nent and sex of subject. 

'!hat significant results were obtained for several attitude aD:l task 

aeJ.ated variables was oot surpr ising. One factor that sane researchers have 

~ to be imp:>rtant in continuing motivation is a student's feeling of 

&CJl!PE!tence (Boggiano & Ruble, 1979; Deci, 19751 Enzle & Ross, 1978). Student 

rfSPOOses to the statement "I think I did ••• very well, etc." · can be. 

7 

interpreted as indi cating perception of their own cx:mpetence on the task. lhe 

ttsni "I would like to know hCM well I did caripared to others• also is related 

to perception of cx:mpetence and was found to be significantly related to 

Similarly, task difficulty has been identified in several studies as 

111 important factor in oontinuing rrotivation {ie., "this lesson was too 

sasy-too hard"). In a graded situation, students will chcx:>se a task which is 

antly to r ...... .._ ... too hard for them (Harter, 1978). Similar results were obtained in this 

the lesson stlrly such that only students who rated the task "too hard" did not return. 

asy to hard the significant relationship occurring between interest in the task and return 

ways wanted telcbn has been investigated. Story (Note 1), however, has found an interest 

one retumd in the task to be significantly related to return rate. 
5 ~re foul¥l Both the overall return-to-task r a te and responses to the item "I liked 

subjects in 

62 subjects 

l y 

ot with the 

.f positive 

·ys and girlJ 

t o continui~ 

nship bet

·r s included . 
task, 
t o kOOW h(1ll 

he canputer 

learniOJ on the canputer" indicated that the microcanputer i t self may be an 

ilrportant f actor i n ~tivating s t udents to return to task. Although this 

stooy was not designed to i nvestigate experimentally the notivational effect 

ef the canputer, results indicate that it may have been the major factor. 'Ihe 

werall return-to-task rate of 87% was far higher than the 50%-60% rates of 

other continuiOJ rootivation studies (Hl.IJhes, 1982; Mosley, 1983). It seems 

likely that this higher return rate may have been a result of, in a large 

part, the desire to oontinue t«>rking on the microccrnputer. If this is the 

case, it is of particular interest because relatively little research has been 

CCXXiucted on the motivational value of the oanputer, per se. 

'Ihe lack of a significant effect for catments on return to task may have 

been due to any of several factors. Other researchers (Danner & I.onky, 1981; 

~i, 1971; Harackiewi cz, 1979) have found that increased return rates 

C(currecJ when students were given several cannents duriOJ one task. Similar 

results may not have occurred in this study because of the depersonal ized 

llature of the OCll\)Uter-delivered camtents. In addition, the brief nature of a 
8lr"rJle t ask and the relatively short t ime period may not have been ~rful 
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erouJh to establish a behavior pattern in students. Wlile we like to th ·. 

CXJTments influence student notivation, a greater msnber of nore personali 

caunents over a lcnJer period may be required. Finally, the overall hi1J1~ 

return rates for both the cx:mnent and ro a::mnent groups, possibly BSSOcia 

with a nr:>tivational effect frcm use of the oarputer, left little roan for 
oarments to have an important effect on return rates • 

Results of the present study suggest certain prcmisirx; directions for 

further research. One such area relates to use of the a:xnputer itself • 

Pesearch designed to investigate experimentally the effects on continuilYJ 

notivation of o::nplte~based tasks as contrasted to paper/pencil tasks, e 

w::>uld provide needed insight into the notivational value of micrc:x:x:'ltl>Uters, 

Investigations which looked at personalized ocmnents over l~er time migh 

yield additional information on effects of oarments. o.testionnaire data 
suggests that working with variables such as canpetenoe, interest in task, 

task difficulty levels also cx:>uld result in useful information. Further 

investigation of continuing notivation with variables such as these \o«>Uld 

better enable us to uooerst.aOO methods to help notivate students in the 

classn:x::m. 
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ABSTR1CI' 

The purpose of this study was to investigate the· re],ationship 

between audi tacy learning via rate m:xlified speech aro the learner's 

relative degree of field depe00ence/indepen:lence. Research related to 

the oognitive style of field dependence/indeperrlencel SU<J:Jests that the 

ability of field indeperrlents to .i)'Cpa3e structure upcn inforrratian may 

facilitate the processi_ng of auditory infarmatioo to a great.er degree 

than is possible far field dependent irrlivi~ls when informatiai is 

presented at varying rates of speed. Su:il research may also inply that 

croceptual density is a irore realistic variable for study tha1'l is 

absolute \t.Urd rate. 'lhe p:pilatioo. CD'lSisted of 80 graduate st:OOents. 

Materials used ccnsisted of nonnal, carpressed and e><p:aOOed versions of 

the !Myer Heart script aIXl the related evaluaticn inst.runents. Subjects 

were assigned to nonnal rate, carpressed rate or one of two expanded 

rates . After listening to their respective treatirents , stu::lents were 

administ.ered the four achievaoont · tests. Analysis of variance procedures 

am regressioo analysis were aw.lied to the data. 
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Purpose 

The purpose of this study was to further investigate the retl 

bebrleen auditory learning via rate-rn<rlified speech and the learnet•s 

relative degree of field dependence/independence . Considerable I 

has investigated the cx:nprehensian of verbal materials presented by 

of cxxrpressed or .rate controlled speech(Duker, 1974). A COITJ?rehensi 

review of this ·research (Olson and Berry, 1982) indicated, hOtlever , 
limi. ted research has focused on the interacticn of rate-ccntrollea 

carprehensirn arrl various learner aptitudes or :perceptual/coqni tve 1 

Furthenrore, such research has. given little consideration to the re 

ship between content ccrrplexity and presentaticn rates. 

would provide (1) a treans whereby a clearer understanding of audi 

informatirn processing oould be achieved and ( 2) clarification of 

relationship bebrleen learner cognitive style and conceptual density. 

Rate-Mcrlified Speech 

In an everchanging society with .an increasingly rapid pace, it 

becares rrore :inpartant for an indi vi.dual to a~e knew ledge and · 

tion in the nmt efficient arrl ~ent rranner. This inperative i i 

canpounded by the fact that individuals learn at different rates . 

tirre spent in instruction is an iirportant factor in maximizing ins 

al efficiency, technology has provided various rreans of altering r 

speech so that the instru.ctor or student may adjust the rate of 

presentation to suit his needs. This technique has been generally 

referred to as rate controlled speech or "Carpressed Speech ~ " 

Silverstone (1974) described this rrethod of rate control as the 
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••• reproducticn of an original recording in which the word-per-minute. 

ratio is changed to a sla.,rer or faster rate of speech withoot eliminating 

the pitdl or natural quality of the voice." Silverstone (1972) 

describes this technique as the process by whidl ccnscnant sOlmds are 

naintained as in the original production, vavel sounds are reduced and 

pauses are eliminated as often as IX>Ssible. 

Substantial researdl has focused 00 ooth intelligibility and catpre

hension of rate-rrodified speech. Intelligibility refers to the extent 

that one is able to repeat ~fonmticn which was presented or to discrimin

ate what one has heard. Catprehensicn refers to the ability to e~act 

kn<Mledge or ihfanratian fran what cne has heard, usually by carpleting 

an d>jective test. Generally, no significant differences have been 

found between normal and carpressed nodes in terns of a:nprehensim 

or intelligibility a t rates up to 250 words-per-minute (Foulke, 1966, 

1967). Foulke (1971) suggested that this implies a working, auditory 

processing limit of 275 words-per-minute. 

These findings have, · hONever, been qoosticned i n studies by Adelson 

(1975) and deHaan (1977). In a carprehensive stu:ly, Adelson (1975), 

utilized hour lcng lectures rather than short passages, presented as 

rates of 175 arrl 275 words- per-minute. '!he researcher suggested that 

shorter passages su::h as those used by earlier researchers do not ade

quately assess a listener's overall carprehensian. Findings of the sti..rly 

indicate that the length of stimulus materials is a critical factor. 

The traditiooal meas ures of intelligibi lity and cx:inprehensian were 

also investigated by deHaan (1977) in an atterrpt to deternci.ne if an 

individual ' s self- selected rate threshold could be used as a rreasure of 
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either variable. Fesults indicated that an individual's relative 

is an extrercely reliable indicator of canpressed speech intelligibi 

but not of canprehension. 

Fculke (1968b) reported that, with word rates ranging fran 12S · 

to 400 words per mi_nute, carprehension was fourrl to be adequate Ul'ltil 

the word rate exceeded 250 words-per-minute. 'As the word rate rese 

higher, the level of CCI!l>l'ehensicn decreases in an inverse prcportiai. 
. . 

Foulke hypothesired that adequate processing time is· needed for per 

of words in order for carprehension ·:to· ,OOOJilt"; If processing tine is 

reduced, a decrease in carprehensian results. 

inlicated to be a contributing factor in the level of carprehensioo. 

Hausfeld ( 1981) presented strong evidence far a working nerory proceS!dlr

limit of approximately 275 words-per-minute. 

This research did not focus, hcwever, on the af feet that exparrle) 

speech nay have on intelligibility and carprehensian. Since a sl~ 

rate of speedl. pennits increased processing tilre, reducing the word 

minute ratio could allCM the listener a rreans by which atrli tory inf 

tion could be processed mare fully. Speech expansion is a techniqw 

has been applied to situatioos where additional processing tine i s 

Law enfarcenent has fcund this use to be practical in si tuatirns ~ell 

dispatcher nrust understam or iilterpret an hysterical teleph::>ne call 

a foreign accent. Expanded speedl. alla-.rs the listener nore process~ 

ti.Ire to deci:Eiier what was said ('Ihe talk of the "t.c:Mn, 1978). 

Little empirical research has focused specifically upon the use 

of eJq?anded speech for general instructional purposes. Since it is 

frequently a goal to minimize the learning titre necessary for a 
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inf ornatian, expanded speech has not provided the m::st efficient rreans 

to attain this goal. HatJever, if the information to be presented is not 

of a general instructional nature but rather highly technical or canplex, 

eJ<Pailded speech nay provide additional prcx:::essing t:i.Ire to nore effectively 

aa;ruire the infonnation. 'lhus, expanded speech may prove to be a nore 

desirable presentation rate for particular learning tasks. 

It should be noted that current devices used for production of 

expan.1ed speech have no provision for pitch ccntrol. 'lherefore, the 

resultant rressages tend to be lCMer in pitch and sorrewhat distorted. 

According to the nanufacturers of such equiµrent (VSC Corp.) this distortion 

does not af.Pear to be deleterious to the carprehensicn arrl intelligibility 

of the naterial. 

Characteristics of the rressage 

Foulke (1968a) indicated that in neasuring carprehensian, there are 

two groops of factors which must be taken into consideration: ( 1) organ

ismic features and (2) characteristics of the signal. Organismic factors 

inclt.rle age, sex, intelligence and previous experience with the subject. 

Characteristics of the signal are ccncerned with word rate, rrethod of 

ccrnpressian arrl rate of ocx:urrence of the speech sounds. 

Relatively few researchers have devoted adequate attention to the 

characteristics of the nessage itself. This third area for cx:nsideration 

includes readability, cx:nplexity of infarmaticn and the relative density 

of ideas or concepts. 

Substantial research has focused an both intelligibility and carpre

hensicn of tim;;-ccnpressed speech. Generally no significant di.f ferences 

have been found between nornal and carpressed m:rles in tenns of cx:npre-
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hension or intelligibility at rates up to 250 words per minute ( 

1966,1967). _These fin:lings have, hav'ever, been questioned by 0 

that have examined crlditional variables 

250 word per minute threshold. 

One rrethodological prc:blem inherent in IIDch of this researd\ 

that they used a variety of reoorded rressages which did not take 

aa:ount the specific learning objectives or tasks a.00 the catplexi: 

inf annation. The efficiency index of Fairbanks used in past s 

assurred that all passages use.1 ~ of equal difficulty and · 

Factors such as the length of the stimulus materials, density of 

iterrs learned and not learner, and the difficulty of it:errs learned 

learned were not oonsidered (Adelson, 197 5) • other research su 

that regardless of the speaking rate utilized, increasing the di 

of the stimulus material results in a reducticn of the arrount of 

that is crnprehende.1 (Spicker, 1963) • Granmatical carplexity has 

been shONn to have an inverse effect on the azrount of a:nprehensi<JI 

carpressed material (Reid, 1968) . The type of information used tk1S 

effect on ccnprehensian arrl nay also represent related but dif£ 

aspects of listening carprehension. Regardless of the types of· 

the threshold for word rate may be la-.rer than what was originally 

identified (Fossiter, 1971). A listening threshold has been fomi 

a rreasure of intelligibility but not ccnprehensian. 'Ihese threS!llJllll 

are oonsideredto be sensitive to irrlividual differences and ref.iect 

terrporal limit of infonnatian processing {deHaan, 1977). 

little generaliz.ability fran these findings is p::ssible. 

421 

va: 

in 

"p 

th 

Mc 

ti 

"c 

ex 

UI 

b 

R 

b 

f 

IT 

i 

t 



not take ~ 

le CCltplexi 1.J 

past studies 

originally 

6 

cogni..tiVe Style: . Field Deperrlence/Iridependence 
~ 

Ccx3nitive styles have been defined by K~an (1971) as the individual 

variation in riDdes of "apprehending, storing, transfonning and utilizing 

infonnation." Ragan (1978) further stated that a:>gnitive styles are 

"psychological dllrensions11 which reflect the individual differences for 

the marmer of receiving, processing and utilizing infonnatioo. Witkin, 

Moore, Gocdenough and Cox (1977) described the characteristics of cogni

tive styles as: (1) cognitive styles deal with the "farm" rather than 

"content" of· cognitive activities, (2) cognitive styles are generally 

oonsidered stable over tine, arx1 (3) cognitive styles are "bi-polar" 

tmlike intelligence or other psychological variables. 

One cognitive style which has attracted much research attention has 

been that of field dependence/indeperrlence , identified by Witkin, Oltman, 

Raskin and Karp (1971) . Sinplistically, field dependence/independence has 

been described as the extent to 'lftri.ch an ·i.rrlividual can diserrbed a figure 

fran a ground. This perceptual aptitude is, hcwever, indicative of a 

much more pervasive cognitive ability which enables the field independent 

individual to inpose structure upcn perceived inforrriaticn and then use 

this structure to rrore efficiently process and store the infm:nation. 

'Ihis perceptual ability has been dOCl1IIented extensively by Karp (1963) 

airl GoOOenough (1976). Generally, the factor of field dependence/ 

independence is rreasured by either the Rod-and-Frarre Test ~r cne of a 

number of Enbedded Figure Tests (Errbedded Figures Test, Childrens 

:&rbe::lded Figures Tes~; : Group Enbedded Figures ·Test) • All of these 

instrurrents rely upcn the visual perceptual systan and consequently 

have nost frequently been enplcyed in investigaticn of visual learning 
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variables. Gocrlenough (1976), hcwever, 

awlicaticn of these instrurrents. 

Orientation of the Present Stlrly 

The general redundancy in language, identified by Sharmon and 

Weaver (1949) suggests great similarities between the au:iitory per 

field and the· visual perceptual field. In listening to an auditory 

rressage, the perceiver must separate out or diserrbed relevant fran 

irrelevant infonnatian then further restructure this infonnatioo fcx 

storage. It would ~ar then, in terns of auditory leanring, that 

factor of field dependence/independence would q?erate an the lis 

ability to distinguish and organize the relevant atrli tacy cues am 

If this rationale isirrleed accurate, then field independent indivi 

cculd be ~ted to dem:mstrate greater ability in inpcsing such a 

structure and hence, shouldperforrn better than field dependent in:li 

When the rate of infonnation is increased, as in the case of catpr: 

audio messages, this difference could be eJq:>ected to increase even 

According to Flaherty (1979) field independent learners are rrore 

capable than field dependent learners of listening for rreaning becalll 

they can concentrate on the content of the rressage noreso than tre 

of presentation. If field indeperrlent learners are capable of 

rrore ccntent fran a a:rrpressed presentation, then it may be ccnclulel 

they are also capable of gaining more infonnati.on fran a carpressed 

presentation. 

With respect to expanded speech, little research has focused al 

this aspect of rate-notified speech because the slCMer rates have hili 

little apparent value in inproving instructional effectiveness. ff 
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the stinulus materials used in previous research efforts have had little 

or no standardization. 'Ihe question of idea or inforrration density has 

also not been addressed to any great detail. When crnplex inforrnaticn 

containing a substantial anount of detail with little redundancy is 

presented at a carpressed rate of speed, the result cannot be cx:npared with 

a passage of less carplex inf onnation presented at the sarre accelerated 

rate. Studies in rate-m:xlified speech thus far have mainly ccnoenwate.d 

on the rate of presentation and not the varying anounts of information or 

idea density presented in different passages. Perhaps for ITOre carp lex 

material that contains many itans of infornation a greater arrount of 

processing time is essential to process and understand what is presented 

aurally. 'Ihis may be further ccnpounded by the real palsibility that 

individuals who differ in their relative degree of field deperrlence/ 

independence may also differ in their processing styles or abilities. 

Differences in idea or information density may also ha-ve an effect on how 

well listeners can carpreherrl the spd<en material. 

A second, yet related factor has been discussed in the literature 

on cx:npressed speech, that of utilizing reliable am. valid instrurrents 

for the evaluation of listener carrprehension. Until the present, no 

standardized instrurrents have been developed, and these which had been 

develcped represel)ted a glooal rreasure of a variety of learning tasks. 

Wark done by Rhetts (1974) suggest that learning research should also 

focus on the specific learning task being presented. Such a charge 

would inply that specific learning tasks presented via audi tacy charmels 

be evaluated using instnnrents designed to treasure achieverrent of each 

of those specific tasks. For this reason, a part of the research and 
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evaluation materials develcped by !Myer ( 1961, 1972) were enployed iJ9 

this investigaticn. 'Ite evaluation instnnents incorporated in th.is 

package allcw the researcher to evaluate lea.i:ner achievemmt relati.~ 

to four different learning tasks or d:>jectives: drawing or spatially 

restructuring infotmatic:n, tenninology or recall of specific infanra 

identificatioo or spatial analysis and cntprehension or interrelati~ 

infonnaticn. In a1diticn, a total test rreasures overall achi~t 

all tasks. '!he use of such materials would seen to represent a nore 

precise rreth:xl of evaluating adtleverent or a::rrprehensioo* of info:i:na 

via the atrli tocy nroe. 
Metlxxl 

The stinulus naterials used in the sttrly oonsisted of fuur au:lio 

tapes produced fran the 2000 word instructicral script oo the human 

develqJed by Dwyer (1967, 1972) .' '!his script was recorded by a pro£ 

narrator at an average rate of 150 words per minute. '!he rate was se 

as the nonral or control rate because it i s generally ocnsidered to oo 

the average speed.· used by newcasters. A carpressed version at 250 

per minute and tw::> ~ versioos of 120 and 90 words per minute 

subsequently prcduOed by use of the Variable Speedl Control ltxiule (V! 

Corporation) • 

'll1e five achievemmt test develcp:rl by Dwyer (Drawing Test, 

*Note: The te:r:m catprehension as used in previous research relatin9 ta 
" rrnrressed speech should not be oonfused with the tenn identifying the 
•... 1 .. pu.;hension Test developed by Dwyer. '!be tenn as used by r:Myer re£ 
specifically to the ability to "use infarnation to explain sore othe! 
i;:Oenarenoo" (Dwyer 1972) whereas, the general term "ccrcprehension re 
to a rrore generalized ability which ooul.d interchangeably be called 
learning or achieverent. 
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Test, Identificaticn Test, Catprehension Test and Total Test) to cx:rrpl.inent 

the instructicmal script ~e errployed as evaluation instrurrents. In 

additicn, the Group Errbedded ·Figures Test develcped by Witkin et al (1971) 

was used to detennine the relative degree of field dependence/independence . 

'Ihe populaticn for the sttrly oonsisted of eighty graduate sbrlents. 

care was taken to exclude any individuals having had prior, fonnal training 

in nedicine, physiology or ana:too~ as WE?ll as any subjects trained in 

cardio-Pulrconary Resusci taticn (CPR) • 

Based upon the results of Witkin' s GrCA.JP Einbe&le:l Figures Test, 

subjects were randanly assigned to either the control (nonnal rate, 150) 

or the experilrental (ccnpressed, 250 Wfll1 or expanded, 120 and 90 wpn} 
I 

groups. This factor represents a oontinuous variable, ranging fran 0 to 

18. Exact cutoffs for the extremes (high- field fudependent or larfield 

deperrlent} are not clear and are generally ccnsidered relative to the 

p::pulati on being tested. Based upon previous research conducted an a 

similar population, cutoffs of 11 and 15 were est ablisherl. Subjects 

falling at 11 or belcw were ccnsidered field dependent and subjects 

scoring at 15 or above were considered field irrlependent. To avoid the 

st,atistical prd:>lan associated with three level blocking described by 

Cranbach and SncM (1977), cnly the extrare groups (field dependent/ 

field independent} were included in the study. 

Groups of four students (one control and three ~tal) were 

seated at a four carrel listening post and listened to their respective 

versi ons of the instructional scri pt through irrlividual head phones. 

Irnnedi.ately fol laving the audio presentation, each subject cx:npleted the 

four achievarent tests. 

11 2 ·· ~:1 v 
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Data Analysis 

The study involved an ATI research design with two levels of the 

cognitive style variable (field dependence/independence) X foor leveia 
,, 

of the treatnent variable (nornal-150 wµn, carpressed-250 wpn, 

120 wµn, expanded-90 wtJn). 

Data collected were first analyzed via a two-way analysis of v 

procedure. Subsequently, regression analysis techniquas were used to 

for uniformity of regression sl~. 

Findings 

Two-way N:KJJA' s were perfonred on the scores obtained fran each 

four achievanent tests as well as en the 'lbtal Test scores. 

of these analyses are presented in table 1. 

Table 1 

SuTmary of Anallsis of Variance Results (TFBO) 

Drawi.n; Tem:i.nol.ogy Identificaticn Carprehensiai Total 
Test Test Test Test Test 

F p F p ,, l' F p F p 

Ccx;i . Style l . 27 • 263 0.19 .662 0.72 .398 0. 99 .322 0.94 .336 
(C) 

Treatn81t 0.77 .SU 3.54* .019 0.69 .562 3.43* .022 2.03 .U7 
(T) 

CXT l. 71 .172 0. 43 . 729 0.44 .725 1.47 .231 0.52 .670 

*Significant at the .OS level 

Significant main effects for treatments were produced for the 
; 

Terminology and Ccnprehensicn tests. Application of the Scheffe pr 

for pair-wise c::anpariscns indicated that the nonnal 
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in both cases, superior to the expanded (90 wpm) gra.ip. No interaction 

or other m:rin effects were found to be significant. 

Regressicn analyses were used to detennine if relationships existed 

between the cognitive styles of the subjects arrl their scores on the 

achievarent tests. Table 2 shGIS the results of these analyses • 

Table 2 

Analysis of Variance of Regression Coefficients for 
- Differences in Intercept arrl Slopes between 

Cognitive Styles and Treatrrents for Achieverrent Scores 
en each Test · 

F R2 .. 

Drawing Test 1.07 0.390 0.026 

Tenninology Test 2.12 0~061 0.005 

Identificaticn Test 0.57 o. 748 0.005 

Ccrrprehensicn Test 1.91 0.090 0.007 

Total Test 1.23 0.302 0.013 

F.esults of these analyses sha.-red the interacticn of the slopes 
' I 

to be not significantly different. '!he ccgnitive style of the subjects 

explained only 2. 6, ~, • 5, • 7 and 1. 3 percent of the variance respec-

lively, rraking the variable a poor predictor of achievement an the tests. 

Discussion and Canclli.Sions 

Results tjenerally indicated that the nonnal rate groups s(.X)t'ed 

higher than all other treatnents, havever, to a significant extent 

only in the cx:nparisons of the nornal-150 wpn vs. ~-90 wpn 

for the Tenni.nology and Ccrrprehensian Tests. It would appear, that in 

nost cases, ·neither the conpressed or ~-120 wpn versions resulted 
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in significanly inproved achieverent. 'Ihe only group which achievea 

significantly less was the group which experienced the greatest degTee 

of expansion. Such a finding would seem to directly CX)l'ltradict 

fil'le sugesstion made earlier in this paper, that crnplex infornatian, 

when given slcwer presentation rates, should result in i.nproved adrieve

rrent. This was cbviously not the case, but these findings may be ll'Cre 

directly attributable to two extraneous factors which are effects of 

the ~ion process itself rather than due to the actual rate of 

expansion. These factors include ( l} listener bared.an and fatique . 

and (2) pitch distarticn due to the sla..ied rate. The f irst of these 

·was cbserved frequently anong subjects receiving the expanded versicn, 

and particularly the 90 wpn versicn. Apparently the slONed presentaticn 

of the highly technical information induced a degree of bored.an resul~ 

in loss of attention and ocncentration. The second factxbr, that of I!eS!iaJ.I 

distortion was readily apparent, both during the eJq?erinent as well as 

being cited by subjects after they ccnpleted the project. No provisioo 

is nade in the design of the speech ccnpression/eJ<PanSion nodule to 

correct the pitch distortion caused by slONing dONn the tape, such as 

is done during speech canpression. At slight rates of expansion, this 

distorticn nay not be a significant factc:n:-, but when el<panSion is carrie! 

alt to the degree USed in this Study (90 wpm) I extrerre distortion occurs 

there.by affecting the intelligibility of the rressage as well as 

carprehension. 

The variable of field dependence did not relate significantly to 

individuals' ccrrprehension of naterial presented at different rates 

such as was fourrl by Olson and Berry (1983). Although results were n>t 

429 

stati 

on th 

the n 

(fiel 

cbser 

stat:i 

revei 

with 

coun 

cbse 

be c 

or t 

op ti 

inte 

ass< 

reg, 

at · 

the 

rel 

bot 



chievea 

st degree 

.ct 

naticn, 

red adrieve

"ty be nore 

fects of 

3.te of 

fatique . 

of these 

d versioo, 

presentatiai 

rlan resul~ 

that of 

as well as 

'1o provisiai 

:x:lule to 

e , such as 

nsion, this 

ion is. carriei 

ortion occurs 
. 1 as 

:icantly to 

mt rates 

.il ts were !)Jt 

14 

statistically significant, field dependent subjects generally scored lONer 

on the expanded versions than did field independent listeners. In addition, 

the nonnal speed group daronstrated the sane reversal of nean scores 

(field dlependents scoring higher than field independent) which was 

cbserved by Olson and Beny (1983). Such a finding, again while not of 

statistically significant magnitme, should be further investigated. 'Ibis 

reversal may Su;Jgest that field dependent individuals, when presented 

with a m:>re glcbal or spatial task sl.rll as required by the Drewing Test, 

tend to dem:::nstrate higher achieverrent and surpass their field independent 

counterparts. It should be rarerrbered hcwever, that this effect was 

cbserved only on the nonral presentaticn rate group. 

The findings of this sttrly strongly suggest that further research 

be oonducted to ronfi.rm ;'or disconfinn the hypothesis that rrore cx:nplex 

or technical info:rmation requires a slcwer presentation rate to facilitate 

optinrum achieverrent. Research should further focus on the question of 

intelligibility and listener boredcm as they relate to learning fran 

expanded materials. Technical correction of the pitch distortion 

associated with e:xpanded speech should be investigated. 

It is also ar;parent that conclusive· proof has not been presented 

regarding the instructicnal effectiveness of au:litory materials presented 

at varying rates of a:mpression and expansion to individuals who differ in 

their relative degree of field dependence • 

Similarly, research should further investigate these factors as they 

relate to the effectiveness of rate-rrodified instruction presented via 

both atrlitory and visual nodes simultaneously. 
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Ab s tract 

lhis paper introduces the symposium, Cognitive Style and 

crocrocomputers: A Review and Synthesis of Current and Needed 

-arch and Development. It presents issues attendant to research 

d development in cognitive styles and microcomputer uses within the 

Ol'lte:: t o ·f in st r uc ti ona 1 t. E~c h no 1 c>qy. The paper discusses issues of 

~at1onship of cognitve st yle to learners · general ability and prior 

1e.arni ng. In discussing needs for researc h in and on microcomputers 

~education, the paper discusses the heri tage of programmed 

1~truction and teaching ma chine research of the 1950's and 1960 's, as 

~rt work re l ates to current ly availabl e practitioner ' s tool s in 

instruct i cm al desi t;Jn <.1nd development. A plea is made for increased 

~sic research on learner characteristics and instructinal media 

rttr1butes of currently available high technology. 

435 



CONCEPTUAL TOOOLS FOR R & D ON APPLICATIONS OF 

MICROCOMPUTERS TO INDIVIDUALIZATION 

INTRODUCTION 

Th i s s y mposium l. C." _, about resear ch a nd deve l o pment i n 

microcomputer s and cogn iti ve styles. A substantial amount 

h~s been cond uct e d regarding individual differences 

p r~ ocessing infor-mation, generally referTed to a s "cogni tive sty V O Li 

<such as field in dep endence - dependence, leveling - sharpening 

i mpul ~ivity - r ef lectivi t y). On the other hand , the 
• 1 

availab le reg a rding how the unique attributes of computer s ma~ 

to adjust in s truct ion to a c comodate indi vidual differences, inc 

cogni ti v e styles. Par t icularly mi s sing is research on mi c rocom 

in ins truction from a theoret i cal l y g r ounded framework. 

wi ll c l ar i fy major res e arch issues attending thes e top ics 

theoretical framework s p rov ided by cogniti v e sty les. The 

will provide in f ormation en current work and work 

done . Th e symp o sium con s ists of f our paper s : 1. 

instruction~l design, 3. measur e ment, and 4. instruct i onal 

The f i rst presentation, Conceptual Too l s, i s my own. 

presentation will b e a general e s s ay on the topic at hand 

s erve as orientation fo r th e th ree papers to follow. 

wi ll discus s ins tructiona l design issues, Robert 

man~gement iss ues . Ow- di scussants today are F'en'-in Parkhur st and 

llJilliam Winn. Dr· . Fi:cm Bur-kett, o r-iginall y to be a discussant, wat Olffer 

unable to att end and Bill Winn has graciously a g reed to be a People 

discus sant in hi s plac e. 

A~ a rev i ew of t hi s o verview, I want to restate: 
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OF 

., 

~ece1 v1ng 

t i ve styl 

a r·pen1 ng, 

res earch 

c es, i ncl u 

mi crocompt 

c s within 

1!1 
the existing and needed research and development in an area o f 

C
rocornputers. ;1 

by the combination of cogniti v e sty le and 

Af te1·- my "Conceptual Tools" presentation, v'e wi 11 

tfle three slices through this topic. We will loo k at it in terms of 

~tructional design, measurement, and instructional management. 
10" 

NITIVE STYLES 

You nev er know what a person is going to be talking about when he 

he is going to talk . about "cognitive styl es." He might ha. v e in 

l he "educational c ognitive sty le" or "cognit ive style mapping" o-f 

or of Kenneth and Rita Dunn's work in this area. Or f-1e might 

talking a bout only t he work b e gun by Herman Wit.kin and his 

on field independence/ dependence. Or he mig h t be talking 

~~t a variety of non- academic learn e r differenc es in perception and 

1nfo1rmat ion pr-ocessi n g , as we wi 11 . These incl u de not onl y field 

he sympos~ mdependence/ dependence, but also such things as lev eling/ 

needs to t.'lar·pening, impulsi v i ty / reflectivity, visual / hapti c:~ 

~ str actibili t y , breadt h of c ategorization , scanning, tolerance for 

~realistic e xperi e nces, cognitive compl e xity/ simplicity, and 

n . That mnc eptualizing styles , to name ten. We, in t his s y mposium, will be 

nd ~ll1ng primarily from this latter frame of reference: those 

atricia ~mensions of individual difference whi c h hav e been found and labled 

ay wil 1 di as a produc t of s ystematic s tud y of di ff et-enc es in the wa y peop 1 e 

s instnictl Perc e i vf2 and pr .. oce~~; s inforrn.::\ticin. 

r khL.n- st and Anoth e r wa.y in ~-ihich p eople who ta lk a bout "cog n iti ve s t yle " 

u ssant, was dif f e r amcmg one another is 1-ii th rege:\r·cl to t heir "purity. " S o me 

be a 'Peop1 e <J.rc? v ery pur e , pr· ob ab 1 y t he p Lwest being those whc> rest 1~ i ct 

~e1r discus s ion G t o onl y f ield indepe ndence / dependence. That is a 

o ur topic: h ~P l.lre" thing to do bec:ausE?., f i. r· s t, f i c-?.l d independence/ dependenc:t"::! is 
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the one~ which first used the term "cr.Jgn it ve style," and seconm 
I 

because the other style dimen s ions in my list of ten 

cal l ed things 1 i ke "per·ceptual stylce" in the case of 

"cognit.ve tempo" in the case of impul r;iv i t.y/ r-·e·flect. ivit y, and 

"cognitive controls" in the case of leveling/ shar·penin~~· 

The least purity, in my view, i s found in the "educational 

cognitive style" a.nd "cognitive style mapping" formulations. 

I know, there may be something to educational cognitive style 

inventories an d the educational prescriptions derived from them 
t 

cannot find i t . Although there is nothing perfect about 

"purr2" appr·oaches to c:ogn it i ve style, the1r e has been, to 

no estab lishme nt of validity to the instruments 

cogntive style proponents. In addition, it seems inappropri ate 

term b 

Gener 

in anc 

do1r-inright invalid to di s pense fr ee and easy prescr· i pt ion of broad and pr ior· 

cla.sse~; of treatments reqardlr:ss of lear·ning tas k, such as: "Well, from inst1 

are auditory and kinesthetic, so you will learn best from listen 

and get.tinq in di1~ec:t te>uch with thini;JS ." Such prescriptions YI 

instruc t ion or of a technology of instruction. i~cept tr 

A~ you might b e able to tell from the forgoing, my other ha.r 

quoti e nt and that of the participants in this symposium is abo~ understoc 

t.hE• middle. In othe r words~ we a re purer than some but not as P In ~ 

others. None of us res trict our interest to field independence' 

depend~nce on the one h and, and on the other hand none of us c~ 

much v~luc to the Hill , Dunn and Dunn, and other formulations~ and need 

educati onal cognitive style . In s um, \'\le do bel ievE"~ t hat there a-re tognit :i.v 

var·iety o-f "non ···acadE~mic" individual di+-fnn=inces which are r eal 

and relevant to instruction a l theorv deve lopment. 
438 
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What do we mean by 11 non-academi c" 1 earner di f ·f erences? I use 

t~rm because it i s the best thing I can t h ink of t o d ifferentiate 

I have in mind and two powerful in f luences on l earning 

t Y' and 1 nstruction which are not what I have in mind: gemeral 

q. General ability and prior learning are 

cat.1 ona i learner differences. In the case of general ability , 

i ans. factor is an academ i c one because of the fact that all measures cf 

st y le ~ral abilit y are v a lidated in terms of prediction of abilit y to do 

ram them , ~hool work, and prior k now l edge is an academic variabl e because the 

t interest i s ·gener a lly i n or r elated to the desired 

0 hand. 

Ge ner a l a bi l i ty a nd prier learning share one thing in common and 

in a nother regard at opposites to one anothe r. Gen eral ability 

n of bro~ ~d prior learni n g share in c ommon a profbund influence on l earni ng 

as : "Wellt from instr-uction. On the other hand, they are qualitat ive ly diff erent 

o m 11 stem f1ciors with reg ar·d to th€:? pn-?c i :,; ion ~,~i th vJh i ch they c:an be d esc r i bed 

pt i ans sma1:t ind measL1n·.i!d and th~'~ pr-ec i s i on with whi ch Wf? ma y t h i nk about t hem. vJe 

f ie s tud) of know practic:ally nothing, I would s ubmit., c\boL1t genera l ability, 

~cept that it mus t exist and that i t var ies . Prior learning, an t he 

own purity ather h a nd, i s th E":! foundation u pon whi ch our most powerful and clearly 

is about 1 ~derstoad principles of instruction a l des i gn rest . 

not as pur In the domain of non- academic l earner differences l ie man y 

pendence / f~tors , among whic h cognitive sty l es represent the most - stud i e d. In 

o f u s can 
5 ~Pers to fo ll ow , we will be looking at and thinking about e xisi ting 

.:..'\t ians of ~d needed resear c h in instructi o n a l tec hnology which inc ludes 

t there a.re cogn i tive styl e . 

a r-e real Before I leave the topic of cognitive s t y l e , I want to note that 

for thcJse o ·f you. interested in an e :·: ten s ive treatment of cogn it i ve 



styles and their impact on lear ning from instruction, 

a vailable to you a set of technical report reprints from a 

basic research contract in this area, sponsored by the Air 

Resources Laboratory. I was Principal Investigator of 

which includes work which Ausburn and Ausburn did u n der me as 

students at the Uni versity of Oklahoma, as well as extensions 

work by them, others, and myself. The Air Force has 

out of stock of these reports, and since they amount 

pages, I cannot supply them for free. However , if you 

in receiving them, plea se come and talk with me at the 

this ~:5ession. 

MICROCOMPUTERS 

In the 19 50's and 1960' s , an enormous amount of research a~ 

development was conducted on and with teaching machines 

i nstr·uct ion. The teaching machines f a d has passed, but 

with a substantial residue. It is through discussion of this 

1-

Pr c 

that I would like to orient our thinking about instructional 

t echnology research in v olving microc o mp uters and finally, to b~h ~ itsel 

microcomputer s and cognitiv~ stylG. Jretty t 

In my view, the 1 ion's shart7:! of oLw practitioner ' s tools i n ''h<Elv im 

in s tructiona l tec hnoloc:1 y ., including such things u s learning t:isk ~Press 

a n.31 ysi s ci.nd our model '.:5 <.1f instruct i on c:l.1. design and dev elopment' tater 1 a .. 

e~ senti ally residue from the research and development with teac~ 

mac:hin~::fr:; and pr-og1'·amm~?d instr·uctiCJn, For· e:·:ample, tht? feedbacl 1 

:i.n all our I/D modrds ·-·-·· in which we takE:' info1~matian c:.-lbout iear 

performance after instruction and re- inject that into the systd 

feedback to improve future instruction -- is essentially a 

gener a li zation of the prCJgrammed instruction maxim that ''thou 

-1110 

In 

•instru 



n a 

me as 

1sions 

this 

i onal 

pdate thy program. " I nstead of just hav ing a critical reader, an 

rt in your field, review and make editorial judgements about 
pe 

~her the text seems clear and about whether or not learners 

to learn from the material, a procedure which 

ic•l Y became standard practice in programmed i nstruction development 

s t o actually try out the ma terial with learners to see if it 

We are so accustomed now to the idea of empirical va l idation 

instructional materials and so accustomed to improvement of 

sorts through use of information about their 

fecti v~ness, that it is easy to forget where these ideas came from. 

more than twent y years ago these were radical innovations, part 

programmed instruction movement. 

Programmed instruction represented our fir s t instance of thi n king 

of instruction, rather than a medium or aid . 

this instrument, this thing, that was suppos ed to 

something, focused the minds of educational developers 

rn ne w wc1ys. Since An instrument is suppo sed t o teach somet hing, all 

8 

Y ' to both b Y itself, developers realized that they had to decide on and describe 

~rtt y clearly what that something was. Such was the beginning of 

. tools in khavicwal objectives . It is amazing that a tool developed for the 

ning tasf •Press purpose of facilitating development of programmed instruction 

'€-?lopmenl . ~terials has seen such widespread use over such a long period of 

I i t h tea.dTi 

f eedbad l In 1967, Art h ur Lumsdaine' s class i c rev iew of research in our 

lboL1t 1 earn fi l e d up to that time a ppeared in the first edition of the Handbook of 

m al R 
.hi? syste esear ct1 T h · =ci · t d t ... , L on e.-:0:1.c 1 ng, ""' - 1 .e JY l'h . • Gage. That rev iew was enti t led 

.y a • t 

•n .strurnents and Mc?.dia c;·f Inst1·-uction, 11 a nd in it, Lumsda.ine noted 

Shalt l 
·. "tl10LI -h"t. t . ~ ·he most significant thing about prog r ammed instruction was its 

., . 
·:i~..il 
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.... 

qual i ty of representing a rep roducible, self-contained 

of instruction, and a s such it off e red a uniquely powerf ul 

research. Looking back I t hi n k he was r igh t . He was so 

right, in f a ct, that the influence of research and develop ment 

progr ammed instruction cont inues to the present and remains a 

influence in our current practitioner's tools . V.Jhen you or I 

frustrated with the s tate of the art of instruc t ional d esign . w 

find t hat the model s we use have a distressi ng number 
"f-lari 

a t c:r· it i c a l p 1 aces , such as "devise instr uc tion al stt-.:1teg y , " wha 

a re essentially frustrated with is mo del s which are extensions 

was learned from rese~rch and deve l opment with programmed i nstr 

and tea ching machines . This is, I am sure, an arguabl e point 

is cer t a inl y how it l ooks to me. If I a m correct, or even l>Je 

half - correct , no wond e r stat e of the art in I /D is beginning 

a wfull y old, a wf ully tired, and awfull y in need of replacement 

s upplantation with s omething new, different, and 11 better. 11 

It is not that no water has gone under t h e research and 

dev<:?l opment bridge s i nee the heyday of o·f prog rammed instr uction. 

have n ew insights into cogniti on and human information process~ 

intros t s in th e s tudy of instructional media attributes, learn1~ 

s t rategies emp loyed b y learners t h e mse l ves , and, in short , a 

number of new questions and theoretic insights. All the n e w !lf humar 

di n ?c::t i ens c.i.ncl good war k over t h e past twenty years not wi thstandi tvny CL\ t 

it appea r s to mo to remain the case that if you are in a school •tcroc or 

training sett ing a nd you ~'1 .::i.nt to do instructional development Wl h~chno l • 

most 1 ean1i ng payof + per dollar spent~ you s houl d spend yoLtr ti /It the i ns: · 

money on d eve l opment c:if the b est sing 1 e - track i nstruction al mater• l!ed 1 .:i. a 

t h a t you can des ign and d evelop. And a l though we know that 
4 fi. ';J 
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t of materials can be themselves adaptive to individual differences, 

t 
1 
~ on the v er-y qLH?st ion "on what bases ~<Ji J. 1 we design for adaptive 

our materials?" that oLir- high 1 evel desi gnet--based 

common sense at best and weak or foolish at worst. 

ns our instructional theory is the heritage of what they 

or the 1950's and 1960's. My own first publication, 

.i gn, was in 1961, it was about teaching machines. Its title 

and Hard l.iJork" and it essential 1 y out 1 i ned a great deal 

1y," what ~what people are worrying with right now in the development o f 

1si ons of c:>mpL1te 1~ assisted instruction mater i als . We sho·u1 d be, I submit , 

I instrL1c ~rry1ng about qualitatively different things . .. the sorts of things 

>oi nt but represented by out· .. cur· rent. r·esear·ch and cw-rent i nstr·uc:tonal tools. 

We do have today, knowledge and tool s we didn ' t have back then. 

i ing to l 
~oog those new tool s are increased knowledge of somE non-academic 

: ement or 1nd1 v idual dif·ferences in perception and informat i on processing which 

II 

hE' call "coqnit.ive sty les ,'' C:\nd we .:.~l s o have a new device: the 

and Although neither of these things are tri v ial in 

: rL1ct1on. ~emselves, I think it is fair to say that we really do not yet know 

··ocess1.n91 11hat to do with either one. If that i s an overstatement, I will 

1 earning rephras e to: we don't have a body of s ystematic knowledge lending 

t , a I a.rgt 
Prescript i ans to i nstructi anal designers which i n)lol ves consideration 

11ew ~human information processing, including cognitive styles, or of 

i thsta.ndl 11any cLU-r-ent i n s tr-uct ion al mE:~d i a at tributes, inc 1 Ltd i ng those of 

school or 
llli crocompLtter·s . Our be~t practitioner's too l s in instructional 

Pment vnth t 
~chnology rest an the behaviorist school of learning theory and upon 

y our- time tn 
· a in 5 tructicnal m~dia attributes of teaching mach ines and other 

n al ma.terl 

hat 

~dta ~vailable twenty year s ago. 

I hope t he microcomputer is a technology which will stimulate 
4 11 "t 

~:&U 

I 

!. 
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resear c h and development in ins tructional technology, much th 

wa y th a t t eaching machines did twent y years ago. I hope is 

microcomputers force r esearchers to re-examine fundament a l f 

instructional design and devel opment. It i s obvious, I thin!, about 

mi crocomputers are being put to tri v ial uses when they a re us~ ideas 

emul ate a teachi ng mac h i n e or p r ogr am med text. 

when you t ak e away page- turner applicat ions of microcomputers, 

mix e d bag of powerfu l a nd trivial uses for which 

de s ign models end up more or l ess naked. !\laked. I 1 i ke that 

met .:\phor ... it see ms tc1 fit ... "mi c r oc:omput.er s have caught 

pa.nts down." You may quote me on th a t. 

We need, it seems to me, two things: one i s heavy , 

in v olveme n t b y in s t ructional tec hnol ogy r esearchers into 

basic resea rc h on a nd with high technology, including microcomp 

and learner c haracter i sti c s whi ch interact with instructional 

tre:~~~t ment s. Thi s rese.::\r··c: h wi 11 not, .::1s P1~of. Gerlach noted 1n an 

earlier ses s i on , prov ide practitioners with answers , certa inl n 

qui.c:kl y . But s econd, we can a nd s hould expect to see , at some P 

a ppr opr i ate a nd useful syn t hesi s of our mor e current knowledqe. 

put it conc:rE;:tel y, 1.AJ e v.ii 1 J. n eed a Robert Gag ne to s i f t, i nterepr 

synth ~ ize, and mod el the best of current knowledge. 

If we , today's researcher s in instructional technology , do 

they did in the 195 0 's and 1960 's , we will begin responding to t~ 

uni. qL.l (~' at. tr i but f:!s o f m:i crocomputer-s vii t h the best t: heor· y c::1va1 l.oblr 

beg i n to formul ate re~earch and deve l o pment whi ch may ulti matel> 

become far more s ignifi cant and usef ul to education and tra1n1n9 

t h e mac:hinas t h ems elves ever were. 

The s e t h e n are our topic s : cog n itive s t yles a nd mi croco~~ 
44 ·: 
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tch 
think of our topics, in the final analysis, as being examples 

is really a t stake. The papers to follow will take their 

.al ~erial from cognitive styles and microcomputers; what the papers 

thin•-r, , 
is much broader. I expect that the symposium will give 

you can use in your thinking about research in our field 

I hope this paper and the symposium as a whole will do is 

~ uters . 
to think about the possible in new and different ways. 

that 

: ion al 

)ted 1n an 

-tai nl y nmt 

) 1-.il edge. 

i nterepret 

1. ogy, do 

H ng t o tmi 

i. timatel V 
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AVAILA8ILITY OF PRIOk KNOWLEDGE AND ITS EFFECT ON 

TRANSFER OF LEARNI~G 

Paper presented at the AECT conference in January 1983 by 

Boyd Richards 
Hazeltine Corporation 

Transfer of Learning in Education 

Royer (1 979) defines transfer of learning as a sequential 

in which the learning of one passage facilitates the learning of a 

second conceptually similar passage. Transfer of learning, thus 

defined, has been demonstrated to occur when learners study two 

passages close in time and when the passages contain similar 

terminology for redundant concepts (Abramson, 1965; Scandura and 

1967; Merrill and Stolurow 1968; Royer and Cable 197S; Royer and Cablt 

1976; Ausubel 1978; Mayer 1977; Anderson, 1978; Adams & Coll ins, 1979· 

Mayer and Bromage 1980). However, there is 1itt1 e evidence 

whether transfer will occur in situations where learners do 

the second passage for several days or weeks, and/or where the 

do not contain the same terms for the concepts taught in both. 

According to Mayer (1977) and Royer (1979), the process of 

facilitated transfer can only occur when the memory structures gained 

from the first passage are retrieved from 1 ong-term memory when the 

learner reads the second passage •. While retrieval is almost certain 

for contiguous passages (two passages read close in time), empirical 

results say 1 ittle about retrieval and its effect on transfer when 

there is a delay. 

Many studies have measured retention of learning on delayed 

dependent measures and have found that students are able to recall 
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and/or recognize some but not all of the information they evidenced 

learning on an immediate dependent measure (Pickert and Anderson, 1977; 

Mayer and Bromage, 19?.0; Reder and Anderson, 1980). What is remembered 

seems to be a function of what is originally learned (i.e., facts 

versus meaningful concepts (Ausubel, 1978)), how it is learned (i.e., 

conceptual perspective (Pichert and Anderson, 1977)), and what cues are 

given at the time of recall {Pickert and Anderson, 1977). All three of 

these factors influencing delayed recall of memory structures have 

important implications for transfer of learning across two 

noncontiguous passages • 

But, although research with delayed dependent measures shed some 

insights on how much previously learned information will be remembered 

when subjects are expressly asked to retrieve it, such research cannot 

lead to generalizations concerning how much a second passage will 

stimulate recall of a first passage read several days before. 

According to Mayer {1977), the availability of prior knowledge, as 

demonstrated on delayed retention tests, does not ensure that the prior 

knowledge will be retrieved from long-term memory when the second 

passage is encountered, There must be a triggering mechanism 

associated with the second passage which identifies what prior 

knowledge structures to retrieve (Bransford and Johnson, 1973; Royer, 

1979; Rummel hart, 1980). 

In my research during the past year I have examined the effects of 

two triggering mechanisms on tranfer of learning across two 

noncontiguous passages. They are similar terminology for shared 

concepts and a brief review of t he first passage read immediately 



before the second passage. Before summarizing that 

I will establish a theoretical basis for my inquiry 

schema theory. 

Contribution of Schema Theory 

Schema theory provides a comprehensive framework for 

effects of similar terminology and reviews on transfer of learning 

across two passages. Current notions of schema theory incorporate 

concepts originatiny as far back as Bartlett (1932) and developed by 

numerous cognitive theorists (Neisser, 1976; Shank, 1976; Rummel hart & 

Norman, 1978; Rummelhart, 1980; Spiro, 1980). 

According to Rummelhart (1980), a schema is a hierarchical 

structure interrelating information which constitutes a known concept 

such as an "object, situation, event, sequence of events, action and 

sequence of actions." The information in a schema includes data 

specifies (1) the common attributes of instances of 2_ concept, (2) 

variable attributes and the range of permissible variations, and (3) 

default values for missing attributes. 

Any generic data, variable range or default assignment can be 

expressed in terms of another schema. In this way, schemata (plural ef 

schema) embed one another. Rummelhart (1980) suggests that the 

"embedding characteristic of schemata" a 11 ows schemata to "represent 

knowledge at all levels--frorn ideologies and cultural truths to 

knowledge about what constitutes an appropriate sentence in our 

language, to knowledge about the meaning of a particular word." 

I n t e r rn s o f s c h em at a t he o ry , me rn o ry con s i st s pr i m a r i l y o f 

interconnected and embedded schemata (diSibio, 1982). These schemata 

represent a 11 one's generic kn owl edge about the world. A subset of 

them are retrieved, or activated during comprehension to al low a reader 
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to interpret incoming semantic information. When the network of 

retrieved schemata matches the sensory in~uts at all levels of 

abstraction, comprehension easily follows (Bransford & Johnson, 1973; 

Shank, 1976; l<umme l hart, 1980). When t he schemata do not match a 

portion of the incoming data, either (1) other schemata are activated 

which match or (2) existing schemata are modified , else (3) 

comprehension breaks down. Without comprehension, meaningful verbal 

learning cannot occur (Ausubel, 1978), leaving rote learning or no 

learning as the only alte rnatives. 

Retrieval of schemata from memory can occur somewhat automatically 

as incoming data seek to be matched or "instant i ated." This describes 

a data driven, "bottom-up11 mode of retrieval (Adams &. Coll ins, 1979). 

Bottom-up retrieval starts at very concrete levels (word recognition) 

and works to higher levels (construction of meaning of sentences) . An 

al te rnate mode, conceptually dri ven or "top-down" retri eva l , activates 

schemata from an initially high, conceptual level to progressively 

lower levels in anticipation of incoming data (Adams & Collins, 1979; 

Runnelhart, 1980). Top-down retrieval searches for schemata which will 

all ow ant i cipated semantic informat ion to be understood upon arrival . 

Both bottom-up and top-down processes contribute to transfer of 

learning of across passages they influence what schemata related to a 

first passage are retrieved from long-term memory to guide the learning 

of the second passage. Mo re specifically, bottom-up processes can 

influence transfer by trigge r ing the ret r ieval of available word- l evel 

schemata acquired from the first pa ssage which match key words and 

phrases read in the second. From the word-level schemata, retrieval 

spreads upwards to more complex sc hemata. Consequently, when similar 

' ' I 



terminology is used across two passages, bottom- up processes can IJ.\P 

easily target the relevant schemata from the first passage 

al., 1975; Abramson, 1965). 

Top-down processes facilitate transfer of learning when two 

passages are believed to conceptually overlap. That is, when 

recognize that the second passage overlaps with the first, top-down 

processes automatical ly retrieve available conceptual-level schemat ~ 

related to a first passage. At which point, retrieval spreads down-w~~ 

to less complex schemata (Adams & Coll ins, 1979). Students have 

learned from past experience that two sequential passages (i.e., two 

chapters from a textbook) often conceptually overlap and that the fl 

passage can provide a conceptual framework for understanding the 

second. Consequently, even when reading two contiguous passages from 

different sources (i.e., two journal articles), they will tend to 

retain many of the ideas from the first passage in working memory in 

anticipat ion of using them to better understand the second. However,, 

as time passes between passages, other ideas replace those from the 

first passage and top-down processes may not be able to automatically 

ensure the availability of appropriate high-level schemata (Royer, 

1979). 

Summary of Research by Author 

I have conducted three studies thus far in my research effort. 

The first two studies served to pilot the treatments and dependent 

measures used in the third and more complete experiment. ConsequentU, 

while I ' ll emphasize the last study of the series, the preliminary ones 

merit at least a brief review. 

-------

Tree: 

mat• 

pas~ 

the 

pre~ 

par1 

i 11 t 

obj1 

and 

the! 

com 

con! 

I a~ 

wou 

197, 

com 

gen 

com 

sta 

tee 

exa 

the 

con 

sec 



two 

learners 

:.> p-down 

schemata 

> down-ward 

have 

i.e., two 

t the first 

the 

ages from 

nd to 

emory in 

However, 

rom the 

matically 

effort. 

1endent 

rn sequent ly' 

mi nary ones 

Treatment Materials 

In all three studies, I employed treatment materials modified from 

materials developed by Mayer and Bromage (1 980). They consisted of two 

passages about computers. The first passage presented concepts about 

the parts and locations within a computer. For each part, the passage 

presented the following information: 1) a simple representation of the 

part and its relationship to the other parts; 2) an analogy 

illustrating the form and function of the part in terms of a familiar 

object; and 3) a few elaborations and details associated with the part 

and its operation. Mayer and Bromage (1980) used the original form of 

these materials because they had found that students unfamiliar with 

computers lacked knowledge about the parts of computers, and as a 

consequence had a more difficult time learning a programming language. 

I assumed, therefore, that the knowledge acquired from t his passage 

would serve as a conceptual fra mework (Frederi kso n, 197 5; Ausubel, 

1978; Mayer, 1979) for learn i ng the second passage which was about 

programming. 

The second passage taught seven commands found in many programming 

languages. The passage presented six ty pes of information about each 

command: 1) a brief statement about the function of the command; 2) a 

general statement (including an analogy) about the format of the 

command; 3) a technical specification of the format; 4) a general 

statement about what the command causes the computer to do; 5) a 

technical list of the operations performed by the command; and 6) an 

example of a command in the correct format and a list of the operations 

the example command would perform. Material in types 1, 2 and 4 were 

considered primary content while material in types 3, 5 and 6 were 

secondary content. 



The second passage used technical terms referring to parts of 

computer without defining those terms. It referenced operations 

performed by the commands without describing those operations. In 

effect, I designed the passage wi th the assumption that learners Wi Q 

have studied previously the first passage which defined the terms an{ 

clarified the antecedents of the operations. I specifically desig~d 

the treatment passage in this manner so as to maximize the amount 0 

transfer that would occur. I followed the example set by Royer dnd 

Cable (1975; 1976) of using concrete analogies, designed to form a 

"bridge" to students• existing prior knowledge (Royer, 1979) and 

thereby give meaning to the technical terms used abstractly in the 

second passage. Royer and Cable {1975; 1976) observed facilitated 

transfer of learning across two contiguous passages only when the N 

passage contained concrete, easily understood information and the 

second passage contained abstract, hard to understand information. 

Dependent Measures 

The dependent measures in all three studies consisted of two sets 

of multiple choice questions. One set consisted of questions testing 

comprehension of primary ideas (main points) and the other tested 

comprehension of secondary ideas (details). The number of itmes in ea 

set increased with each study and many of the items were rewritten 

before being used again. Therefore, the dependent measures across t~ 

three experiments were similar but not identical. Furthermore, the twa 

sets were combined into one measure of comprehension in the first 

study. 
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Design 

The design of the first study consisted of a single independent 

variable with two levels. The variable was type of ter111inology and the 

two levels were similar terminology and dissimila r terminology. One 

group received the two freat111ent passa~es with identical terminology 

for shared concepts (e.g., card reader ). The other group received the 

same passages but with different terminology in the first passage 

(e.g., input tray for card reader). Both groups received the second 

passage as soon as they had finished reading the first. 

The intent of the first study was to measure the effect of type of 

terminology on transfer of learning across contiguous passages. It was 

hypothesized the dissimilar terminology would interfere with transfer. 

Subjects 

Subjects were 21 juniors and seniors from the same high school 

psychology class. They were randomly assigned to treatment conditions. 

Subjects had as much time as needed although all finished within 40 

minutes . 

Results 

The posttest scores were much lower than expected. The test was 

difficult and subjects reported that they had not anticipated having so 

many questions about "details." Table 1 summarizes the results of the 

study. 

8 



Treatment 
Condition 

Similar Term. 

Dissimilar Term. 

Number of 
Subjects 

12 

9 

Mean* 

7.83 

8.10 

Standard 
Deviation 

2.40 

3.30 

The difference between means is not significant 
(T = 0.40, alpha= 0.05). 

*Total number of items was 30. 

Study I: Means and standard deviation 

Table 1 

The results must be interpreted cautiously because of the 

potential flooring effect of the test. However, the insignificant 

differences in the means between the two treatment groups sugyests that 

dissimilar terminology was not debilitating when ·passages occur close 

in time. The potential impediment of dissimilar terminology on bottom-

up processing may have been compensatea for by the facilitating effects 

of conceptual similarity on top-down processing and/or by t he 

additional efforts of students with dissimilar terminology to cope with 

their unfavorable condition. 

The results also indicate two areas in which the treatment 

materials and dependent measure needed improvement before used in 

the second study of subsequent research: 1) The test items needed to be 

improved (made easier); and 2) The students needed to be alerted to 

read for details. 
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Study _!l_ 

Design 

The second study included two out of four treatment conditions 

corresponding to a 2x2 factorial design. The independent variables in 

the full design were 1) type of terminology across two passages 

(similar and dissimilar) and 2) temporal relationship between two 

passages (contiguous and noncontiguous). 

Similarity ot 
Terminology 

Similar 

Dissimi·lar 

Temporal Relationship 

Contiguous 

Study 1 
Study 2 

Study 1 

Figure 1. 

Noncontiguous 

Study 2 

As can be seen in Figure one, my first study compared a 

contiguous-similar group with a contiguous-dissimilar group. The second 

study compared a contiguous-similar group with a noncontiguous-

dissimilar group. This study also included a control condition which 

included only a second passage and the dependent measure. 

Subsects 

Subjects were 65 high school seniors from three Engl ish 

composition cldsses. Their participation in the study wa s an assigned 

classroom activity. Students assigned to the similar-contiguous 

condition received the t wo passages containing similar terminology for 

all concepts included in both passages and they read one passage 

immediately after the other. Student assigned to the noncontiguous-

-155 
10 



dissimilar condition received the same two passages except 

terms in - the first passage for conceµts also taught in the second 

passage were changed and that the students did not receive the second 

passage until six days later. 

Results 

Table 1 contains the means and standard deviations of the three 

condition groups on the dependent measure. Planned comparisons using 

the T statistic revealed several significant differences between mean~ 

as indicated in Table 2. 

Treatment 
Condition n 

Primary 
Mean SD 

Secondary 
Mean SD 

----------------------------------------------------------------------
1) Contiguous-

Similar 

2) Noncontiguous-
Di similar 

3) control 

Total numbe r 
of items 

18 

16 

11 

6. $* 3.31 5.6+ 2.61 

4.80 1.42 3.9 l. 54 

4.$ 1.92 $.6+ 1.69 

14 12 

----------------------------------------------------------------------
*Different from groups 2 and 3 (p < .05). 
+ Different from group 2 (.e_ < .05). 

Study II : Means and Standard Deviations. 

Table 2. 

On the total test, students in the contiguous-similar group score' 

significantly better than students in both the noncontiguous-dissimilar 

treatment and control conditions (.!_(32)=5.24, .!_(27)=2.35, 

respectively). An interaction occurred bet ween type of test and 

treatment condition. On the primary test, students in the contiguous· 

similar condition performed significantly better than the other two 

11 ·157 
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groups (~(32)=3.25, .!_(27)=2.51, respectively), which groups did not 

differ from each other (.!_(24)=0.32). On the secondary subpart, the 

contiguous-similar group and control group did not differ from each 

other and both groups scored significantly better than students in the 

noncontiguous-dissimilar group (.!_(32)=3.46, .!_(27)=3.40, respectively). 

The differences between means from the contiguous-si milar 

condition and the noncontiguous-dissimilar group suggest that 

dissimilar terminology combined with a lack of temporal conti guity 

impedes transfer of learning of both primary and secondary content. As 

found in the first study, dissimilar terminology mi ght not have the 

same negative effect with contiguous passages. 

The differences between means on the secondary test of the 

noncontiguous-dissimilar and control groups suggests that the 

unfavorable condition of dissimilar terminology in noncontiguous 

passages may actually interfere with certain kinds of learning. 

The lack of differences between the means on the secondary test of 

the contiguous-si milar and control conditions suggests that students 

without access to a conceptual framework (i.e., the knowledge structure 

acquired from reading the first passage and retained in working memory) 

may resort to rote learning (Mayer and Bromage, 1980; Mayer, 1977). 

This conclusion seems justified because secondary, factual information 

tends to be more easily learned by rote learning than primary, abstract 

information (Ausubel, 1978). 
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Stuoy III 

lJesign 

The design of tne thiro study consisted of two variables 

levels. In addition to~ of terrninolog_y (similar and dissimilar), 

there was position _Qf_~ review of the first passage (before or after 

the second pass age). 

The review cf the first passage consisted of one or two sentences 

about each part of the simplified computer. These sentences maae 

reference to the analogies and 111ain iueas; out aid not restate any 

details. The review also containea the diagram used in the first 

passage representin9 the simplified computer. 

In auu it ion to the four treatment groups tormea by the i:'.x2 des1 

I included 2 control groups. Urie control group received contiyuous 

passages with simi"lar terminology and tl1e review Defore the secono 

passage (best conait i ons for transfer). The other control group 

received only the second passage (worst conditions for transterJ. 

The intent of this study was to test six hypotheses: 

Hl: 

H2: 

H') • 
.J • 

H4: 

H!J: 

Students reooin9 noncontiguous passages with similar 
terminology will experience more transter than students 
reaaing the same passages with aissimilar terminology. 

The effects of similar or dissimilar terminology will be 
equal for transfer on primary and secondary ideas. 

~tudents reaoing a review of primary content from a first 
passage immediately before a noncontiguous secona ~assagt 
wi 11 experience more transfer than stuaents reading the sarrt 
review after the second passage. 

The effects on transfer uue to when students read a revie11 of 
a first µassage wil I be greater on primary iueas than on 
secondary ideas. 

Students r eaainy nonco~tiguous passages with both similar 
ter111inology and a review will experience greater transfer 
than students reading passage with on ly one of the two 
conditions 
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H6: Stuaents reading noncontiguous passages with a review but 
without similar terminology will experience more transfer 
than stuaents without a review. 

Kesults 

The results failed to support the hypotheses bec ause (1) there 

were no significant main etfects, {2) there was a significant 

interaction among treatment groups, ana (3) the differences between the 

best case ano worst case control groups for comprehension of both 

primary and secondary ideas were sn1all ano not significant. Tab le 3 

reports the means ano standard deviations ano Table 4 summarizes th e 

analyses of vari ance among the four treatment conditions. 

Primary lee~_?_ 

Similar 
terminology 

Dissimilar 
terminology 

Review 
before 

Y.~o 
2 .43 
(20) 

b.Y5 
o.~5 
{ 21) 

Contiguous 
pass ayes 
control 

Second-only 
control 

Review 
atter 

7.41 
2 .SS 
{l~) 

10.74 
3.53 
{lY) 

lG.Yl 
l: .b9- ' 

l~ 2.% 
__ (~_!J_j 

Secondary Ioeas 

Review 
before 

b.25 
'L .78 
(20) 

8.14 
3.65 
(21) 

keview 
af ter 

6./ 4 
2 .4~ 
( lY ) 

lU. Uv 
4. lb 
{19) 

8 . 7 3 
't. .o7 

! { 22) 

8 .95 
3.24 
{d) 

~tudy Ill. Means an~ ~tandaros Deviat i ons 

Table 3. 
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Primary Ideas 

-------------------------------------------------------------~ Source of 
Variance df 

Sums of 
Squares F 

Sums of 
Squares 

-------------------------------------------------------~-~-~~: 
tv'1a in Effect 2 2 4 . 0 7 1.46 45 .88 

Terminology 1 t l.b7 l.U4 45.29 

Review 1 2 .Li j .25 • 73 

Interaction 1 o9.4b lU.82* t>t>.Y~ 

Exp l ai r1ed 3 l13.55 4.58 l. l.o7 

Residual 75 62U . 32 88!.J. () 1 

------------------------------------------------------------~~-~ 
Total 7b fjJ.07 Slbi.b7 

------------------------------------------------------------~---
*Significant at £ < .05. 

Study 111. Analysis of Variance 

lable 4. 

uverall, stuaents performed much lower than expectea ·on the 

dependent measure. lhis unanticipated poor cornpret1ension may be 

attributed to the aifficulty of the reading materials and the abil1~ 

of the subjects. ~ecause the stuay was focused on transfer in the 

context of "technical material," I intentionally n1ade the materials 

dense with both primary and seconaary content. This density of 

unfamiliar, technical concepts possibly overwhelmed the learners ancl 

caused them to lose interest in what they reaa. I should note, 

however, that the passages are at an th grade reading level accoru1~ 

to the Flesch Kincaid proceaure. lhe subjects were 8 to 20 months 

younger than subjects used in the secona study. ~hi le age alone is n~ 

a significant factor, ability to read, reason, and learn may be 

different between the two age groups. 

15 ·1€1 
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contiguous control group shoulo have experienced maximum transfer while 

the second-only control group should not have experienced any transfer. 

because the control groups did not differ fron1 eacn other, I cannot say 

that the differences among the treatment groups was due to transfer. 

Clearly, other learning conoitions were in operation--son1e of which 

might have been influenced by treatment manipulations. For example, the 

performance of the contiguous control group niay be attributable to 

transfer while the performance of the second-only control group may be 

attributable instead to rote learning procedures (Ausubel, 1978). 

Similarly, the treatment groups may have been different ially influenced 

by transfer and/or rote learning procedures. The similar-before group 

probably experienced more transfer than the other treatment conditions 

while the dissin1ilar-after group probably utilized more rote learning 

procedures. In the section that follows, I further discuss these 

tent at ive conclusions and provide a tneoretical basis for them. 

General Discussion 

I haa theorized in earlier that familiarity of technical 

terminology and a single organi zi n9 structure (i.e., existing schemata 

at both the word and concept levels) were prerequisite for 

comprehension and transfer. In retrospect, I believe 1 made a couple of 

erroneous assumptions : I assumed that because the passage had familiar 

words (e.g., card and reader ) being used in a very technical manner 

(i.e., card reader) that the terms would not invoke top-down or bottom

up processing. Furthermore, I assumed that because the passages 

integrated the terms into a novel conceptual structure (i.e., internal 



makeup of the computer) that unless that structure was 

reading, the process of comprehending those terms and deriving mea~, 

from the text would break down. while Study II supported these 

assumptions, Study Ill provided conflicting evidence. 

Ad. 

Rummelhart and Norman (1~78) provide a theoretical expl anatiun f1f Abt 

the outcomes in Study 111. They suggest that when adequate schematG 

cannot be found to account for incoming da_ta via top-Clown or bottom~up An< 

processing, then the passage "can be understood only in terms of a • t 

of disconnected subsituations (f acts)--each interpreted in terms of a 

separate schema.11 In other words, many students probably comprehende:o 

individual terms or concepts in isolation of each other rather than 

integrating them within one meaningful structure. According to Ausu~l 

(1978) and others (Mayer, 1979; Mayer & Bromage, 1980), learners 

without a meaningful structure can, in the short term, evidence as mt.~ 

learning (by rote proceaures) as can learners with meaningful 

structures. 

Furthermore, evidence from the second and third studies suggests 

that weak organizing schemata can actually impeae positive transfer ~d 

rote learning. If learners are leo to believe that a comprehensive, 

unifying structure is available to better learn and integrate new and 

difficult ideas, the learners are likely to forgo retrieving a series 

of disjointed structures. Rather, they w i 11 make the new structure do 

the best it can. However, if that structure is not well developed, 

(does not contain solid hooks in the right places) then a decrement b 

leaning over the rote learning procedure is possible. 
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The Impact of Television Li teracy: 

An Investigation of 

Narrative and Television Comprehen sion 

~~0und and Introduction 

Visual communications inundate today's students, and the <.1hllity to 

iiTterpret and utilize these messages is important to the learning process. 

ile educators s tudy the effec t that commercial televis ion and film has had on 

hildrcn, several national groups serious ly pursue the goal of creating a more 

iachnologically aware nnd med fa l iternte soc ieLy, in nn .-it tempt to nullify the 

erceived negative effects of viewing television and film (Kahn, 1979, Potter , 

The growth of film and television study hus l.ead to the development of 

~oth research and application of programs designed t o enhnnce what mnny are 

tulling "visual literacy". 

Sharing many elements with media apprecfotlon or film criticism, visual 

1tteracy has been variously defined, and theoretical pri~ciples of visual 

li teracy are being developed (Hortin, 1980). Visual literacy is: the ability to 

·rrocess elements and interpret visual messages ; the ~1 bil ity to understand und 

~11preciate the content and purpose of ;rny im;1g t: , the structural and aesthetic 

COOlposition in visual communication (Esdale and Robinson, 1981). An 

lllderstanding of the structural devices basic to all television a nd films is one 

or the main skills in acquiring visual literacy (Fos ter, 1979). 

"An understanding of how the structur;tl devices of 

composi tion, lighting, color, movement, editing, an d sound 

are used to influence audience reactions l s the minimal 

r equirement for becoming visually liternte. 

Students who spend more time watching films and 

television than they do re.'.ld ing hooks or sit t ing in 

classrooms need to know th.'.l t films and tel ev islon .'.lre more 

468 
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than instruments of entertainment, inform;1 tion, and artistic 

expression - they are powerful media, capnblc of influencing 

viewer's thoughts and actions. As a first s tep toward 

becoming visually literate, students should therefore learn 
All t 

to analyze the structural devices and production techniques 

of filmmaking and their ability to a ffect a viewer' s 

responses." (Foster, 1979, p.12) 

Educators are acknowledging the i ncreasing importance of including 

literacy or media competencies in the basic communi.cntions skills of students. 
Turne 

Many educators have identified the n e ed for visual literac y and have suggested 

activities to encourage its development (Potter, 1982 ; Kahn, 1982; England, 

1982; Foster, 1979; Sohn, 1978; Logan, 1977). llowever, most curricular 

A hal 
materials suggest lit t le assessment of skills which could establish base line 

data or allow for the assessmen t of g r owth . While visual literacy has been 

dearly defined, it has been much less cle.<..1rly invl!s tigat.cd. What is 

'M.A. S. H. ' 
of visual literacy of students? How can visual literacy be assessed? Can the 

various visual abilities be differentiated? 

The 1 
Only recently has one standardized assessment of visual literacy skills 

lla&sroom 
been developed (Tur ner, 1979). Turner reported that. this test was validated for 

11d the cc 
hi.gh school stu den t s and adults . While curricular ma t erials have been d ~velop~ 

to enhance the viewing skills of elementary school age students, no validated 

n ative 
assessment has been made available f o r that age group . The purpose of this 

study was to refine this standardized visu<-11. 1 itcracy assessment (Turner , 1979) 
r~ona l <; 

to allow its utilization with a younger audience. Through a pilot use of this . . 

n ew assessment, the visual literacy of students was evaluated to obtain data f or 
I 

The i 
f urthe r development of both this instrument ;1nd it s util iza tion. Some 

iarma t f arr 
naturaJ istic inquiry methods were also piloted. 

-2-
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s tic 

c ing 
Partic ipGnts 

All the students in five eigh~h grade speech conununication classes in a 
!LI rn 

tu es 
auall town in Illinois were selected, a total of approximately 75 students. 

t,trental consent forms were sent home and 12 stud en ts were either denied 

~ermis sion or were absent days of the study. 

Materials 
.uding visual 

Turner's (1980) instrument was a dapted for use with· eighth grade students. 
of students. 

Pte vocabulary and reading level were c heckt~d by a reading speci.ali.st. The 
1ve suggested 

; England, 
~,strument was limited to those questions de<iling with motion media, in an 

attempt to both shorten and focus the instrumL~nt on tc.• levisi.on- related items. 
iculur 

A half-hour narrative televi. s.ion progr.1m was chosen for the focus of 
sh base line 

liscussion on structional devic es of television, and the narrative elements of 
'I has been 

t-he program. All the students were asked to list their five favorite programs. 
t is the 1 cvel 

l:l.A.S.H." was chosen as the most watched <:ind most popular choice. 
s ed? Can the 

Procedures 

The Turner instrument was r efined utilizing a reading specialist and a 
racy skills 

tlnssroom teacher to serve as a review panel, checki ng both the language level 
s validated for 

been developed 
the content of all the items. Ten items were selected to represent various 

no validated 
elements of visual ability. Questions dealing with student comprehension of the 

~1rrative elements were also written and checked by the panel. A group of 
·s e of this 

(Turner, 1979) 
Personal questions were added (sex, viewing habits nnd preferences, reading 

,t use of this 
"1b it s ) to provide data on student's v.icw .ing and production of media. (See 

\npendix I) 
obtain data for 

The instrument was pilot t ested utilizing a presentation-quiz-discussion 
Some 

0tma t familiar to students as normal classroom procedures. In each class, the 

lnvestiga tor was introduced, expL1ined the procL~durcs, and distributed the 

111 ~ t tuments. Student s responded first to the visu~il. literacy questions. A 

11":0 ..... 
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videotaped episode of "Mash" was s hown on the school 1s equipment , and studen ts 

then completed the question s . The l as t questions (32- 38) wer e used as a 
Stude1 

for discussion which the investigator .lead, audio taping all activitie s. 

Results 

Th e result s of the pilot testing of the instrument are reflected in the 
Per so 

post-pilot version attached to this r eport (Appendix II) . In g eneral, Turner's 

(1980) instrument was found to I;.; much t oo .long, dif fic ult, and beyond the 
c per me 

ab ilit ies of most eighth g r ade st uden ts. The questions developed by the 

res ea r c her (#11-end) were too open-ended, and resulted in extremel y general , 
had r. 

"non-answer" responses which indica ted that students were not certain what was 
Ove1 

being asked. Que stions which elicited a ppropria te a nd more clea r responses we~ 
r week 1 

retained; others were e limi nated o r altered. Teacher researche r observa tions 

were also i ncorporated into the pos t-pilot instrument. 

The data actually collected from the instrumen t dealt with 1) the pilot 
1his 

nature of i n s trument d evel opment and 2) thL! ac tu;i I responses stud en ts provided. 
tudents , 

.sc uss i 01 
Instrumen t Pi 1 ot 

Muc h 
The s t andardized t es t question s from Turner were found to be much t oo 

diffic ult for the students. For each question, alrnost'half the ·students 
1ctivity 

responded "I don't know" or "I don't under s tand the questions . " Using stud ent 
litera cy 

'he ac t ua 
discussion , and question s and responses from the instrument , new visual l iter11cy 

questions were develop ed which focused on the production techniques u sed t o 
iteracy . 

pre sent the narrative . (Append ix 1 1) 

Questions about the narrative e l ements of plot , set ting , characters, and 
lefinemer. 

The 
conflict were clarified a n d forced c hoices were d eveloped for some . Some 

~serva tj 
knowledge of s tuden t's comprehension of narrative elemen ts could be extrapolated 

to their visual literacy abili t y , bu t ques t ions involving the two were no t 

pilot - tested. Ma ny s tud ents did not finish the instrument. 

- 4-
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· students 
Student Responses 

is a basis 
students did not know the correct answers to the Turn e r instrument 

i.es . 
No more than 10% of those responding to a choice selected the 

trect response (number 1-10). 

i in the 
Personal data was also collected. Of the 64 students, 38 were boy s , 26 

L, Turner's 
They saw an average of one-two f Urns per week in school, less than 

1d the 0 
per month at a theater, and over five per week on televis i on . They almos t 

the 
camera, and over 85% knew huw to t<.1k'c photographs. Most (75% and 

had no movie or video camera at home ; 88% d itl not know how to use either 
general , 

n whut was 
Ov er 50% had s t udied TV in school. Reading h<.1bits va ried widely; h ours 

ranged from 0-20, with an average uf 6 hours. Over a third of the 
s ponses were 

.erva tions 
students (38%) watched two-three hours per day of television, but 15% watc hed 

:vu s ix hours per day and 20% wa tchcd 1 css than one hour. 

.he pilot 
This data could be utilized to formulate a m~d i.a fami liari ty profile for 

:s provided . 
;tudents, and these questions were reta ined. 

lscuss ion 

JC h too 
Much information was gained f r om this project. The primary focus of the 

m 1vi ty was the development of an accept;1ble in!;trument to assess the visual 
Jen ts 

i ng student 
'tt~acy of pre-high school students. However, the larger question addressed 

s uul liter ... c·1 
~e actual methodology and research instruments utilized in investigating visual 

used to 
litera cy . While attention was directed at the d evelopment, pilot-testing, a nd 

tefinernent of an assessment instrument, the results involved more t han the 

c ters, and 
refin emen t of the instrument . 

Some 
The pilot test of the assessment involved employing participant -

extrapolated 
tbservation methods of data collection. The r esea r cher was directly involved in 

1ere not 
!U iding students and observing their belwviur while t esting the instrument. 

lecause of this direct involvement, the researcher had an opportunity to 

~teract with students, observe the questions raised, and observe reaction to 
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problems students encountered with their tasks. Consequently, while gaining 

excellent data pertaining to the development of an assessment instrument, the 

researcher also gained experience with obse rvation methodology and the prob! em, 

of investigating or researching visual literacy. 

Proponents of visual literacy research have addres sed themselves to some of 

the problems involved in the investigation of visual literacy factors. 

(1983) has challenged researchers to consider several important factors in 

future research. Among these was the idea that naturalistic inquiry methods 

should be utilized to investigate individual meaning derived from visuals . A:i 

interdisciplinary approach was recommended, and research on topics such as the 

developmental levels of visual literacy skill attainment was suggested. 

With this challenge to consider natural i stic inquiry and to investigate 

levels of visual literacy attainment, the resea rcher focused not only on the 

development of an assessment instrument but also on the methods of collecting 

data which could accompany and actually strengthen the utiliza tion of the 

instrument. 

pi: 

c studen 

Whi 

The ric 

the 

col 

t triang 

980) Resu 

In addition to the new instrument, the project derived much information on esponse we 

naturalistic inquiry. While students were unable to correctly answer "visual 

literacy" conceptual questions, they were very able to discuss film and 

television elements. The students revealed, through cla ss discussion and the 

open-ended questionnaire, a varied understanding of television production 

elements such as laugh tracks, multiple camera shooting, backdrops, sets, 

lighting, and sound effects. They could also delineate a reas of literary 

understanding from television, including such elements as plot, 

characterization, setting, climax, and theme . Overall, students were 

enthusiastic and cooperative, and many were interested in the results of the 

investigation. They revealed an active involvement wi th television and film, 

and were interested in better understanding the media. 
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:i s the 

ga te 
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c ting 

e 

tion on 

·isual 

1d the 

fhiS pilot revealed that another researcher's va lidated test was 

propriate to the task. The observed discu ssion revealed a great deal more 

t student's visual comprehension; the " s ituation i.n which people use visual 

ce.rials" (Cochran et.al. 1980) was rich i.n information no t available from the 

While the instrument had been validated, it was not clear and not 

The richest responses were verbal and were r ecorded for further study. 

r (1983) recommended that guidelines be developed f or the s tructuring and 

such data. Perhaps the categories provided on the new 

rsion of the instrument would fac ilitate successful ca tegorization of 

terview or discussion data . Guba (1981) has recommended several methods to 

the trustworthiness and especially the dependabil ity and transferability 

collected in naturalistic inquiry. The results of this pilot suggested 

~ t triangulation of technique, overlap (repeat ed) methods, and an audit trail 

all be possible improvements in the method of data collection. (Guba, 

Results did not indicate that a better written instrument for individual 

provide all the data desired. 

Experimental method s could b e used to investiga te some of the questions 

ddressed in this study. Messaris (1975) hn s used one such d esign to 

Rs tigate viewer's styles of film int erpre t a tion (rea l o r created) as they 

elate to the viewer's familiarity with film study, only to find that "a 

iewer' s past experience does not appear to deflect interpretationa l styles • ..• " 

7 (pg . 16) It would seem that more work, both experimental and naturalistic 

inquiry, is needed. 

Sullll1la r 

f the In conclusion, the following tasks were completed: a n instrument wa s 

film, r~developed for a y ounger a udienc e ; the new vers i on was pilot-tested using five 

Classes of eighth graders at Sycamore Jr. High School; the instrument wa s 

I ... 

r' r 
~ ' ,.. 

" 



r 

~.l . ' I• 

further refined utilizing the teacher and researcher, visual literacy 

literature, and the pilot data. In addition, information about utilizing a 

naturalistic approach to investigating visual literacy was generated 

project, and the possibilities for future r esea rch were explored and 
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·Appendix I 

VTSllt\L l.ITERAC:V TEST 

Try to answer these 10 film/TV ques t ions. _ !l___y_~J do not understand the 
please write ? in the margin. 

1. Depth is created in TV by using 

a . s traight on filming 
b. off side angles 
c. rear view filming 
d. angle on angle positions 

2. Which of the following technicp1<.•s i s not used to connec t s ect ions of shows 
t o c reate meaning? 

a . s hots arc put together into scenes 
l>. use of cut shots one aflcr anothe r 
c. s equence of establishing, m<.~dium and s hort shots 
d. none of these 

J. Tradition creates rules for media use. We have even developed a language of 
cartoons . A series of small smoke puff circles instead of a tail pointing tt 
the c haracter indicates ·------· 
3. thoughts 
b. dreams 
c. both a and b 
d. swearing 

I 
·I • !!ow is the sound recorde<l for ~I fighl 01\ TV? 

a. synchronously - at the same time the fight is recorde d 
b . dubbed in afterwards 
c. l do not know 

5. are colors that are u ~e<l in backgrounds. 

a. red, green, blue 
b. red, yellow, orange 
c. violet, dark green, blue 
d. black, violet , green 

6. Most [ ilming uses the technique of b.:lsic s hot sPquence . Tha t sequence i s 

a, c lose up, cut-away, long shot 
b. f .:ldc ln, close up, .l"a<lt~ out 
c. lon i.; , medium, close-up 
<l. z oom, close-up fa<l c 

7. It is us important to expand as to compn•ss time in film . To do so, you wou 
ll Sl' 

a. cut- ins to spec if ic ac t ion 
b . film at grca tcr speed 
c. Lime lapse photography 
cl . both a and b 
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not 

1'· var 

C• the 

d. the 

e. otn 

the f il 
<;overed 

a. to 

b. to 

c. to 

d. to 
e. I ( 

Time ir 
st cnmiT 
happen 

a. sh< 

"· sl< 
c. t ir 
ti. nor 
l'o r ( 



of shows 

l anguage o.f 
pointing to 

uence is_ 

s o, you would 

- :>.-

fl lm tcchnl<tues l ilw zoom shots nr L1~;l l'd i l i111·. w(irk best when 

not used too oftcn a. 
b· varied 

the audience recognizes them 
C• 

the audience is not aware of them d. 
other reason 

'!'he film "Fiddler on the Roof" was shot almost cnt irely with the camera lens 
' covered by an ordinary nylon stocking. Why wou1 <l you _!lOt use this procedure? 

a. to enhance colors 

b. to diminish the sharp focus 

c. to establish mood 

d. to make the film warm and earthy 

e. I do not know 

Time in film is both short cncd an<l cxp;rndcd. l!ow would you show a boat 
stc.'.lming up a river for 20 mi nutes and <locking .if you wanted to make it 
happen in a few minutes nf f Um? 

••• shot of boat, cut- away lo 

h. slow the f Urning to spcl'U 

c. time lapse film in~ 
d. none of these 
l '. r do not know 

wharf and 
up actual 

back t () 
act ion 

/l ~···· Q 

i. 0 

lion t 



Please try to answer each qucsti o 11 ltoncstly, to -tlie best of your ability. 

l. I thou~ht this show was: 

very good good OK not very good 

2. I understand this show: 

very well well not very well not at all 

3. \·/hen I came to class, bcfon~ vivwing tlli s show, l felt : 

happy fairly happy not vct·y happy (u11l1;1ppy) depressed 

4. After watching this show, I (tdt: 

happier the same less happy depressed 

5. Describe each of the main clwracters of this s how--who was 

6. \Jhat was the plot of this film? Hhat happens, briefly? From whose point 
of vi~w do we see tht~ story'! Hl10 is telling the story? 

7. ~~here and when docs this story tnkc place•? \.Jli;1t cl11C'S do 

8. What was your favorite part or scene'! Why? \.Jhnt was your least favorite, 
and why? Describe each as clearly as you can. 

I}. Js thl.!n~ one sccltl' lh•tl n•maim> ln your mlnd? llescrllH\ it. 

IO . ;i. \~hat was the mood or this show'? !luw did tltc show make you feel? 

b . What l~motlon or mood do y 1111 think tilt' show's producers. wanted you, the 
auJh.•ncc, to feel? Did tlll'y succl•ed? 

Did the 

Can yot 
import<: 

Did an) 
"work" 

am m< 

1 ive: 

in towr 

'low ma1 

l or m< 

, !low m.:11 

at .:my 

at horn• 

How mu 

11.!SS t 

2- l ho 

. !)., you 

Whal k 

IA.i you 

Do )'l1U 

. Oo hav 

Oo you 



.i t y . 

:l 

how about ? 

ose point 

e to help y 

: favorite, 

'eel? 

?d you , the 

-~-

l)iJ you like the soun<l t rack--l11P music'? What effect did the music h ave? 

Did the characters seem real to you? ·.~hy, or why not? 

c.:in you describe anything about how the show was put together? Were any 
important times left out? Di<l time seem to move quickly or slowly? 

Did anything about t he show bother you? Did you like the show? Did it 
"work" a s a story r or you? 

am male female 

1. live: 

in town outside of town on a farm 

. 'low many films do you see in school, in all of your classes? 

l or more per week about l-2 a mont h less than 1 a month 

, !!ow many films do you see outside o[ school'? 

at any theater, how many per month'! less t h.:in 1-2 5 or more 

.it home, on TV per week? 0 1-2 5 or more 

How much 1V do you usually v i ew? 

) l! SS than 1 hour per clay ,,_ 5 I wu r:.; pc•r day 

2- 3 hours per day () or mon· hours pt· t- day 

I. [\) you havl~ a c.:uncr ;t at llllmC? Yl'S 110 

Whal kin<l? 

llu you know how to Ltkl' photographs'! 110 

JJo )'\1U often take photo;., r aphs? yes no 

I 
Du lionH.''! ., have a movie camera ., t yes no 

Do ]'DU of ten tnkc movies? Yl~S no 

180 



-'.!-

21. Do you have a video camera at IHllll(' '! 

Do you know how to use It? 

Do you of ten use it? 

2 4. 'lave you studied film maklng in any c La:>s? yPs no 

wltich onc(s) ------- - - ·· --- ... -·-·-·- ···- -----·-- -- - -·-·------------~-

2 5. 11 .1vc you studied TV product ion in any l' la ~.;:;? 

16. Do you Ukc watching films in school? 

',.Jhy? 

YL'S 

27. Do you like watching v idcotapcs (TV) in school? 

\Jlty? 

\lhich <lo you like hl'ttcr? Wily? 

~~8. Do you play video games at home'! 

!low many hours per week? 

yes no 

yes no 

no 

yes no 

2'). Do you play video games at arcal.lL~s ? 

!low many hours per week? 

)'l' S no 

JO. i)l) you watch TV at home with l i!jhts 011 or off? 

31. How much do you read outside of school? hours per week? 

Books? --- hours per week? ~1agaz lncs? hours per week 

Newspapers? hours per week'? 

·3 ~. llow do you feel when you wat c Ii TV al llnml~ '! 

n. 1n 1y <lo you watch TV? 

V1. !low <lo you know wlu.'n Lite "climax" nf a TV ~;Lory takes place? ti.re there cl1 

°35. !low <lo you know wlwn tlw funny part s of a 'IV :;tory take place? ti.re there c 

Did you 

,\nyt h in 

Any <J UE 



c,an you dcf ine: shot -

edit 

zoom in -

----
~-

Diel you notice anything about the l.i;~l1ting in this show? 

Anything else you would l ike to comment 011? 

Any questions you would like to ask? 

~e there clu 

Are ther e cl 



Appendix ll (New Version) 
VISUAL LITERACY TEST 

Please try to answer each question honestly, to the best of your 
do not understand the question, please write a ? in the margin. 

l . I thought this show was: 

very good good OK not very good 

2. I understood this show: 

very well well not very well not at all 

3. When I came to class, before viewing this show, I felt: 

happy fairly happy not very happy (unhappy) depressed 

4. My mood after seeing the show was: 

happier the same less happy sad depressed 

s. The main character was: 
(name choices) 

a. 
b. 
c. 
d. 

6. The other characters were: 
(name choices) 

7. 

8. 

9. 

10. 

a, 
b. 
c. 
d. 

The following events may or may not have bee n parts of the plot of this S' 

Place numbers in front of these in the order they occured. Cross out any " 
did not occur. 

1. 5. 9. 
2. 6. 10. 
3. .7. 
4. 8 . 

This story (show) took place in: 

a. 
b. 
c. 
d. 

One clue to show this place was: 

a. 
b. 
c . 
d. 

ls there one scene that remains in your . mind? 
483 

Describe it. 

I· \Jh.J t e1 
Judien1 

yo 
th 

t3. Did th 

tfi. What c 

15. ~Iv agE 

16. I am ~ 

17. 1 i VE 

in to\ 

18. How m< 

1 or I 

19. !low m. 

dt an: 

.it ho1 

~o. How m· 

less 

2-3 h1 

~ I. Du yo· 

Wh...it 

J)l) yo 

Do yo 



ility. 
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1 w1i.1 t emotion or moo<l <lo you think tilt• show' s producers wanted you, the 
1 • ,1ud ience • to feel? 

a . 
b . 
c. 
d. 
e. 

1 ~ . c.rn you recall music or sound ef fects from the s how '! lf yes what effect 
did the music have? 

Ye s 
No 

t3. Did the characters seem real to yo11 '! Why? 

Yes NO ---

14 Wh.i t color /colors were use d the most: 

d. 

b. 
c. 
d. 
c . 

15. ~ly age is 

16. am Male f emale 

17 . 
of this show 

1 ive: 

s out any t 
in town outside of town on a farm 

18. How ma ny films do you see in school, i n al 1 of your classes? 

1 or more per week a bout 1-2 a month les s than 1 a month 

19. How many films do yo u see outside of school? 

a t any theater, how many per month? less than 1-2 3- 4 5 or more 

;1 t home, on TV ~~ _ __w_c_e_k? 0 1-2 5 or more 

20. !low much TV do you usu.ti ly v iew'? 

J l'SS than l hour per d.1y 4- 5 hours per day 

2-3 hours per day 6 or more hours a day 

21. Du you have a camera at home? yes no 

Wh.;t kind? 

Dl) you know how to t.1kL~ pho tl)~ r aph s'! ves no 

Do you o f ten t ake pho t ographs? .. 1(-' no .. . '-' . 



~ 

- 'J-. 

22. Do you have a movie camera at home? yes no 

Do you of ten take movies ? yes no 

23. Do you have a video camera at ho1110? yes 110 

Do you know how to use it? yes no 

Do you often use it? yes Ill> 

24. Hdve you studi~d film making in any class? yes no 

which one(s) --------- ------ -·- -- ----- . - - ---- --- ---------------

25. Have you studied TV production in any clHss? yes no 

26. Do you like watching films in school '? yes no 

Why? 

27. Do you like watching videotapes (TV) in school? yes no 

Why? 

Any 
Which do you like better? Why'! 

28. Do you play video games at home'? yes no 

Huw many hours per week'? 

29. So you play video games at arcades? yes no 

Huw many hours per week'? 

JO. Do you watch TV at home with lights on or off '? 

31. How much do you read outside of school'! hours per week? 

Books? hours per week? Maga2 ines'? hours --·------ per week? 
' 'if Newspaper? hours per week? 

32. How do you feel when you watch TV at home? 

33. Wh;..• do you watch TV? 

34. How do you know when the "climax " of <1 TV story takes place? Are there cl 

35. !low do you know when the funny piirtS of a TV story take place? Are there 
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k? 

.re there cl 

Are 

c~n you define: shot -
10· 

edit -

zoom in -

-4-

)7. Did you notice anything about the lighting in t h is show? What? 

JS. Anything else you would like to comme nt on ? 

Any questions you would like to •1:;k '! 
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Abstract 

The effect of adding time for processing compress ed speech and the 

effects of questions that gave adjunct pictures either a redundant 

or a contextual function were determined. Subjects were 144 fourth

and fifth-grade students assigned randomly to 24 groups. They listened 

individually to a 20-sentence story at either 225 or 300 words per 

minute (wpm). Also, they either looked at pictures as they listened 

or only listened. Questions in. cued recall gave the pictures either 

a redundant or a contextual function. Alpha was set at .OS. Increase 

in recall was significantly greater at the higher than at the lower 

wpm rate when pause time was added between sentences as well as when 

pictures were added to the story. Questions that made pictures redundant 

improved recall, whereas pictures that made them contextual did not. 

The results with respect to pause time suppor ted several prior studies. 

The results with respect to the use of redundant pictures suggested 

that pictures can preclude a reduction in comprehension at higher wpm rates. 
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Processing Time and Question Type in the 

Comprehension of Compressed Speech with Adjunct Pictures 

3 

Information is processed primarily by either listening or reading. 

Reading is of ten thought of as the primary mode of communication. 

However, listening is also an important mode. Furness (1971) agreed 

with Early (1971) that students at all age levels spend a larger 

proportion of their time in and out of school in listening than in 

reading. In addition, Duker (1971) summarized the results of several 

studies showing that, "About 60% of the elementary day is spent in 

listening of one sort or another" (p. 103). Listening is involved in 

many kinds of learning. Various kinds of teaching methods i nvolve 
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speaking and listening as the primary mode of communication--for example, s 

lectures, discussions, peer learning, certain simulation games, etc. M 

The use of audio materials in classrooms has increased in recent years n 

with the greater availability of educational technology, leading to t 

even more emphasis on listening. Moreover, mass communication via 

radio and television has made listening more important to every person. 

Recently, a number of new technological developments has increased 

further the incidence of speech communication. Examples are talking 

calculators and clocks and special devices to teach elementary skills 

to children. Pisoni (1982) has been doing research concerned with the 
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Processing Time 

production of synthetic speech by computers and anticipates that 

such research will lead to more natural communication between 

people and machines. 

4 

In spite of the importance of listening in communication, 

listening is ordinarily less efficient than r eading. Whereas in 

reading one can take in entire phrases and even sentences in a single 

glance, in lis tening .one must respond to single words in sequence. 

As a consequence, listening proceeds much more slowly than reading. 

In reading, people often "scan" material with which they are familiar, 

achieving very high words-per-minute rates. 

A number of technological developments over the past 30 years 

has made listening considerably more efficient when t he material 

listened to has been tape recorded . The general term f or the process 

that increases efficiency is "time-compressed speech." Time-compressed 

speech--also called compressed speech-- was anticipated in a sense by 

Miller and Licklider (1950). Taking advantage of t~e knowledge that 

normal speech is redundant, that is, that speech contains more information 

than is necessary for its being understood, they periodically eliminated 

portions of recorded speech . This was accomplished by having an 

automatic switch turn the speech of and off . When the number of 

interruptions per second was 100, they found that the speech was 

understood almost perfectly. Their procedure was modified by Garvey 

(1953) who eliminated small portions of an audio tape on which a number 

of unrelated words had been recorded, using a r azor blade, and spliced 
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the remaining portions together. He had people listen to the words 

one at a time. He found that the intelligibi lity of the words was 

unaffected until they had been shortened to one-third of their 

length. This "chop-splice" method was the first one used 

compressed speech. Fairbanks, Everitt, and Jaeger (1954) described an 

electro-mechanical device that produced materials very much like those 

produced by Garvey. Their procedure as well as Garvey's resulted in 

speech that retained the original voice frequencies. Other such 

electro-mechanical devices were produced both in the United States and 

in Germany over the next two decades . These devices were characterized 

by their bulk, high cost, and complexity. More recently, a new type 

of compressor has appeared on the market that is portable, inexpensive, 

and simple . This compressor has been made possible through the use 

large-scale integrated circuits that are characteristic of modern 

technology. Thus, it is now feasible for individuals to have their own 

personal speech compressor, just as it is feasible for them to have their 

own pocket calculator. If a learner has purchased or prepared tape 

recorded educational material, by playing back this material using a 

modern speech compressor, he can continually adjust the speed at which 

he listens to suit his own needs. 

The development of speech compressors and the consequent op tion on 

the part of the listener to listen to recorded materials at various r~ 

has prompted a number of studies of variables affecting the intelligibi 

of individual words as we.11 as the comprehension of connected discourse. 

A substantial amount of this research was described at three national 
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compressed speech conferences held in 1966, 1969, and 1975. A 

review of much of this research was published by Foulke and Sticht 

(1969). An extensive anthology and annotated bibliography in three 

volumes was published by Duker (1974). Much of the research that has 

been done is dependent on studies done earlier involving speech at 

normal rates. Therefore, such concepts as that of information 

processing have been useful in compressed speech research. No attempt 

will be made here to· summarize all of the research concerned with 

compressed speech, but rather only the research that has led up to 

the present study . 

The comprehension of discourse has been a primary empirical domain 

of concern to cognitive theorists (e.g., Just and Carpenter, 1977) . 

Most of the research has been concerned with reading, although it is 

not uncommon for listening to discourse to be included within 

theoretical formulations (e.g., Kintsch, 1977). The fundamental 

variable that defines time-compressed speech is the words-per-minute 

(wpm) rate at which recorded material is presented. As would be 

expected, given a sufficiently high wpm rate, comprehension declines 

drastically. Foulke and Sticht (1969) wrote, "The increase in rate at 

which comprehension declines beyond 275 wpm suggests that when a certain 

critical word rate is reached, a factor in addition to signal degradation 

[i.e., distortion introduced by the process of time compression]begins 

to determine the l oss of comprehension. The understanding of spoken 

language implies the continuous registration, encoding, and storage 
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of speech information, and these operations require time (italics 

added). When the word rate is too high, words cannot be processed 

as fast as they are received, with the result that some speech 

information is lost" (p. 60). Hughes and Foulke (1975) found that 

one effect of signal degradation is to slow down the processing of 

speech information, thereby contributing to the total time required 

for the understanding of spoken language. In their experiment, 

highly compressed isolated words were identified less rapidly by 

listeners, and it was· concluded that this result supported . further 

the position of Foulke and Sticht (1967) that the decrement in 

comprehension of connected speech as wpm rate increases is at least 

in part a function of the increasingly limited time available to t he 

listener to process speech information. This result is consonant 

with Aaronson's (1967) conclusion based upon the results of several 

studies that "experimental evidence indicates that processes continue 

to occur after the physical stimulus presentation--either auditory or 

visual--is terminated. Interference with or termination of these 

post-presentation perceptual processes can lead to decreased recal l 

accuracy" (p. 136). An example of these studies was one done by 

Aaronson (in Aaronson, 1967, p. 134). She compressed spoken digits 

in sequences of seven but left the rate of their presentation 

unchanged. Recall of the sequences was more accurate for the compressed 

than for the original digits. She presumed that providing more silent 

time allowed more adequate perceptual processing and hence more accurate 
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recall. 

Chodorow (1979) has made use of time-compressed speech in an 

attempt to detect and differentiate lexi cal and syntactic processing 

when isolated sentences rather than isolated words or digits are used . 

In reviewing prior research, he drew attention to the conclusion that 

lexical processing occurs only in close proximity to a given word, 

while syntactic processing may be "strung out." He reasoned that he 

could track the processing of an auditory sentence occurring after 

that sentence had been completed by following the sentence with an 

auditory word li!'}t having its onset after various lengths 

of pauses between the conclusion of the sentence and the onset of the 

word list. Presumably, with a shorter pause, processing of the 

sentence would tend to compete with listening to the subsequently 

presented word list , and both the recall of the sentence and the 

recall of the word l i st would show decrements. He was especially 

interested in such effects resulting either f r om (a) an ambiguous 

word in a sentence or from (b) syntactic complexity . Also, he 

reasoned that in using time-compressed speech where the wpm rate 

is high, presumably the processing of a concluded sentence would 

be even more likely to continue during the period when the word list 

was being presented . With an ambiguous word in each sentence, he 

found that a decrement in recall of the ambiguous word resulted 

from "premature truncati on of some ambiguity resolution procedure" 

(p . 100) . Although a longer pause between sentence and word list 

. . ··- ·-·-------·------ -----
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improved performance, this effect was not statistically significant. 

However, with a variation in syntactic complexity (in his words, 

structural indeterminacy), it was found that with more complex 

sentences, a shorter pause time produced a significant decrement in 

recall of the word list, consistent with the view that with increasing 

complexity, processing continues longer after the sentence is over. 

Also, a longer pause improved sentence recall following less complex 

sentences when they were compressed, but not following more complex 

sentences. Apparently the more complex sentences required more pause 

time than the longer of the two values of pause time that were used . 

Overmann (1971) also investigated the effect of introducing 

pauses in compressed speech, but she introduced them between phrases 

and sentences in discourse rather than in relation to single sentences. 

She divided the time saved in the process of compression among phrase 

and sentence junctions, thus replacing the processing time lost through 

compression. The result was that performance was improved significantly 

compared with compression without such replacement. However, there was 

s till some decrement in performance in relation to the control (normal 

rate) condition. Presumably, this remaining decrement was due to both 

signal degradation and to consequent insufficient time for identifying 

individual words, as suggested by Hughes and Foulke (1975). 

The results of Aaronson (in Aaronson, 1967), Chodorow (1979), and 

Overmann (1971) suggest that providing additional processing time impro~ 

recall of either a sequence of digits, an isolated sentence, or discourse• 

.. , ... 
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There is evidence that the amount of processing time needed for 

adequate retention following the brief presentation of pictures is 

approximately 1 sec and under some conditions even less (Sheikhian, 

Fleming 1 & Hughes, 1975). Presumably, knowledge about such processing 

requirements in discourse can provide ways of improving its compLehension. 

Even though an adequate amount of processing time is available at 

sentence boundaries, the unintelligibility of individual words may 

interfere with adequate comprehension of discourse . As indicated above, 

this may be both because of a degraded signal per se and because such 

a signal results in an inordinate consumption of time even if it is 

finally identified. ~t will be recalled that Chodorow (1979) pointed 

to evidence that lexica l processing occurs only in close proximity to 

a given word. On that basis we might speculate t hat words that require 

an inordinately long time for identification will simply be missed. 

However, this may not happen if redundancy is increased by some means , 

for Sticht (1969) found evidence that signal dis tortion is of less 

consequence when redundancy is increased. Levin and Lesgold (1978) 

have reviewed research concerned with the presentation of pictures that 

are considerably redundant with respect to concurrent auditory discourse 

at normal wpm rates. A number of studies has shown that young children's 

comprehension i n these circumstances is consistently improved. Hughes, 

Langdon, and Kim (1981) measured such an effect at various wpm rates 

and obtained results confi rming those described by Levin and Lesgold 

(1978). They had speculated that the use of redundant pic tures would 

facilitate comprehension to an even greater degree at higher wpm rates. 
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This speculation was based upon Hughes and Foulke's (1975) finding 

that more highly compressed words are identified more slowly. It 

seemed likely to them that the redundant information in pictures 

would increase the probability that critical words in the discourse 

would be identified within the relatively brief amount of time during 

which this would be possible. They spoke of the possible replacement 

by redundancy in pictures of the redundancy in discourse that was lost 

through time compression. Their results were in the predicted directfo11 

in three experiments, but they were not statistically significant . 

An alternative view to that taken by Hughes, Langdon, and Kim (198U 

is that a picture may itself transmit information that allows the view~r 

to answer a question that has been composed to test a listener's 

comprehension of a sentence which that picture . accompanies. That is to 

say that the picture may not act to make an auditory sentence more 

comprehensible, but i nstead may transmit information contained in 

that sentence while the sentence itself remains incomprehensible. In 

the Hughes et al. (1981) study, some of the third grade children 

listened to discourse at a very high rate, namely, 375 wpm. The usual 

conditions of listening to the discourse alone and listening to discourse 

accompanied by pictures were used, but also the pictures that had been 

used previously only in conjunction with the recorded discourse were fulr 

the first time presented alone, at durations that were the same as when 

they were presented along with the discourse. The results were that 

subjects who saw the pictures alone performed equally_ as well as those 

who both saw the pictures and listened to the discourse at 375 wpm. 
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However, those who only listened to the discourse performed at such 

a low level that they seemed to be understanding virtually nothing 

of what they heard. This result suggests that the pictures may, indeed, 

have been primarily transmitting information directly rather than 

acting to make the discourse understandable. Of course, at the rate of 

375 wpm it could be that the discourse could not have been made 

understandable by any means whatsoever. In the present study, rates 

lower than 375 wpm were used, and therefore it seemed necessary to 

include the condition of presenting the pictures alone. 

Further, we might say that if the character of the pictures were 

such as to provide a context for the information contained in the 

discourse rather than to provide that same information, then perhaps 

the discourse would be made more comprehensible, making a claim for the 

pictures' bringing about greater comprehension of the text more 

believeable. In research discussed by Chodorow (1979), subj ects' 

interpretation of a lexically ambiguous sentence could be biase d toward 

either sense of the ambiguity by providing an appropriate context sentence 

to one of their ears while they listened to t he ambiguous sentence in the 

other ear. The use of a picture that provides context for a sentence 

is aomewhat analogous to Chodorow's procedure. 

The decision was made to attempt to change the ques tions for some 

s ubj ects in such a manner as t o make the pictures contextual rather than 

redundant--that is, to change them such that it s eemed likely that they 

could not be answered on the basis of seeing the pictures but could be 

answer ed on the basis of hearing the discourse. In some instances it was 

r.: 1""' .. ; ....... 

-- ---- ·--- - --------- -- ------------
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not possible to make such changes . However, enough such changes 

could be made to make it seem reasonable to incorporate as a fourth 
we 

independent variable the nature of the relationship between the 
th 

I 

discourse and the pictures. That is, the pictures would function 
fo 

either as a source of redundant information with respect to the 
d:i 

sentences or else the pictures would function as a context for the 
cc 

sentences, with the presumption that in either case the sentences 
f< 

would become more comprehensible as a result. However, it seemed 

likely that redundant pictures would improve comprehension more t han 

contextual ' pictures would. A redundant picture provides information 
w 

that may not have been transmitted successfully by a time-compressed 
b 

sentence, while a contextual picture only increases the probability 
r 

that the sentence transmits its information. Guttman, Levin, and 
l 

Pressley (1977) found results consonant with this conjecture when 

kindergarten children were subjects but not when s econd and third 

graders were subjects. Their redundant ("complete") pictures 

depicted a critical object while their contextual ("partial") 

pictures depicted only the environment of the object. An experiment 

with similar results was done by Pressley, Pigott, and Bryant (1982) . 

Of course, in the present experiment, higher-than-normal wpm rates 

were used, and even for olde r children it seemed likely that redundant 

pictures would improve comprehension more than contextual pictures 

would in view of the redundant pictures' providing information that 

may have not been transmitted successfully at the higher rates. 

512 
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mg es As indicated in the preceding paragraph, some of the questions 

t fourth were to be changed to give the pictures a contextual function rather 

the than a redundant function. The question arose as to whether the two 

lction forms of the questions were of equal difficulty. If they differed in 

the difficulty, then difficulty and function of the two forms would be 

for the confounded. A determination of the relative difficulty of these two 

t ences forms was made during the course of the experiment, as will be described 

s eemed later. 

more than The purpose of the present research was to explore the extent to 

.f ormation which the usual decrease in the comprehension of recorded discourse 

:ompressed by young children as wpm rate of the discourse increases is less as a 

1bability result of (a) adding pause time at sentence boundaries, (b) providing 

.n, and redundant pictures, and (c) providing contextual pictures. 

~e when Method 

i third Subjects 

res Participants were 144 fourth- and f ifth-grade students in local 

l " ) and area schools. The participants were randomly assigned i n equal 

experiment numbers t o each of 24 experimental conditions resulting f rom the 

ant (1982) . combination of two pause times, two rates, two presentation conditions , 

pm rates and two question types, and to eight control conditions wher e only the 

at redundant 
pictures were presented. 

pictures 
Apparatus 

.tion that The experiment was conducted at each of four schools. The 

·ates. experimental room was a room that was made available at each school. 

Each room provided a quiet and private environment. 
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A Dukane Micromatic II Sound Filmstrip Projector was used to 

project filmstrips. The discourse was recorded on Maxell cassette 

tapes . Two sets of high quality earphones together with a junction 

box were used to allow both the subject and the experimenter to 

listen to a story. 

Materials 

The discourse, pictorial, and test materials of Bender and Levin 

(1978) were used. The discourse and pictorial materials consist of 

a 20-sentence, fictitious story titled "Joseph, the Border Guard" 

together with 20 line drawings with watercolor embellishment, one for 

each of the sentences. For each sentence there is a question that can 

be answered with a word or a short phrase. These questions correspond 

to a level of comprehension of discourse described by Perfetti (1977) 

as questions that "require information based on a semantic- syntactic 

analysis of the sentence and are the kind of 'literal questions' 

(referential, not inferential) that test construction is familiar 

with" (p. 22) . For example, the first sentence is, "Once upon a time 

there was a small kingdom ruled by a king who lived on a hill outside 

of the kingdom." However, eight of these questions were changed for 

some subjects to create contextual pictures as opposed to redundant 

pictures. For instance, subjects were presented a picture· of a castle 

on a hill outside of a kingdom. Subjects in the redundant pictures 

condition were asked , "Where did the king live?" In the contextual 

pictures condition, subjects were asked, "Who lived on the hill outside 

of the kingdom?" The picture did not show the king but only the place 



1g Time Processing Time 

15 16 

:ed to where he lived. The first ques tion made the picture redundant since 

tssette it required the subject to provide information in the picture (place 

unction lived). The s econd question made the picture contextual since it 

· to required the subject to provide information not in the picture (who 

lived in that place). Rules were adopted to define correct responses 

to the questions. Practice materials consist of a t hree-sentence 

and Levin story together with three line drawings with watercolor embellishment. 

1sist of The sentences had been tape recorded for use in the Hughes et al . 

:uard" study, with broadcast quality at 150 wpm by a professional r eader. 

. , one for This tape was compressed to each of two rates, 225 and 300 wpm, using 

>n that can a Varispeech II Speech Compressor. Following each recorded sentence, 

correspond there was a single 50 cps tone on the tape for the experimental 

:ti (1977) conditions where the pause was 0 sec. This tone advanced a filmstrip 

;yntactic consisting of the 20 line drawings to the next frame. However, for the 

.ons' experimental conditions where the pause was 4 s e c , following each 

1iliar recorded sentence there were two successive 50 cps tones on the t ape. 

>on a time The two tones were s eparated by 4 sec in terms of tape transport time. 

Ll outside Each of these tones advanced the filmstrip projector by one frame. A 

mged for second filmstrip consisting of the 20 line drawings was constructed 

?dundant such that there was a blank frame between successive drawings. In this 

>f a castle way the first of the pair of 50 cps tones advanced the filmstrip to a 

>ictures blank frame and thus removed the current drawing, while the second tone 

itextual advanced the filmstrip to the next drawing. The filmstrip projector is 

lill outside constructed suc h tha t the 50 cps tone is inaudible. 

r the place 
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Procedure 

The projector was set up at a distance of 5.5 ft (1. 7 m) from 

a wall of the experimental room to produce a 12 x 18 in (30 x 45 cm) 

i mage. The image was projected on a piece of 22 x 28 in (56 x 71 cm) 

white cardboard that was mounted on the wall. Subjects participated 

one at a time. Order of experimental conditions was random with the 

restriction that there were s ix replications of each condition. The 

subjects were seated on the right side of the projector and were 7 ft 

(2 . 1 m) away from the screen. The subjects were given instructions 

in keeping with experimental conditions to i nform them that they 

would be listening to a story, with or without accompanying pictures, 

or would be watching a series of pictures that in themselves tell a 

story, and tha t afterwards they woul d be asked some questions about it. 

They were given practice materials, including questions, under the same 

condit ion to which they had been assigned. After the instructions and 

examples had been provided the s ub jects, they listened to the sentences , 

with or without accompanying pictures, or saw the pictures alone, and 

then were asked questions. Questions were asked and answered orally in 

the same order as t he sentences. The experimenter wrote down the answers 

on answer sheets . When each subject finished, s/he was asked not to talk 

about the s tory with friends until the study had been completed at that 

particular school. 

Design 

The four independent variables--pause time, wpm rate, pres entation 

condition, and question type--were combined in a 2x2x2x2 factorial desi&O• 

!l1G 

-- -----------------··-·· 
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The reason that the design implies only two values of the presentation 

condition variable is that the condition of presenting pictures alone 

was treated as a control condition for the purpose of comparing the 

amount of information transmitted by the pictures alone with the amount 

transmitted by the discourse alone, in a separate analysis. A second 

control analysis was done to determine whether the two sets of eight 

questions each, that differed in their function of making the pictures 

either redundant or contextual, were of equal difficulty. For this 

purpose, the data from subjects who only listened to the discourse was 

used. A third and final control analysis was done to verify that the 

questions designed to give the pictures different functions did, indeed, 

give them those functions . Data from subjects who had seen the pictures 

but had not listened to the discourse were used. Clearly, the redundant 

questions should result in more correct answers than the contextual 

questions because the redundant questions pertained to information 

contained in the pictures, while the contextual questions did not. The 

level of significance adopted for a ll statistical analyses was .05. 

Results 

The results will be described in terms of performance on the 8 

questions of the original 20 in order that direct comparisons involving 

the redundant and the contextual functions of the pictures may be made. 

Also, as it turned out, results involving all 20 of the questions were 

equivalent to those involving only the 8 questions and would provide 

only redundant information. 

517 
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Table 1 s hows the mean number of correct answers out of eight 

for the various combinations of values of t he four independent 

variables. The results of an analysis of variance for these data 

are shown in Table 2. 

Insert Table 1 and Table 2 about here 

The main effect of pause time was not significant (Table 2). 

The mean number of correct answers for a 4- sec and a 0-sec pause 

were, respectively, 4.89 and 5.04. However, a question of greater 

interest was whether as the rate of discourse increased, adding 

pause time resulted in less loss in comprehension than when pause 

time was not added. This question corresponds to the rate-by-pause

time interaction, which was significant (Table 2). As shown in Table 

3, the nature of that interaction was that, whereas with a 4-sec 

pause the decrease in mean number of correct answers as rate increased 

was 1 . 37, with a 0-sec pause the decrease was 2.75. A simple main 

Insert Table 3 about here 

effect test of the significance of each of these two differences 

showed that each was significance (I_ = 8. 97 and 36 .16, respectively)· 

Thus, with increasing rate, the 4-sec pause resulted in a significantly 

smaller loss in comprehension than did the 0-sec pause. Pause time was

thus shown to be of consequence in spite of not being a significant 
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main effect . 

Unlike the main effect of pause time, t he main effect of wpm 

rate was significant (Table 2). The mean numbers of correct answers 

for the two wpm rates of 225 and 300 were 6 .00 and 3.94, respectively. 

As just described, wpm r ate interacted with pause time . In addition, 

rate interacted with presentation condition (Table 2) . As shown in 

Table 4, the nature of that interaction was that, whereas the increase 

in mean number of correct answers at the lower rate when pictures were 

added was 1 . 08, the increase at the higher rate was 2.38. Thus, the 

Insert Table 4 about here 

facilitating effect of pictures was approximately twice as great at the 

higher rate as at the lower rate. Each of these increases was 

significant (! = 5.58 and 27 . 08 , respectively), in keeping with the 

signifi cance of the main effect of presentation condition (Table 2). 

The mean numbers of correct answers for t he discourse-alone condition 

and the discourse-and-pictures condition were 4.15 and 5.84, 

respectively. 

Although the main effect of question type was not significant, 

it interacted with presentation condition (Table 2). Table 5 shows 

the nature of that interaction. Improvement in mean performance was 

Insert Table 5 about here 
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about four times as great in the case of questions that made the quei 

pictures redundant, 2.75, as in the case of questions that made the was 

pictures contextual, .71. The first of these two mean differences 

was significant (! = 36,16), while the second was not significant wit~ 

(F = 2.41). Thus, adding pictures that had a redundant function was 

facilitative, while adding pictures that had a contextual function and 

was not. the 

It will be recalled that three analyses were done for control don 

purposes. In the case of the presentation-condition variable, a red 

question of considerable interest concerns the extent to which for 

subjects were able to answer the questions after having seen the app 

pictures without having heard the discourse. As pointed out earlier, The 

the pictures-alone condition may therefore be characterized as a que 

control condition. The mean numbe r of correct answers out of a total pri 

of eight for subjects who listened to the narrative was 4.21, while va1 

the mean number for subjects who saw the pictures was 3. 29. The 

difference between these means was significance (! = 6.86). However, 

it is clear that performance by subjects who saw the pictures was of 

substantial. in1 

The second control question was whether the two sets of eight Thi 

questions each, that differed in their giving the pictures the function in-

of being e±ther redundant or contextual, were of equal difficulty . To of 

answer this question, an analysis was done using data from those va 

subjects who only liste ned to the discourse. For redundant questions, or 

the mean number of correct answers was 3.75, while for contex tual 
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questions, the mean was 4.46. The difference between these means 

was not significant (!, = 2.18). Thus , it appeared that the intended 

function of the pictures, redundant or contextual, was not confounded 

with the variable of level of difficulty . 

The third and final control question was whether the redundant 

and contextual questions actually resulted in the pictures' having 

these respective functions . To answer this question, an analysis was 

done using data from those subjects who only saw the pictures. For 

redundant questions, the mean number of correct answers was 4 . 83, while 

for contextual questions, the mean was 2.21. Thus, the questions 

appeared to have given the pictures their intended functions, in general. 

The failure of the mean number of correct answers for contextual 

questions to be equal to zero would seem to have been due to subjects ' 

prior knowledge and to lack of independence of the content of the 

various pictures. 

Discussion 

One of the more notable results of the present s tudy is that all four 

of the independent variables were involved in one or more significant 

interactions, whereas only two of the main effects were significant . 

These two effects, wpm rate and presentation condition, were each 

involved in two of the t hree interactions. Thus, under the conditions 

of the present s tudy, answers about the effect of individual independent 

variables must be qualified with respect to the specific values of one 

or more other independent variables. 

521 
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It will be recalled that several studies were described earlier 

that were concerned with the general hypothesis that under some 

circumstances people continue to process verbal stimuli after these 

stimuli have been terminated. It was these studies that led to the 

investigation in the present experiment of the effect of introducing 

additional processing time between successive sentences in connected 

discourse. The results of these prior studies were confirmed in the 

present study but only under certain conditions, as implied in the 

statements above about interactions between the independent variables. 

The present study was related procedurally more to some than to others 

of the prior studies, but from the point of view of the general 

hypothesis identified above, it would seem to be related to all 

equally. In the Hughes and Foulke (1975) study, there was evidence 

that the processing of individual words to be identified continues for 

some time after the words have been presented, when the words are 

highly compressed. This evidence was based upon longer times taken 

to identify the words at higher values of compression. In the study 

described in Aaronson (1967) there was evidence that each of a ser ies 

of numerical digits continues to be processed after its presentation. 

This evidence was based upon greater recall of the digits after they 

had been time compressed to create additional time between them. In 

the Chodorow (1979) study, there was evidence that the processing of 

a time- compressed sentence continues after its presentation. This 

evidence was based upon greater recall of the sentence as well as 

greater recall of a list of words that followed the sentence when the 
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interval of time between the end of the sentence and the beginning 

of the list of words was longer. Finally, in the Overmann (1971) 

study, there was evidence that the processing of phrases and 

sentences in time-compressed discourse continues after their termination. 

This evidence was based upon greater comprehension of the discourse 

when the time saved through time compression was distributed at 

phrase and sentence boundaries. It will be recalled that in the 

present study there was evidence that the processing of sentences 

continues after their completion inasmuch as at the higher wpm rate, 

the mean number of correct answers was signific~ntly less with a 

0-sec pause than with a 4-sec pause between sentences , while at the 

lower wpm rate, the effect of length of pause was not significant. 

This result in t he present study is unique in that a ··rate by pause 

time interaction was found, although it seems that this is so only 

because rate and pause time had not been manipulated independently 

with the exception of the Hughes et a l . (1981) s tudy where a similar 

a lthough non-s i gnificant result occurred. It is of some interest to 

compare the present study with other studies from the point of view of 

experimental design . 

In the Hughes and Foulke (1975) study, the procedure was such 

t hat neither rate nor pause time was involved as a variable . Words 

were present ed at f i xed intervals, several seconds apart, and the 

identification of a word almost invariably would be made long before 

the end of the interval. The only sense in which rate could be said 

to be involved was that the words had been t i me compr essed in a manner 

,f'-·~ · . 
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corresponding to what would have been various wpm rates if discourse 

had been the material that was compressed. This might be described 

as a momentary rate . The only sense in which a pause was involved 

was that the dependent variable was reaction time in identifying the 

words, a "pause" on the part of the subject- -that is, the subject 

needed a longer "pause" when rate was higher. 

In Aaronson's (in Aaronson, 1967) study, rate of occurrence of 

the digits was fixed. Compression of the digits improved performance, 

the interpretation being that more time was left for processing each 

individual digit before the next one was presented. If rate is 

equated with amount of compression (momentary rate), in this 

procedure rate and "pause time" were positively and perfectly 

correlated. 

In Chodorow's (1979) study, it would have been possible to 

combine rate and pause time factorially, but this was not done. He 

used normal and twice normal wpm rates of presentation of sentences 

but used two values of pause time only at the twice normal rate. 

In Overmann's study, rate and pause time were positively and 

perfectly correlated as in Aaronson's (in Aaronson, 1967) study. 

She compared comprehension of discourse with and without added 

pause time at each of three rates, but she was unable to evaluate 

rate and pause time independently because at higher rates, pause 

times were longer. 

The finding in the present study that pictures improved 

comprehension more at a higher wpm rate than at a lower one is of 
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considerable interest. If the present finding i s confirmed in 

further research, it may have importance not only in the context 

of compressed discourse but also in other adverse listening 

conditions. It is interesting to speculate how Overmann's results 

might have been affected by the use of pictures . At two lower 

values of compression she found that the addition of pause time 

between phrases and between sentences resulted in a level of 

performance not significantly lower than that of subjects who 

listened to the original (uncompressed) version of the discourse. 

However, at a higher value of compression, performance was 

significantly lower. The results of the present study suggest 

that with pictures available to this latter group, performance 

might have been maintained at the level of that achieved by subjects 

who listened to the original version. 

The finding in the present study that adding redundant pictures 

to discourse improved comprehension more than adding contextual 

pictures was similar to that of Guttman, Levin, and Pressley (1977), 

obtained with kindergarten children and to that of Pressley, Pigott, 

and Bryant (19821 obtained with 3- and 4-year-old children. In the 

Pressley et al. (1982) study, adding contextual pictures did not 

improve comprehension, while in the Guttman et al. (1977) study, 

contextual pictures improved comprehension in t hird- grade students 

but not in kindergarten and second-grade students. It will be 

recalled tha t contextual pictures did not i mprove comprehension in 

the present study. There is not a consistent r elation in these 

r "<1' . · 
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studies, taken together, between the effect of contextual pictures 

and chronological age . It would seem that either chronological age 

is not a relevant variable or else that materials, procedures, etc . 

varied among :the studies in a way to obscure any such relationship. 

The manner in which pictures were given a contextual function 

the present study is somewhat unsatisfactory. It necessitated 

confounding the function of the pictures and the very content of the 

questions. Although the outcome of an analysis suggested that 

changing the content of the questions did not change their difficulty, 

a more direct way of giving pictures a redundant or a contextual 

function would be preferred, and this would also allow a comparison or 
the functions of 20 pictures instead of just 8. Rather than changing 

the questions, a new set of pictures could be created that were 

contextual rather than redundant with respect to the discourse. 

The finding that subjects who only saw the pictures answered a 

substantial portion of the questions makes it evident that the 

improvement of performance through the use of pictures may not be 

due at all to the pictures' making the discourse more comprehensible. 

However, it is conceivable that whereas some pictures transmitted 

the relevant information independently of the discourse, other 

pictures did function in a way to make the discourse more 

comprehensible. Also, it is conceivable that a given picture may 

have functioned in a different way for different subjects. The 

issue can be r esolved only by designing pictures that do not transmit 
. 

the information necessary for answering the questions. 
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Finally, it would seem of interest to modify the present 

procedures in such a way as to allow subjects to "ask for" pictures 

as well as for periods of pause time. It might be that the most 

efficient use of the subject's time can best be ascertained by 

allowing him such choices. For example, equipment could be arranged 

such that a subject who was listening to discourse could obtain 

brief access to a related picture by pressing a button once, or more 

extended access by pressing the button several times at short intervals . 

A procedure of this kind in studying the contribution of the audio 

and video portions of televised instruction was used successfully in 

a study by Ksobiech (1976) . 
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Table 1 

Mean Nunber of Correct Answers to the Eight Questions for 

Combinations of Values of the Four Independent Variables 

Rate 225 wpm 300 wpm 

Present!'ltion Pause Time 4 sec 0 sec 4 sec 0 sec 

Condition Question Type 

Discourse 8 Redundant 4.00 5.83 2.83 2.33 

Alone 8 Contextual 5.33 6. 67 3.33 2.50 

Discourse 8 Redundant 7.17 7.17 5.33 6.33 

and Pictures 8 Contextual 5.83 6.00 5.33 3.50 

32 
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Table 2 

Analysis of Variance for Number of Correct Answers to the Eight 

Questions 

Source of Variation SS df MS F 

Between Cells 244.41 15 16 .29 

Pause (A) o. 51 1 0.51 <1 

* Rate (B) 102.10 1 102.10 40.68 

Presentation 
* Condition (C) 71. 76 1 71. 76 28.59 

Question Type (D) 2.35 1 2.35 <1 

* AB 11. 34 1 11. 34 4.52 

AC 2.35 1 2.35 <l 

AD 4.59 1 4.59 1. 83 

* BC 10 . 01 1 10.01 3.99 

BD 1. 25 1 1. 25 (1 

* CD 25.01 1 25 .01 9.96 

ABC 4 . 59 1 4.59 1. 83 

ABD 3.02 1 3.02 1. 20 

ACD 0.51 1 0.51 ( 1 

BCD 1. 26 1 1.26 (1 

ABCD 3.76 1 3.76 1. so 

Within Cells 200.50 80 2.51 

Total 441. 91 95 

* Statistically Significant 
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Table 3 

Mean Number of Correct Answers to the Eight Questions for 

Combinations of Values of Rate and Length of Pause 

Table 4 

Pause Time 

Rate 

225 wpm 

300 wpm 

4 sec 

5.58 

4.21 

0 sec 

6.42 

3.67 

Mean Number of Correct Answers to the Eight Questions for 

Combinations of Values of Presentation Condition and Rate 

Rate 225 wpm 300 wpm 

Presentation 
Condition 

Discourse Alone 5.46 2.75 

Discourse and 6.54 5.13 
Pictures 

Table 5 

Mean Number of Correct Answers to the Eight Questions for 

34 

Combinations of Values of Presentation Condition and Question Type 

Question Type 

Presentation 
Condition 

Discourse Alone 

Discourse and 
Pictures 

8 Redundant 

3.75 

6.50 

8 Contextual 

4.46 

5.17 
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Theoretical Bases for Research in Media 

A persistent problem facing teachers and researchers alike is finding 

the answer to the question: What point of view should I assume and what 

evidence shou ld I use to determine the effects of media upon learners and 

the ways that learners utilize media to perceive and process informati on? 

After many years . of research in media this same question is still being 

asked and is still largely unanswered, at least to the degree that there 

are absolutes to guide educators in making decisions. Yet, looking at this 

situation from an historical perspective, developments over the past ten to 

fifteen years give promise of more definitive directions. 

My intentions in this presentation are three-fold. One is to make a 

few observations about the major paradigms and assumptions that have shaped 

research in the past . A second is to encapsulate the activities, thinking, 

paradigms of the present. A third is to report on the results of asking 

100 theoreticians and researchers to respond to 50 hypothetical statements 

about media in the learning process as a way to sample current points of 

view. 

It i s probably fair to say that most studies of media applications to 

instruction in the first five or six decades of this century were built 

upon limiting theoretical positions. That is, the effects of media upon 

learners were analyzed primarily as stimulus presentations which were to 

have a direct influence upon subsequent behavior. Learners were assumed to 

be reactive and under stimulus control. For example, in 1963, Finn, in his 
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definition of the field as "instructional technology," suggested that i 

was 11
• a branch of educ at i ona 1 theory 

design and use of messages which control the learning process." 

were others who had a different view. Several years earlier than Fi nn 
' 

Carpent~r (1957) contended that 11 teach ing materials are effect· ve 

depending on the degrees of their personal relevance to learr.iers 

.• The organism or individual interposes its entire relevant life 

history between the stimulus material and his or her response." 

lar vein, Hartman (1963) in a review of learning theory, emphasized 11 
•• • 

facilitation or interference with learning that arises 

organization the respondent imposes upon the message." 

While there were others thinking as Carpenter and Hartman, most media 

studies were characterized in the familiar "gross comparisons" format. 

Such research seemed a natural reaction to the expanding availability of 

media through federal funding and the eagerness of producers to push for 

adoption. It seemed that there was more of a need to prove the ut i 1 i ty of 

media for the improvement of education than there was a need to analyze the 

peculiar characteristics of media themselves. Much research studied learn

ing with media rather than studying about media effects upon learning. Al l 

of us are familiar with the oft-repeated phrase "no significant differ-

ences 11 that has characterized such research. Subsequent analyses have 

criticized the assumption that global forms of media, such as television or 

films, could be regarded as unambiguous entities that somehow could be 
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described and controlled to determine a cause and effect relationsh i p with 

any precis ion. Additional criticism focused on the theoretical assumption 

that regarded learner responses as being directly influenced by the sti mu

lus input, with little regard for either the cont ributions to outcomes of 

learner idiosyncracies or the peculiar characterist ics of the media them

selves . 

More recent analyses of viable ways to conduct r esearch and to define 

the nature of fundamenta l research questions have focused on the confound

ing effects of uncontrolled variables. Clark (1983) for exampl e, has 

suggested that much of med i a research--that is, that which has been 

reported as media research--has actually been a· study of variable method

ologies and settings in the uses of media. I would tend to agree, but with 

a recognition that there have been exceptions. One that comes t o mind is 

the film studies done under Carpenter's directions in the Inst ruc tiona l 

Film Program at Penn State back in the 40s and 50s. In some of those 

studies there were deliberate analyses of variables within films themselves 

as t hese affected the performance of subjects. On the other hand, subjects 

were not quest ioned to determine which variables were preferred; neither 

were learner repertoires explored to determine what affected their inter

pretation of st imulus elements. 

Added to the problem of determini ng defensible theoretical paradigms 

for research in media are assumptions about t he conditions necessary in a 

538 



Theoretical Bases for Research 

4 

research setting to derive gener_alizations from methods and statistical that 

analyses. I refer to the controversy between the assumptions and argumer:its sive 

of those who take a reductionist view of research and those who advocate 

naturalistic inquiry as a more realistic approach to what life is outside 

the laboratory setting (Magoon, 1977; Guba, 1981). I do not intend to 

discuss the intricacies of each point of view, but rather to suggest th~ 

our initial orientations to what needs to be investigated and under what 

conditions quite logically affects our theoretical orientations. For 

example, our attempts to control all conditions, either by statistical 

about 

when 

purpc 

curn 

manipulations or tight controls of the situation and subjects, are based on numb' 

assumptions that such controls are possible in the first place and that Defe 

validity and generalizability are possible outcomes, thus explainin~ but 

plausible defensible cause and effect relationships. An assumption is also in 1 

made that reactions of learners as groups are indicative of the true perc 

picture about individuals i n that group. The opposite view by those who prog 

advocate naturalistic inquiry is that the assumptions of the reductionists for 
-

are untenable, given the reality of the interaction of social, contextual, crit 

and personal factors that affect learner response. Each approach to 

inquiry assumes its own conceptualization of the nature of learners and 

becomes the starting point for judging . what should be observed. On the 

other hand, both methods study the effects of variable media character

istics for determini ng opt imum learning and cond ition s . But the extent to 

which each method takes into account relevant factors becomes an argument 
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that inevitably leads to judging whether all things needed for a comprehen

sive answer were included in the research activity. 

Most of us are probably familiar with the conditions that have brought 

about changes in our views about media/learning relationship since the days 

when media were considered as control mechanisms for learner behavior. For 

purposes of continuity, let me recall briefly some significant forebears of 

current rationales in our field. 

Support for a refined look at media/learning relationships came from a 

number of quarters . Government sponsored research through the Nati ona 1 

Defense Education Act supported the traditional gross comparative studies, 

but also fostered investigations into the programming of instruction, which 

in turn had an important influence on the questioning of how learners 

perceived and processed information. While there was an emphasis in 

programmed instruction research that compared 1 i near or branch i ng methods 

for presenting information, there was also, through the so-called 90-90 

criterion for the validation of programmed material,~ttention paid to the 

reactions of individual learners to information displays. 

A more recent movement, Trait-Treatment-Interaction (ATI), is based on 

the premise that having knowledge of the interactive effects of learner 

aptitudes with instructional treatments would make it poss ible to pred i ct 

the proper types of methods and materials to insure desired learner 

responses. But ATI has been criticized for basing measurement on a 
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"moment-in-time" in the life of a learner as a defensible basis for 

di ct i ng future performance. The continuing problem not 

than 

sh if 

for all types of research methodologies and theoretical orientations, is medi 

that learners are dynamic individuals changing constantly as more infor- ship 

mation is processed each passing day. What continues to cause idiosyn- char 

cratic responses of learners is still quite elusive. 

Clearly, the major focus today is upon the processes by which a learner 

perceives the environment, processes and stores information, and retriev~ 

it for use in communication. This emphasis has come about because of the 

recognition that learners are indeed idiosyncratic, that each learner is a 

product of many experiences which compose a life; and that messages appear 

only to be meaningful as each person gives them meaning. Relevant to this 

grec 

cod· 

tio1 

tecl 

dev 

refined look at media/learner relationships, Glaser (1976), almost a decade las 

ago proposed that there were four components of a psychology of instruc- {19 

ti on: the analysis of competent behavior, the description of initial par 

states, the acquisition of competence, and the assessment of instructional ha1; 

implementation. While all are relevant in their own way for determining anc 

theoretical bases for media use, the last one--i nstructional implementatio~ 

-- is of direct interest. 
th1 

There are current theses about media which .say that media, in fact, do in-

not make any difference in learning--at least as measured by typi cal s~ 

research paradigms that tend to manipulate the situational variables more of 
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than the intrinsic attributes of the media themselves. But there is a 

shift occurring. This shift is moving from the more incidental role of 

media in instruction to a greater emphas i s upon the interacting relation

ships among the content and symbol systems of med i a with specific learner 

characteristics. A case in point is the hypothesis of Salomon that the 

greater the simi 1 arity between the coding systems in the message and the 

coding system in the repertoire of the 1 earner, the more 1 i ke l y 1 earning 

will occur. Such a shift is also seen in Olson's (1972) theory of instruc

tional means, derived in part from Bruner and McLuhan which says that 

technologies and techniques used with learners are accompanied by the 

development in learners of relevant cognitive skills. 

What, then, are the most prominent theories that have evolved in the 

last decade? For current opinions , I am indebted to Clark and Salomon 

(1984) for a chance to read the final draft of a manuscript they have pre

pared for the Thi rd Handbook of Research Q!:)_ Teaching. Those of you who 

have studied the 1974 National Society of the Study of Education on Media 

and Symbols will find some of these theories famil i ar. 

The first has to do with the nature of symbol systems, the avenues 

through which all of us must perceive our environments and gain our 

information. It offers a theoretical foundation for .differentiati ng among 

symbol systems and may provide a systematic way for defi ning those aspects 

of symbols that may be not only pertinent to certain types of information, 
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but also that may serve as devices by which learners may process infor 

ti on. I am referring to Goodman's Symbol System Theory, discuss~d by 

Gardner and others (1974). 

A symbo 1 is defined as anything that can be used in a referential way 

and that can be organized into systems . Goodman divides symbols 

large categories of being either notational or non-notational. 

tional, he means that a symbol must meet the criteria of being 

such as the concept "one is always one"; it must be 

disjointed--that is, no two characters can have a common referent-- and it 

must have a finite differentiation. For example, the signs for the bass ~ 

treble clef in musical notation are finite differentiations and remain ~. 

assuming no other meaning. Non-notationality, on the other 

symbols that are dense, replete with information, and subject to a variety 

of interpretations. A picture may be classified as non-notational bee~~ 

it may be interpreted in a variety of ways. There can, however, be symbols 

within the picture that can be finite in their meaning and designation, ud 

hence notational. While this presentation is not the place for a detaile 

discussion of Goodman's model, there is an additional model worth mention· 

ing which complements Goodman's work. It is also discussed in the~ 

Yearbook. It is Grass's identification of various information modes that 

contain symbol systems peculiar to given sets or types of i nformation . The 

modes, which he calls · primary, are lingu i stic, socio-gestural, iconic, 

logico-mathematical, and musical . Each of these categor ies provides a 
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system for differentiating the specificity of certa in symbols. Of interest 

to us is that these may provide a systematic basis for answering questions 

about the types of symbols required by learners to acquire and process 

certain kinds of information . They may also be useful for determining 

whether learners utilize these symbols as tools in their own cognitive 

processing. 

Gross has also formulated two other general symbol classifications 

which utilize primary modes in id iosyncratic ways. One is the derived 

mode, such as poetry, dance, and f il m. The other is the technical mode, 

suggesting the peculiar language of the sciences, eng ineering, tech 

nologies, and architecture. 

A second prominent theoretical formulation of current use is that of 

Olson (1972, 1974), referred to earlier. Calling his theory one of 

instructional means, Olson suggests two aspects of media that affect 

learning . One is that the content of a medium relates to the knowledge 

acquired. That is, the content may ass i st in the acquisition of rules and 

principles that are invariant features across different activities, a kind 

of transfer of knowledge generated by the medium. The other aspect relates 

to the acquisition of skills that are required to utilize the information 

presented in the medium. The coding system and means of presenting the 

information may become tools for utiliz ing simi l ar coding systems or means. 

Olson also suggests that there is a significant difference between an 
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"utterance" and "text" which have direct implications for our understandi!PJ 

of the functions of media. Olson characterized an utterance as oral lan. 

guage that is flexible, unspecified, with a low degree of conventionaliza-

zo 

ce 

ag 

tion, and that is negotiable in a social setting . Written l anguage, on the ot -

other hand, demands precision and explictness of meaning. It serves to of 

maintain philosophical, scientific, analytic knowledge . Thus, as learners i~ 

are schooled in written language, they develop the skill and habituation ta 

textual material, or a literacy bias, as Olson describes it. Thus, it may 

be that long training and practice in text materials may inhibit learning 

from other than text. This may be a partial explanation for the finding of 

Guba when he observed the visual attention of subjects who watched science 

demonstrations on television . At times their eyes went out of focus and 

they tended to watch the mouth of the demonstrator more often than the 

details of the demonstration . It may be that we perpetuate dependence upon 

text by utili zing it continuously in our testing procedures and thus con-

dition learners not to observe other forms of information . 

The third theoretical model is Salomon ' s Media Attribute Theory (1979, 

1981), which he has developed over a number of years. The theory says, in 

effect, that both media and the human mind employ symbol systems for 

acquiring, storing, and manipulating information. Also, he contends that 

some of the tools of cognition are the consequence of employing symbols 

that were inherent in med i a . In essence, he has suggested a supplantation 

theory which says that it is possible for technological devices, such as a 
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zoom lens, to provide an observable analogy to the mental process of pro

ceeding from a generalization to a particular and back to a generalization 

again. The use of a zoom 1 ens to assist fie 1 d-dependent students to 

observe details in a picture is offered by Salomon as tentative evidence 

of this phenomenon. Clark (1983) on the other hand, contended that zooming 

is not a media attribute, but a method for enlarging and focusing. 

In addition to these three theories, there is also the current question 

that cuts across all of them. It is the controversy about whether humans 

process information through images or propositions . Those who support the 

imaging hypothesis contend that a mental image is analogous to the percep

tion of the actual object. In the opposite camp, those who deny the possi

bility of imaging contend that there is no direct connection between what 

one observes and the final knowledge acquired, because all stimulus 

situations are affected by beliefs, goals, previous knowledge, experience, 

and emotional states. Final knowledge is governed by rationality--that is, 

all stimuli are acted upon by the learner's repertoire of the moment. 

Also related to these three theoretical positions is the quest ion 

whether media attributes or codes are in fact unique in conveying infor

mation. Since learners acquire knowledge through many different forms of 

media, there must be something operating beyond the hoped-for uniqueness of 

specific media. Researchers apparently must look to the cognitive pro

cesses learners use to manipulate information, or search for fac t ors that 

may have nothing to do with media directly. 
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There is some evidence supporting the notion that factors other than 

media have more influence on learner responses to media that the element or 

coding systems within media themselves. Clark and Salomon (1984) suggest 

that one relates to the effects of learner anticipation of media in terms 

of efforts that must be invested in their use. It appears that where media 

are perceived as critical to future performance, learners will expend more 

effort. 

expended. 

Where media are perceived as entertainment, less effort is 

Twenty years ago Greenhill (1967) pondered .why television 

1ear 

sys1 

ca 1 

thn 

com1 

via 

res 

instruction did not often prove superior when compared with traditional sti 

university instruction. He hypothesized that good television instruction det 

required less expenditure of effort by students; - therefore, they put more upc 

time into traditional courses which were less well presented. Thus, tele- no1 

vis i on instruction was not given a fair test, leading to the 11 no signifi- bu1 

cant difference" conc l usion. sy! 

Cl ark ( 1983) reviewed a number of studies having to do with student 

effort. Among his findings was the phenomenon of high-ability students 

choosing structured methods and media because they perceived that they 

would have to expend 1 ess effort. Lower-ability students, on the other 

hand, chose less-structured media and more discovery-oriented methods 

because they wished to avoid the failure that may have come from being 

unable to fulfill the requirements of the structured and directed situa

tion. In a recent letter to me, Clark (11/15/83) has th i s to say: "I have 

arrived at a very reluctant conclusion that media do not contribute much to 
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learning •.. and only minimally to decoding. I do think that the symbol 

system approach has promise for instructional design but not much theoreti

cal importance .... 11 He thinks that media contribute only "indirectly 

through variations in persistence which are contributed by our subjective 

compressions of how much effort is required to learn from various media." 

Where, then, are we in our search for theoretical fou ndations that have 

viability? I would encapsulize directions in the theoretical bases of our 

research from one of regarding the 1 earner as being reactive and under 

stimulus control, to one in which the learner is much more a participant in 

determining what effects media have upon the transmission of information, 

upon learner perceptions, and upon cognitive processes themselves. It is 

not only a matter of how learners perceive the messages conveyed via media, 

but also one of discovering whether and how learners utilize the coding 

systems of media as tools for manipulating information. In essence , the 

attempt to prove media utility is a dead issue, as is the at tempt to depend 

up on gross comparative studies as sources for definitive answers about 

media characteristics and their influences upon the specifics of learner 

behavior. Some fruitful questions to ask may be : 

Do the coding systems of media actua lly serve as tools for various 

aspects of cognition, or do they not? 

Do skills required for utili zing content and methodologies associated 

with media become skills in cognition? 
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What methods might we generate to make efficient and effective Al 

collaboration with learners in discovering the uniqueness of media? 

Can the inherent qualities of media and related technological devices 

act to supplant and/or complement given mental activities? 

Are the concepts of notationality and non-notationality viable para

digms for determining the specific functions of media coding systems? 

What methodologies best complement the uses of media? 

Are there unique qualities of given media that fit particular learning 

needs, or is it only a case of differing methodologies that make the 

differences in learner responses to media? 

In the final analysi s , are learner attitudes and efforts in using media 

as contended by Clark the only evidence we can depend on to account for 

med ia effects? 

were 1 
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Turn i ng f i nally to the questionnaire, it was devised by four graduate your 

students and myself as a way of sampling the opinions of theoreticians and 

researchers in media. The attempt was to select fifty statements that Stat 

seemed to appear i n current literature and did not pretend to be exhaustive 

or foolproof. While the questionnaire was titled, "Theories About Media 

and Learning," some respondents suggested--and perhaps ri ghtly- - that the 

statements were really hypotheses. The argument is somewhat semantic and 

dependent upon the definitional line between a hypothesis and a theory. 

549 

3. 



r'Ch in Media 

14 

d effective 

f media? 

ical devices 

vi ab 1 e para-

g systems? 

1 ar 1 earning 

hat make the 

1 using media 

) account for 

·our graduate 

r'eticians and 

1tements that 

be exhaustive 

, About Media 

:ly--that the 

semantic and 

a theory. 

Theoretical Bases for Research in Media 

15 

All but nine of the hundred persons who were sent the questionnaire 

were on the membership list of RTD. Forty-two returns were received in 

time for inclusion in calculations . Since the questionnaires were anony-

mous responses, there is no way of knowing who were involved, with the rare 

exception of a signature or two accompanying a comment. 

Frequency data were determined for each of the seven categories in the 

"Valid to Not Valid" scale and for the choices of whether a particular 

statement was important or not important for research in our field. Means 

and standard deviations were calculated, as well as a correlation coeffi-

cient for the relationship between the not important category and each 

statement frequency data. The handouts provide a compilation of the data 

that you may match with a copy of the questionnaire. 

Looking first at the statements that respondents regarded as not valid, 

thirteen had large enough frequency to quality. My intention is not to 

engage in a lengthy discussion of these statements , but simply to raise 

your consciousness of what 42 colleagues think . 

Statements Judged Not Valid 

3. Developing "literacy" in the interpretation of non-verbal information 

by learners is more a matter of being exposed to a wide variety of non 

verbal experiences than it is a matter of being taught to observe 

nuances in non-verbal materials. 

r.:c. ··o ~~ 
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7. Media are capable of insuring anticipated learning outcomes. 

9. Media attributes affect .learners in the same way . 

11. Structuring media experiences insures common learning of informat ion. 

16. Random behavior in human performance is due to the way people interpret 

media. 

20. Multiple image instruction contributes to greater learning and reten

tion than single image instruction. 

25 . Each message has a best message form and carrier. 

State -
A 

were 

of tr 

2. 1 

4. 

27. The technical quality of the conveyance system does not affect the 5. 

fidelity of the original message. 

31. There is no competition when similar information is presented in two 6. 

media. 

36. The less the information in a medium is like the "reality" it repre- 12. 

sents, the l ess the student will learn about reality." 

42. Verbal memory and pictorial memory are independent of each other. 14. 

44. Recall of pictorial information requ ires verbal processing for 

retrieval. 15. 

48. Information overload is essential to impress or exhilerate the learner. 
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Statements Judged Valid 

At the opposite end of _the scale, there were fourteen statements that 

were regarded by the respondents as valid and important for research. Each 

of these had significant correlation coefficients. 

2. The greater the match between learner experience and media attributes, 

the greater the likelihood of learner acceptance of media content . 

4. Overt/covert responses of learners to "media" experiences are more 

likely to result in greater memory storage than covert/passive 

responses. 

5. The more a symbo 1 system matches the crit i ca 1 features of an idea or 

event, the more appropriate it is. 

6 . Fitness of a message form depends upon the characteristics of the 

information. 

12. Negative teacher attitude toward a media presentation creates negative 

student attitudes. 

14. Presenting various forms of media provides the greatest compatibility 

with the nature of idiosyncratic brains . 

15. It is critical for effective media usage to know the range of coding 

elements available in each learner's repertoire . 

,, 
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17. Sequential build-up of illustrations leads to better understanding . 

19. Excessive detail interferes with transmission of intended information. 

21. The advantage of visual over auditory materials increases for more 

difficult materials. 

24. The more s i mi 1 ar the coding schemes in the teacher 1 s and student 1 s 

repertoires the greater the possibility for learning to take place. 

26. Messages, message forms, and conveyance systems interact to convey the 

intended message. 

29. Cu l tural differences affect learner interpretations of media. 

34. Learners have difficulty discriminating between subjectivity and objec-

tivity in their interpretation of messages. 

It is evident from the questionnaire that the largest number of state

ments refer to media as instruments that affect learner performance . Only 

one in the not-valid category, number 16, may be consonant with Clark's 

views that there are factors, other than media characteristics, that affect 

l earner responses. Most of the statements that were regarded as valid and 

important for research followed the research paradigm which is looking for 

a match between the coding, critical elements in media, and the repertoire 

of the l earner. 
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for observing detail. 
-

The perception and storage of 
ormation is a dual coding process 
ges and symbols) • 

-'-'-'-'-'-'
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Please use the space below to add any t heories which you think might have 
_ l_ tn overlooked in this brief survey. 
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I NT RO DUCT ION 

fechnoloqical advance~ an~ na~ devic~s have teen iL

trod.uceJ. to tLJe '<IO.rld coruillunity ut an eve.r increa~inq .rate 

Bince th~ tu.ro cf the ceuLury. In o.rae.r to pcopeciv under

stdnd bllU cpe.rdte the~e ua~ tecatlolcqies, per3onneL traininq 

•~as 'b1:;c01ae incr:eusinqly i.uporta.nt. within tni5 dcmai~ a 

systematic dpproach or monito~iuq the eitectiveness of in

structional traininq tias been Jev~lo~ed te.rwad formative 

eva.luution • 

.Lesli~ .:iriqq::; ( 1 ~74) rlefiueci r.crnati.ve evaluation a.s 

"tryout::; aua .rt;;visicu.s er co.i1pouents of an instructiond.i. 

::iVSLom ~efor ~ operational us8. It ir.clude::i tryouts of mate-

Li al s w it 11 i.!1 div id u a..i. l ea.rue.rs au d s n a 11 qr o u p s , a s we l l a !:: 

with .:nti.re cldsses .H i the scuool si tt:atiou" (B:i:iqqs, 1974, 

µ.288). 

Th~ application or for:wdtiv<: ~valuation i:roceclur:es llas 

qain~d iLcr: 2asinq suppo.rt in the eaucaticnai community, 

~rov0Kin 4 dn cbserval.l.Le trenu tu:.iard the us8 of tnis tech

••ique, reflected in e vent:.; such d:::>: 

1. Th ..: incorpor:a.ticu oi forruati\e evaluation as a wain 

s tep in dlao~t all mo~el5 used ior t.he systematic desiqL of 

instructio11 (aranson, Raynor, Cue , TU.IIIall, Klnq, and Huni;.uu;, 

1:i75; uri-I<.P, 1F /O: .driqqs and Guqne, 1574; Dick dnd cai:ev, 

1';170 ) • 

.. 



:L. '.ih-.: abuudance ci articl€:s a n d books µcoposinq d.tf-

teriu~ ~etuod~ tor formatively evaluatiLQ instructional 

,Jate:Li:.il:.5 (Abedor, H7:G; JcJ.k...:::J.:", 1974; f:orich, 1974; ilril!q::; 

1~74; Dick arid Cil.rey, 1~78; Kauf.illan and Tho md.:; • 
1980; Sd.nacrs aud Cuni1inqHam, 1970~ Sinqe.i: a.nu Dick, 197~). 

3. Inccea.siuq iut er:-=s-r. in rt:portinq t!Valuatiou stud

ies,' th<:!ir str.1teqies cind t:e!:;Ults (Abt::dor, 1':172; Eaker, 

1974; .3ciu.K u.r.u ~in.k, 1976; Dick, 1968; Law.;;;on, 1974; Liq 11t 

anu Hc=ynolds, 1972; Lindvall and Ccx, b70; r!a.rklu, 1Yo7). 

Importaut aaLlV researchers in tte bistorv of ed

uco.tivna..1. tf:cimcloqy, .such as Da.1e, l\indcr, Hooan, Luzar

.r:."~ld, 1uwsoair1e and cu.rr;2nter 11 uuaniwcus.l.v supported tlle 

vaiue of Jnd neeu for evciluatlon durinq ~roauctio~ of in

struction al material.5 11 (Cawbre, 1978, i::. 2). 

l n a .-:: tu d v c..; on d !.le t ~ d in 1 ::17 4, u u t u .t " 3 0 C , 0 u 0 com ru tr -

cial in~tru~tion~l materia~s avdilablE at thJt ti~e. ouly 

dDout. 3,000, u.L ouc µ-.=rcent, • d.amonstrated une or more of 

-.:.iiE: al::ti:-ibutes ot empiJ.:icallv uevelo~Ed aLd improved ma.te-

.r:. id l f 11 ( (. C IL 0 Ski , 19 7 4 1 != • J 5 7) • 

l n Poµhaw•s view (1':170), t.tu:: re::;edrch I:'elatea to cur-

1u~icat8~, naitL81:' improvement of natErials naseu on ew

piricJl ~dta, nee tn~ ffidn~er in ~nicn r e visions could bti 

.. 1 ad e u dVC c..~en cl early Jemonst. rd te d • . 

He 

;~ 

i.. 

( 

I.I 

l 

t. 

r: 

t 
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Deside.:.;; li 1aited erupiri.cd.l t:::videnc~ :::ui;pu.i::tinq formative 

evaluation mouel.:> - or.ht:::r: pi:obl~llis exist tho.t act o..s a con

strair.t tc it~ usaq~. 

1. In8r~ is a .L.ack of acc .-:? Pt~d. ciEfiniticu.s t.OaKe.r .ind 

Alk.in, 1J73: Sa11d3rs .JHd cunuinquan:, 157C). 

2 • uuJ:i11q the iustructioual U(::siq.u proce~s, r:o.rrua.tive 

.:::val1udtion is at-r.l::lilPted i.;~illlarilv 9:..t ... t~]; the prototype has 

De 011 a eve lo peu. 'lher:e is .:;x ten~i V'-': a Lal y.sis: J:iow ev~r, there 

i.1I:..; usually no cneck:.> £or valiJir.y, .reliatilj_ty, or ;:;uit

ubilitY vt t i1e product. 

J. •..J,,;p11art (1 :l7o) in:iicatc:u that a .ithouq.i:1 variou.::> 

Ui O UE:l~ i::iU.;:;t, Olle .::itii: ~ i11Vilria.Dl. y !:;t:;t;:DlS t:O .Uc ta is::;inq. '1:hi;:> 

~efcr~ r.0 whdt to ~o wir.h the data arter it ~as been 

coll.;:cte:u. 

4. :1cst o:r t:he ioru:a-r.ive evaluation Ulou~ls cur:r2ntly 

util~zea bave n ot bEen .,:mpi.r.icallv te.=h;d {Martelli, 1~7':J). 

fht µrool.e1.1 u.r fo.r1uati.ve evaluation 11cdels which d:re lacki.r:~ 

e iilpi1ical ::;upi:;ort na~ been discu;:;sed by Smith ana i'.'lur:rav 

(1975), w1uo i.udicate1.1 t .hclt: 11 tn e r10 i::: little or .no inf or w a-

t.ion li~o~t the .relative efiiciencv c£ alternative eval ua ticn 

techniqu.,;s auu, t.h.:::rc:tur~ , theL'e is a UEE:J fur evaluatiun 

1·es1.; ar:ch on th..:. mc.;ual;.; tht:111selv.:s 11 (p. 5). 

ti r2cent. art.icl3 ov Dav id l"cr:ifa.r stdteu that 0ir. the 

r:ielJ or: truii1in4, ev .. iludtion i::; rar:-:ly ccnuucted 11 {Ave:i:sa 

and fcraia1., 19 7<l, p. 16-lu). de cu..so stated tha-r. th eI:'c were 

thr:Ee rc:o.sons for t .ni.:> .Jtdtt::: o.i: Ct.ifair:.s: 
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4 

. 1. Unlike t:u.ucdt.ion, a qr:E at deal o.r r.raiuinq 
cccurs i11 tht: p.rivatd, as oi;posed to t i1e public sector. 
Sine ·.; the qovErnme1it and public 1our:dat.io11s are not 
~uµpor:tiliq "t l ieS\::: tr:ui.ui41q pJ.:ol..jra ms, they cau 1;ut n.an1.1a t1;; 
GVa.L.Udt.iun::;, 

2. Tuer~ is a ~&ner:aL fee~in~ thut. aducatioLai 
mei::.hous clre 11ot. ofte;n well-suited t:o the .ceal, \::!Y1::rv-

ddy, outcoille-oi:ientEd worlcl o:t l:u!.:i.ness. These People 
t.enu tu uistruGt etiuccltional filethoas and techniques 
borr:owe~ without adaµtion dDd revision: tnev wa~t 
tr:aini11q evaluatio.1 to J.ev.;:..Lop a cha.cact.~r ut it..5 own, 

3. Ihe fie ld of tr:aiuir!q is in a state of tremen-
dous ~rowth antl d1::velopment. ·rh E l.lEmand for t.r.iini11q 
.i::> q.rt=iit, u.11tl trd.in1::r:~ u.r:E: thinkinq uwr.a a.bout tleve.l.op
inq "t.h8i.i.: lH:.x t PLO i ect cts o µpo;:;.: d t c e Vd l ua tinq a nci 
i iii pi: c vi n c; th E: i r µ c e s-a n t 011~ • 

'Iht:i.:€ wa.;:; u 14e~<l ~er the d<::ve.lOJ:liE:ut ur a fo1:wativc 

1::valui.i.tion pai:adi4ru ql1::aneu fr:oill tb e liicrature whicn !Jould 

be <.q;plicilble to the <:! Liucationu.l, ct~ H :l.J.. a s the indu.stri1l 

..:;c::tti ... q, ana -wculu pr:uvid~ iriforma.ticn fo r the ac.ivancewent 

::>L know.L.edQc about tne inst..L"uctioi.al i:rccess. 

th~ purpo~e of tni~ stutlv1 th~r:~for:e, was to: 

1. ..La v G~tiqtltG t.hE Li. J..·pr:o·priate e valuc ticr llter<J.ture aud 

u<::vt::lop u. ro:cwdtl.Ve ~va luaticn .uoa e l. Iu v~stiqat e tile 

.toriudtiv t: CVdJ..uo.ticn ~r:cc t:H.l ui:<::~ utilirna by Advanced 

P.I:"OCt.::UUl:1.;;.S e J. Ccmpd. r e dBU COl;tI:cl::it the tlllo r e sultant woU.-

1c:l...:; ru:: cc11ruona.l.i.tie.s dDll J.iffe:1:.:: ac <:: E. 
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une ~eans u( inve::;t.i4~tin4 this s:articular is~ue ot 

t11t::!ory V ·: r.~u.s practict:: was to tocu~ us:cn ou ·:=. ~uccess..tul 

~ro~uc~~ ot ~raininq ~atErials !Advanced svscems. Inc.). in 

dn et.tort to uiscover hoill (;l.oselv the .fci:mative evaluation 

teclrniqut::.::; d.Ct rt: la tcu tc ac tu.il sta1.da.rd::; p:reset bv the 

t~dihin~ corporation. 1brou4h d~taile6 aralvsis cf actual 

proceuu.;.:e.:::; in a J1aior prouuctio11 1.2ntitv, Eome insiqi1t into 

th<= <.1Uestic11 of .i:ormativ0 i:::Valudtior. s:.rocedur.:!S wa.:;; qleu.ned. 

.in oruer: t.O Curap.letc t.his t.a~k, the t:esearcher dil!:ifierEd 

Lour spec itic qu~~tious: 

1. 1YiH1t is the cu.u.:~nt state of for.11ati ve eval.uatiou 

th~orv d~ develcpeu in ~ast anu µreseht prufessioual 

li t~r dtU.i.' 8 ? 

2. What i::; th;; p.coc<':!a.ure ot ioLrua.t.i v..:. evalu..i.tion uti-

li.z:eu tv .Acvu.nc du sv~te1ts, II1c •• anu i.hat are thci i.:esU.J.l:!::i cf 

r.hi s µroc-:Ju.ci::? 

3. Wbdt is the i:ela.tionsilip bt:c:llecu existirl4 ior:mative 

e Vd.l.Utlt ion tl, t:c.:; ry and fcr..ia tiv~ e va.Luatiou oI truinin4 mate-

L'ials cHHi proci.i:aas a~ rEflected in thE ccmpar-ison 0£ (1) ar;d 

(2) ? 

it. :~hut conclu..:;ions can !Jc H:acb;;!d as a. r es ult 0£ this 
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lu or:dGr: to con1p.iet1:: the PI:"€Cea .ir.q tasks, u. case ..:>tudv 

..J.µµ~:0ach 1oid.:J utili28J, cc.11bL1ed. ;,,irn d<• E::Xteur;iv8 r.:::v1~• ot 

T..h~ .1.l. "t.e.r- atur:.;. 1 he r e .s e d .r c n 1o1 J. s di v 1 d E d int c t w c d h ; t l. nc t 

phases. Th~ iir::;t phase involved a literature review or 

curr:rnt r:oLm.:itive .:valuation proceuu.rE:~ and t heory. An 

att.:'mpt WdS iliaue to illt:llt.ir. y uoted au tr.oritit::s throuqa in-

dice::;, COillPUte~ Jata oasEs, ~ivlicqr~ih~c data, and pr:i~arv 

a.s -.well a.s seco1idarv ::;o urcEs i:elati::<.i to toe Pl:Oblew. After 

.suf.ricit:nt uata was 4atne.r-::.d usiLq t hi::s -= tool..s, d :toruk1.t1ve 

ot the c.lr:t Jeriv-cd irom th<:: literaturE. Thiti model se rved 

a.s a .JJd.Sis or C.:Oiapa.ri!::OL for tile pi:ocEdures and r1::sult.:int 

woudi utili~ed uv Advancea svst~ws, lnc. Thi!j was accow-

µlisn\Su tbrouq ~1 a uesc rii:;t.icn or thG ~'t.titews in u.st::: today. 

followinq this u~.::;cript1on. ti1e two au.r cache~ were awlvzed 

...:0r ~.i..mi.iiir:l.ties and/or dii£e:rences. 'll:E final enJ. prouuct 

of this purticulur phase Wds a moueL taseu un exilitinq 

tneory, suitatle tor compariso~ with i [C6el J erive~ from 

proc-:.Jure~ Used by Auvaziced Sy..::t~ms, Inc. 

'.l:ht: secund pha.s"' oi tne rc::.;l::!arch Coi1.sist<::d oi Qdtherinq 

Udt.a t.hrouqh otservat.ion or t:Valuaticr ~rcced ure and throuqn 

t=Atc11sivt:: Vibitat.ioo J.o<l an in-nou.se !::UJ.:vey of ASI e mplovees 

invulv~u in tba product Jev2lopmt:::nt process. Iuitiallv, anv 

µriute<l 1..dte:i:-i.il r:el1::vant to pruduct ceveloµwent and. part.ic-
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ulai.:ly £0.::ma.tivt.: evaluation was .::.;earcleoJ cut and a.na1vzed. 

An in-nou:=<:: survey 11a ::; distribut<::d to .Lurther veJ:ify thi::se 

proceuuri:;.::> aad to uscc:rtaiu emµloyee attitucies in roqaru tc 

the prc.iuc t 1..1t:velopllle nt r:;i:oce::;::;. 

Bag.)s,gJ;:Q..Y,!H~ 

• until 1968, I ntdrllational i:>usiuc.£~ ~achine;:> !.IB.-1) Wal:> 

t he domihdilt force in the ~raini nq cf em~lovees in the uti

J.ization ct computer tecnnoloqy, simp.ly .bt:cause tnev Pl:-o-

vi~ed fr~e trdininq wi~~ the pu~cha~e of a computer. 

~iwe latar, corporatio n s ~dre L ~ quir e~ tc pay fo~ trainiuq, 

anj at tnis iuucture, thr ee inuividuals lei~ IBM to fo~m 

their vr1n cori:;0Iatic11 tc p.rovidt: ti:aininq iu ddta 

µrocu~sinq. 

7 

'i'h'2 .i.nitial m.:tno d o i i nst.i::uctio1. was ..>t i.Hi d- up lecture. 

'i ' he thi:-ct.=o iud iviuuu.l;;; w1::::re i1.tnqu~u tv video, anu soon 

oeqar. to vidEctap~ th.:ir: in.str:\lc ti on und si:l.l tht::ir 

viJ eo tu.µe::; • 

. l n 1970, the co~µoratior. ~u.!::i IldWEu AdVdaccd Systellls, 

incorporat~a, which then p rcvid~d t r: aiLiLq by videotdpin q 

st;,rn u-up l.:ctures with tne supµo~t cf IBM trdininq ma1iuals • 

.i:"roE: b70-1.::173, Atlvdnced SystGl!l.S, I11c., dc:velope<i an aµ

µi.:oCJ.ci. to iu:.;truclicn that i::roliuceu a 1-1a cr.:dc.Jcd pco duct; a 

.:;~a. q E:a µre:~el!tdi::.ion ;.:;ui;r:;o.r:tt::a. by textudl ill dte.riul.::> inc.1.udinq 

ill~~tI:dtioils, exercises, per:io~~at~e ct i ec tives dnd summa

t.iv~ evdl;latlo.u (i·1 e.:.>t4aai:<i, 1~o1). 
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l.n 1':17 5 , ASI c.u:o::;::;t;u .id ,000 , OOv, E:i!Jpluved 250 li1:r::;or.

ricl, u. i1d qr-t::::w to 14 uomcstic u!:i well a::; 7 for-eiqn ofr:ices • 

.UL 1Jo0, A::il 4r-0.:;sed ,j,j'..J, GOO, 00U, titipl..::vEu 40Ll per.:>v!IH~l ·Hu 

hdd 2U dowestic oitlc~s und 32 i0r~iqn uific~s (Annudl he

µort, 1980). 

'I u e r t: as on .s for t ll is ..:i row t i1 r a t E w E i: e. t ii r-= e f c ld : 

1. The r~sult of a qutllity contrcl PICcess. 2. A tiqhteninQ 

up ui student evaluation proc~uures. ..J. Improvewent in 

i.11.tormation pres1::ntat..i.ur. tecnni4ues, i n c.Ludinq video :::>cript

i.c;q, ri:or.t-e11J d11aly::; i::>, instructicna J dESiqn d TIU instruc

tiOI; dl µac1'.a1.u.n4 01e.::.tQcur:u, 1JU1). 

~Q~~gmgQ~~~Y-~Y~1Y~~jgJ_.11~ggJ§ 

Th& mouels tor eva~uation ~ h ich ~ere uescribed tli1fer~ 

Lrou; aescri-i;tions of uctuu.l. evdluat.i.or;:..; in t11 e fo.!.lowiull 

way:.:;: no uctudl µroq.i:arn, cu~riculuir er uateria.l 11 .. :::.r~ 

evaJ.u.:i.tGu ir. tu e model.; no spec.i.Lic cc.r:tEnts, si-ruation.:: , er 

conti;:xts 11Er: e consitler:ed a nu tne lev~l oi qen~.ra.litv wa::; 

hiqn; q~~eraily, ~o s~ecific in~trum~nts, aesiqn~, or ~~cba

nl~ws for dal<.i coll~ction, analvsi~, etc., wer:e ccnsidered: 

tne .special pr:o oleUJ::> 11 hich iiros2 in a i:u r t icula r :::tud y could 

not i.IPPI:O...i~llbU in t;,a t::V<.ilUatl.Ou illOU El. 

ho wt;V >.::r, iwi;o1:t.:tut way::; .:.n whicn t h(; eva.i.uatiou wo1lel. i::.::pre

;:;en t2a t.he uctua..i. eVd.J.U a t.i.on stua..Le;:; • tjch it mod e lled: the 

.;;;taq~.::s :.rn<l co uq.>ont:nts o .r the actUdl evc:luation w~.i:e uc-
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P 1:r::;ur. -

f:rices. <ind -.L..lt.:i .ohich were a.nalyzecl in the evaluatiou •ete care-

on ue .l a tu iully repr:e::H .. wt;;d in the model; t.iJE) c;enera.l. plaii cdlu ~trat-

cQY OL cVHlu~tic~ ~hich werb us~d in the study can be 

clearly µc.rtl:dV Ed in the wode;;:J.. • 

. d. : 

tiq hten inq 

nt in El.::vu1 evaludt.ion u~siqu syst.::m.: i.ere pccsent.:d in 

o ::;cript- uctai.i. coveriHq tht: wid-1960' s tc thE 1::i:-=.ser.t. P or purposes 

.nstruc- o~ the res~ur:ch, ~t was viLal to e~tdlli~n tueir ~im-

various d~siqns anJ ~taqes into a ~ircle ccwprehensi~e de-

siqn • 

. cliifered 

Olo' inq 
, 

Ih e_ .cou: o .;.rr~g __ J;;ggs;.11.ti~ 11_gd....-!J..UiL1£.£J:.D i11_gJ..Y...Q~1!1!.1i.QJL g~s,tj,.gJ!! 

The d iss 0l: tation ~a.:; ct <li:scu::;.:;icr. ci fcrmativd ovalua-

ti.on:;;, er tioll in tl:ir:1::.; aoma ins; duucation, wilitarv ti:aini111.1 and 

y Wd!:> inJu.stria l trail1inq. 'Ih.:: next :.;i:-.lm.::n t of th-= uiscu.::;sio11 will 

o r u; e:cna- consist of an outline combininq tb e tl:rEE a.reas, with as-

s idered: sis-.:.:i.11ce beinq pruv.i.Jeu i n the .i.u.;.;iitirication or cont.ri-

ud y could butio11s Ly "p.iac.i.1Jt1 a.n '.G' I (.>l: <.,; uucati0n, 1 1 1 for indu.:;-

try/mil.ltdry, or 'J.::.I' fer mutual contrlbutio.i.1S alter tue 

: ..l. r: .:;pre- i t e m u r .:: n tr y 11 ( J .u au :a , l ':J 7 9 , p • 1 SO ) • Tne eutire ou~line 

LeJ: the i.ol.' tl1e ev<:i..i..udtion procE<lur:e i:.:.; d:J r:cllows: 

uc-
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A. De:fin.:! and ue!oicr-il:e prctlem CE) 

.J. .an-i.Lyze €Vuluation settinq {2) 

1. N~eu.::: d::5S<355lUB11 t (E) 

2. F oc; u := e va luatiun ( E) 

j. 1 d-.. Il i:i.t y tlec;i filun-ru aii.iaq levi::l.s ( E) 

.... Identify yOJ.15 tl:. ) 

s. ru.~nti1v qe:rier-dl J:: rcqram compo11ent.s 

G. Identify what is v.-:rsu.; what shou.ld 

7. Oe.::;c t · .i.l> e packaqe ccmponen ts (E) 

c . .P.Lun the .::va.luut.lon a.ctivii:ies CE) 

1. Evuluatc: neeu..s {E) 

L. 2.i:cioct d.-::cisiou dlh.:Utdr.ive.s (E) 

J. 01;.!ii ne: decision crit.:=ri.:i. (E) 

4. ueL iii;; policies fh) 

:1. Ide11ti.tv -r..tie icl.J..oi.iuq: ( .:.::) 

a. Lon4ituuuuu.J.. 1.=:ifects ( E) 

.c. Hi4h µayorf tran.::actions (E) 

c .. .C:11t.r.:y lE:v"°l teI.avicr and 

c hd ra c te ri:.>t.i c:.: ( .E) 

6. Prioril:.izi:: neeu:: JE) 

7. Select nei::Js ror acticn ([;) 

cJ. A.;.stract proiect CE) 

9. Det~n; i.ne i11t.E::.uts £row (I) 
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10 

( E) 

>U.l cl l>e (:C:) 

J. • f ld illit: ...: .s [ l ) 

b. Dc.;;;iqne.cs !I) 

c. Dcvelopei:.s (1) 

1 u. Andl vze b1£ t.rai~Liuq .:.:nv.l.L:Oliwent (I) 

II. Jesioniny the Evdluat.ion S'r~t€n: 

A. 

•• ..... 

Idt::m:ify evaluation ol:;ectiv~::> in terms of: 

1. A udi21;ce.s (E) 

.i. • Eu uc a ti 0r1al phi lo ~o Ph v (El 

J .. .LJecisio n~ (.,C;) 

4. Subih:t matt~.;.: (L) 

:, • f<a ti c na i.e s { E) 

o • Stu f i i.l i lll s IE ) 

.Per:f<nm d task analysi~ ci o biectives (I} 

11 

1. Su.uta~k.s into pe.rtc.rmance obi1.::ctive.s (I) 

~. ~i.:it~Lion ..l..tc:u.s ror: c acu obi1:ctive (I) 

3. CO\H' SE final Exam II) 

c. con;:;t.ruct coui:sc evalucticn .l..nst.rua:ent.s lI) 

o.. D e t i2I:" .uiue c u:t:ric uluill c utline (I) 

E. Sequence 0niective.s ll) 

f. Select in;_jt.ructioual ucteria.i.s {I) 

G. J..::t:.~Clliill8 t e rminal OU"tCClllE.3 ( l) 

H. Det::;.cwir.3 itiformation ~taqe.s CE) 

1 • .::ollt:C1:.J...OD 

.40 Or4dnizdtio11 { E) 

3. Ariu. ... y tis (El.) 

4. L< t: p u r: ti nq 1E) 
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l.l l. 

I.. Deter:wJ..ne ;jtutis1:.ical rrt:tl.cu CI) 

1.. Desc .ri pti ve .s ta ti .s tic.s (.I) 

2. Prc:uic1:.i ve sta ti51:ic~ (I) 

3. AiWV A J:C Ad CJ VA (I) 

4 .. ca . .uo:nical cor.r:elaticn (.I) 

::>. ~1 u .l. ti i:;.i.o:: u.i sc :ri uu. nan t cm al. vs is (I) 

6. Path dua.iytic metncdcloqy (I) 

7. No1.-purafilct.ric st.ati.stic!;; (I) 

J. Anal yzt; cb ic;c ti ve s aH<l i.:iforwa ti on CE) 

1. Lo 4 .l cal anaiV se.s l.E) 

L.. iuiPi i.:.ical aua~yse~ (E) 

J. .i?re .requi tit.es (E) 

4. ~1"'a5uLiiiq in~truwent~ .IE) 

fi.. Leve l0p in.st.ructional .strut0c.iv Ci) 

1,. D<Jt2r:m..;.ne 11 hiq.h and low iidE:.4.it.Y" 

transacticn;.;;) ll) 

11. Heµar:e fir.st d.r:art uf {I) 

1. Sc r:i i:; t (I) 

2. S.k-=:tClH.i:S II) 

J.. .3 tor y to a.c u !.l ) 

4. rlater:ials (i:) 

Inn:.l.:mt:nti I14 t he Evo.1.uation .Ct:siqn 

A. .Cete.L:min5 e: v aluar.i0 n d i rre1 . .sio!J.:i {l} 

.b. aeview µiioi.: to e valua tiou (1) 

c. Cuncluct .3clt-evaluution ot r.:iat ·2ri.1l (.I) 



[) 

-

L. l:.val:.idte i:ou~b J.caft cf rrate r ial [I) 

E. .2roviJ. c li:.XP8.l:t ap~rai~al (1) 

i . Compl;.; t~ in-cer:ndl L::Vi l:O w (I} 

u. D~veluµ nut\lrul lan<.~ua~E que~tio .ns Ul 

ii. Ch€Ck \.::Vd.lUatiou ue.siq.L; f oL": · 

1. Pc l: Vd S.L \7€ He.::>~ !E) 

L. nelLH;ility {E) 

3. i/ ali dity ( Z} 

4. C.Lc<.i ibili t Y ( E) 

5. 1 i we line 5 !:> { 2) 

I. ii d m i n i~.;t .:= i:: in it i a 1 e v a l u a t i on {.i:; l) 

1. lm;.iv . .Luua.l. trial (o ue-to-u 11e) 

2. Pilot test (Z) 

3. Fo r mative int e rim tE} 

J. Rev .L::5~ an d r:acvcl € {L l) 

i\ • l.. o u d Uc.; t 4 r o up t r:i a .l ( .E I) 

L • t\ e v is c a n d r e c y c 1 E (E l ) 

M. Fielli t~ s t f.EI) 

1. P oi::u1a ti ve prou uct ( i) 

2. ...iudl :r:.r:a e (E) 

N • R i:!V is e ( 8 ) 

o. Pr:ep.ir:= final form 

1 • Sc Li f: ts (I) 

:.:::. St. 0L" Y lJ Oc.ll: d ll) 

3. V i.su al:.:; (1) 

4. d as t c=.r tape ( .i) 

577 

(EI) 

13 



P. Operdtioni.l.J.. t.~vo ut (~) 

11nalvz~ EVdluation date: (E) 

1. .i:' r uQ r:a o cu tc u rae s ( E) 

2. Relationsilip~ an6. indicators (E) 

J. Ju dq_e ment .3 lE) 

4. Otisctive~ met IB) 

5. uu~xpected re5ults (i.) 

G. lJti.J..iZa ti OH p.Lali ( .E) 

!1. ri~vi.;e a ::; fi<}C.:ssai:v - Jctc t er:u: (El) 

1 ... 

rae final i.J..owchart Jaslqn rei:;resentativd of 1:he 

€ Valuat.i0 n precess, ur..J. ba~eu \li:;on tue cutliue, i.s pr:12.:;1:r,t l1 

in ti q ur 2;;; 1 , L. , a nu 3 • 

l2Q. ~ill\.!. .I; :J. 

Se veral evc.tlua-r.iou ~Y!:>t..:lfils r.,,pre~ entdt.iv 2 of the e<luca

tior:.:! .... , i:iclu::>tl:'ial ctnu illii.Ltai:y doll.air;: were µr:esE:ntecl 

wituir t;}J.Gh ut thE.: \al.ious uullla.ins, t11e 

ir.aiv.Laual :;;chemut,1;.:; of GV.J.luation wc:.re analyzed tor con:::>ist

E:Ht uHU u.L.iquE charactei:i::;tics that were useJ:ul in tue 

11 ev E lcp~~nt OI a corupr8bensivc evaluation systalll. 

I ha final ~vaiud~icn syst.~ ~ was usea to ctualvze tue 

i nst.i:uct..l.onal de.si qn dnu ti:Va.L.uat.Lor. ~1cc e~s used at rldva.uccu 

s y.:..; t E: Ll .s, l n cc r p cr.i t-.;d . 

h ~riei hi~tOl:'V ct toe ASl ~orporation ~ds deli~eateJ 

'i.1 11 is Ua ta wa .s J 3-
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• 

the 

t he ecluca-

ns, the 

v.L con..>ist-

tae 

~e tllO 

ANALYSIS OF EVALUATION REQ.UIREMEN'7S 

Evaluation Problem 

Define evaluation 
probl em .. Describe evaluation 

problem 

.. 

Analysis of Evaluation Settinp; 

needs assessment 
focus evalua.tion 
i denti~J decision-makin~ levels 
identify p;oals 
identify p;eneral 

program comnonents 
identify what is versus 
what should be · 

describe package · components 

Plan the Evaluation Activities 

evaluate needs 
project decision alternatives 
develop decision criteria 
define policies 
Identi~J the followin~: 
longitudinal effects 
hi~h payoff transactions 
entry level behavior and 
char'icteristics 

prioriti.ze need 
select needs for action 
abstract project 
Determine intents from 
planners 
designers . 
develo-pers 

analyze the training environment 

.. 

5?9 
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FROM ANALYSIS PHASE 

DESIGN OF THE EVALUA~IQN SYSTEM 

' 
Idc~tify evaluation 

ob,1 ec: i ves 

Audiences 
Educational philosophy 
Deci sions 
Subject matter 
Rationales 
Staf !' aims 

Construct course 
evaluation instrument 

• 
Sequence objectives 

Deter~ine terminal 
outcomes 

~etermine stati~tical -
method 

descriptive 
predictive 
AJIOVA .or A..~COVA 
canonical correlat~on 
multiple discriminant 
path analytic 
nonparametric 

----- ---------- ·- - - - ----

.. 

.. 

.. .. 

.. 

580 

Task Analysis 

Subtasks into 
pcrfor~ance objectives 

Criterion items 
Course final exam 

I 

Determine curriculun 
outline 

I 

Select instructional 
materials 

I 

Determine information 
star.es 

collection 
org,anization 
analysis 
renortin~ 



s 

J 
J 

Determine 
Evaluation 
dimensions 

Self evalu
ation of 
material 

. Expert 
Appraisal 

:Jevelop 
natural 
language 
questions 

PRE-EVALUATION ACTIVITIES 

Conduct the following : 

Check evaluation des if,Il 
criteria for : 

pervasiveness 
reliability 
va1idit:r 
credibility 
timeliness 

581 

Review 
prior to 
evaluation 

Rou;r,h draft 
of material 

Comolete 
internal 
review 



. . 
. 

Revise and -
~ 

Recycle 

0 

-... 

I 

I 

I 

I 

, ' 
Administer initial 

evaluation: 

one-to-one 
pilot test 
forr.iative interim 

~ 
Conduct group trial 

~ 
Conduct field-test 

formative product 
goal free 

Prepare final form 
scripts 
storyboards 
visuals 
mastertape_ 

Operational tryout 

Analyze evaluation data 
program outcomes 
+.elationships and indicators 
judgements 
objectives met 
unexpected results 
utilization plan 
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=iveu !=o~ ln-huu~c doc~ma~tat:ion Jnd BaLnum (197~}. 1he 

i.ar.rutiv.:: .ref.l~ctea the i.:a ~id. q.rowth u.t ASI d:.:> a viaolt;; 

eut.ity. 

1d 

Tne uext seqm~nt OL the uid~ertuticr provide~ a detailed 

doCU;jl"'i1t.:i.tion of the i1Sl six-pua::>e CCl.rSe uevelopment pro-

ces:.>. ifh;;n r.eces.Sd.Z:Y anu ui;i;.L:uµos, ai:i:elltiic~s \ilere added to 

prov'iue r u.rthc:r clu.rific;clt:J..oh dnJ fo.r '.:asv r<::f.ar.::r.ce. As in 

the µrGcedinq seqwent, the process ~as ccnsolidated into a 

flowchart diaqruw of the e vant$ l e auiLQ to course co~pleticn 

and icµl ~m~utati~n a~ sho~~ in fiqure 4. 

~h~ Lina! ~eqmeut discus:.;aa th~ ratioh~le, w~thodoloqy 

anu tatu1 atcd r2.::;ults of a. qu.::st.ionnaire <lesiqued tc f urther 

vei:i.Lv dj,G eVa l Ud.te tne ASi. wodt:.1 Lrcm an i r. -huuse 

per.sµEctivc:. 

.(;.Q!!~1!:!AQ!! .f? 

Nine coHclusioIJs Ille.La q .:= iu:::r.:d.tuJ as a r~3ult o:t the 

i.n v es i: l.q at iou. .E:::;seut i allv, thes1:: arE rElat.ad to the state 

ot th~ drt oi icr:ruativ~ eva..lu;J.tiou u.s dc.ii.ut:dtGd i.:.i Chapter 

I.i, -.:..uE woat::l u..;1iveu t rem the tl:.ieor:v. thE! AS I proceauri:: and 

:::;urvey r~~ult:::; d~:::;c~iced in Chapt~L IlI, and the compari:::;on 

of tht: t.11u· moael::> in l.hapte.r IV er the ci!'.sectaticn. 

IQ.£!:!..!:!..t iv§ Jy_gJ_y_g~ l-9!.! -=-;2 .. t.9 t E;! _gi_ t i1.~ .. . .J:U...t 

£ou.r <.:onc.iu.::;lon.:> were q.::nt::.cateo i.rci; tn~ lit~r;ature 

cevi~w ill ChaptE:r: .lI. Th -~ v a r:e a !::i t cl...Lo i.s: 
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PHASE I : PROJECT INITIATION 

Identity Problem 

-verity field reports 
-survey potential market 

Describe Problem and 
Setting 

-consolidate analysis data 
-determine curriculum and 

scope 
-determine curricul1.11a 
objectives 

-identity primary audience 

Analyze Problem 
1-~~~~~~~-.. ~ and Setting 

~ 

-survey research reports 
-survey potential clients 
-attend workshops/seminars 
-survey content or training 
experts 

-survey potential trainees 
-analyze internal and external 
training products 

-determine marketing goals 
and objectives 

- verity potential resources 
-reco111111end program 
development 

l 
Develop Product 
Assessment Package 

-identity problem 
-describe problem 
-describe problem nature 
-primary audience characteristics GO/NO GO DECISION 1 
-course 1!-Dalysis (existing) ~, 

-potential marketing goals 
and objectives 

-solution 
-curriculum scope and objectives 
-proposed sequence 
-available resources 

Project Initiation 

-choose developer 
-prepare product description 
-develop purpose and scope 
for each course and module 

-reco111111end course developer 
preparation plan 

-select and contract external 
authors (if necessary) 

,, 584 
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PHASE II: COURSE ANALYSIS AND DESIGN 

Target Description Course Content OverTiew 
~ 

-consolidate data - Perform: 
-locate resident, content 
and training experts -review or product 

assessment data 
-analyze existing material 
-literature review 

,, 
Identity: 

-training needs 
-relevant cognitive data 
-relevant skill data 
-general task description 

1P 

I Consolidate Data I 

,, 
SPECIFY OBJECTIVES DEFINE CONTENT 

Generate General Generate Topical 
Course Objectives -. Outline 

-identity specific .. -identity topics 
skills and knowledge -identity subtopics 

-specif'Y entry and -sequence topics and 
terlllinal expectations subtopics 

~ -correlate vith .. general objectives 

- ,, 
Generate Detailed 

Course Objectives •r 
Generate Detailed 

-state in performance Topical Course Outline 
terms 

-state subobjectives -expand general outline 
in performance terms -sequence course 

-determine performance -correlate vith 
criteria performance objectives 

585 



l 
DEVELOP COURSE STRATEGY 

Analyze Course Requirements 

-develop criteria for 
final examination 

-develop performance 
objectives 

-identify terminal and 
implementing objectives 

,, 
Develop Instructional Develop and Document 
Strategy Media Strategy 

-develop training hierarchy - -identify media .. 
-write final exlll!I items - document special 
-specify instructional production needs 
tactic for each objective 

•• 
Develop and Document 

Word Processing Packaging Strategy ,_ 
-input ,.. - identify nUlllber and 
-proof output type of course pieces 

-describe any special 
packaging considerations 

' 
Develop Video and 

Audio Treatments 

,, 
REVIEWS .AND REVISIONS 

SPM Reviev Quality Control Reviev 

-revieva and approves -distribute copies 
all materials - to revievers .. 

-begins search !or -reviev materials 
Beta test site 

-~~ 

ooo 
'Ir 



Quality Control 
Debriefing 

-quality control committee, 
product manager, SPM, TSM, and 
others as necessary 

Quality Control 
Not Approve 

.. 

REVISIONS 

Revise Content/Instructional 
Design 

-Input corrections 
-SPM approval 

'. 
Run Alpha 

Test 

Present Results 
to Quality Control 
Committee 

Quality Control 
Approval 

Director or 
Product Development 
Approval 

... 
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,._, 

PHASE III: MODULE CONTENT DEVELOPMENT 

DEVELOP CONTENT NARRATIVE 

Planning 

-reviev schedule and budget 
-plan activities and deliverables 
-arrange for optional alpha 
test (if necessary) vith 
master performer 

Generate Content Narrative 

-develop drart for each module 
-consult vith Technical Senior 

Manager and content expert 
as necessary 

-review and revise content 

' . 
Alpha Test (Optional) 

-assemble draft 
-administer test 
-collect results 
-inte.rviev alpha test person 
-perform revisions based upon 
results 

,. 
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PHASE IV: MEDIA DEVELOPMENT 

Planning 

-select production team 
-determine visuals 
-establish priorities 

l 
Scripting 

-develop production 
ready scripta 

-video treatments 
-audio treatments ' 

l 
Revievs and Revisions 

-Senior Product Manager reYiev 
-Product Manager reviev 
-Quality Control Committee 
reviev 

-revisions baaed upon 
previous reviews 

l 
Alpha Test 

-find representat ive student 
within or outside of the 
corpor ation 

-administer test 
-evaluate results and 
revise based upon r esults 

l 
Review 

-reviev and approval ba sed 
upon results by Director 
of Product Development 
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l 
PHASE V: MEDIA PRODUCTION 

Planning Generate Master 
Mllterials 

-schedule resources · -
-review budget and ... -videocassettes or tapes 

schedule -audiotapes 
-student guides 
-coordinator guides 

Generate First Production 
1 ..... 

Run or Materials ~ 

-check for errors 
-run Beta set - minimum .. 

audience of fifteen - Reviev First 
-run complimentary set - Production Run 

~ 

for content expert 

v 
Produce Releases 

-Production 
-Beta test 

0 

PHASE VI: BETA TESTING 

Planning Testing 

-contact company ... -pretest 
-select students - -annotate 
-contract time, place -final examination 
-forvard materials -questionnaire and debrief 

I • ... Impl ement Course 
Final Report -
-Reviev Beta Test data .. - Revise Course 

SQf\ -



apes 

·brief 

2u 

1. fO[i~aL .. Vc 2Vrill,;dt:.ion tnE:t.>.CV P.d!; ba.sGd UPOh the 

audiovisual inst.ructiun wovement of th: 1:J20 •::; antl tue psy

ch0wetric move~ent 0t tbf 19jQ'::;. 

L. Practical u::;e::; cl: .roI:illiltive E::Va.A..uai:iun was aerivE:::d 

.::com I:bSe drcn cc1,J.uctc.?u in t .ne arwed rcrCE:!:> llur:inq Worlu war 

iI. 

' 3. for.ilative avulU<i t ion th E:o.rv rnc lieJ..s w :,~r'3 not de

veloped until t.h c lute 1Y60 1 ::>. 

4. ".rh2 inliu.strl.dl and 111ilitai:v oc1rnins u icl JJ_Qt r.rovide 

WdDY aoJ d ~~ ui Loriatlve ~valuation • 

. .b.l!_g __ AS i_l'.lis;;B.§..§ __ §.l!lL_j.Qg~]. 

· lhe i iLth dHd ::>ixth conclusior.s liiEI:l: ba!:>\::OU ur.on tHe 

l'h<:y are a.s fol.lows: 

5. "ine ii.SI mod-3...i. rc£.l.ect.::d thb corp0rat.iou•s d-;:sii:e to 

pi: e:::>E!nt d ..;;y;,,r.einati c appi:ou.ch t o the oE vElopmt; nt <..t nd e u~ua

tion or traiuin~ wat. eLial~. 

b. 1i;e empi.oye1;.;::> cf ASl did. not always u.qree with 

ASl'~ lli~tnc~ of cour~~ ~ d v2l0~w~ll t and ~vaiuutiou bas ea upon 

tuc result.;:; of th2 sd~vey dct dil~d in Cba~ter III. 

i.' n~---~l!.QQf. y __ uQ g.s;J.L~~-L ti ~.Q.£,i,_s;;.Q.mJ2.sH~.i§2£ 

lt.e :..JE V <: nt 11 , '.= l4uti1, clllLl. Hi r1tl1 c.:u .. clu::>i ous .ir e ilased 

upon tr•e co.upa.r.i.;:;on of t .be t!ieory flOQE.1 i 11 C i.ctpter: II an<l 

t.!1~ Lis I ;i.cuc:.i in c haPti.::.r: I..i..l . The t 11rE:e conc.J..usiuns are as 

£oliows; 

591. 



7. LiJ.l tl •. ~ 0asl.;:; of t:iH; findiLQS ili ci1a.pter lV 1 tn o 

t n.:..oi:y i.1ou~l cuulu hu.ve beo~ritt~J i:r:c.a iutt:.I:fa.cE: with the 

A SI wo u.Jl. The \jO/Nu Go liec.isioa poirt i1; tl1e AS .r m0de 1 •ds 

0ue 0r. tn.:: moi.:e -'>iqniticaut ar..:ds in 1d: ich tile theory wod~l 

would i:~ct:iv~ suostJ.11tial b.::ne iit. A !:econd. benetit fouua 

l.~l t r.~ ASI mou€.i1 i.;ut not in th1;.; tbeo.rv1 is tbe s"t.ap of 

iJ eu~ityinq n~eds. 

ti . Anotllei: conclusi0.n ~leane d ii:c 11 -rhe rasults of 

Chi.lPttr lV wa!: that tne taeui:y 1Jcuel ancl the ASl L'lodel llE:r€ 

·i h i!:: loias most appa1: e.nt iu toe 

i :r1 pleine1.tatiou drtti GValuatio1. ::5T.a'le, - c: G- the steps follo~d 

J.n e ach o i tliE molit3l!:> WE: J:e rouqnly tQUiva...1...::ut to one 

ariotho r. 

':I. T he uinth c0flclusioH oi t hi::; stucly concerneo t.ili: 

.oct.::.ed. uµon th2 r e sults c i Chapter IV, t ha:e 

1r.< er:e a 11u 1Gi:;er oi ::; t .:; p!;; wi"Lilih b1c A.SI [Cdel which could 11ave 

oener itte u iroill the fo£m~t~ve evdluuticn theory model . 

u.sir. 4 tn e udt a dnd incorpoi:atiuq t.L e atove c..;.ac lu :s ion.£, 

d t:omriua ti on uf. tn:::: tht:::cry ;.;O<i.;;l aud th b ASI woa ~l i.ld::> 

T h~ u.dvantaqt: 

;;i thi.s iJOJcl i::; thut. it i.::. i ia s eu cu re::tarc .. 1 t hE:!orv anu 

µrov~n ap~licdbility in the iieiJ. 
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ANALYSIS OF EVALUATION REQUIREMENTS 

Evaluation Problem 
- identify problem 
- define problem 
- describe problem 

Deve l op/Plan Evaluation 
Activities Package 

- project decision 
alternative 

develop decision 
criteria 

define policies 
Identify: 
- longitudinal 

effects 
hieh payoff trans
actions 

- entry-le•el criteria 
- prioritize needs 
- select needs for action 
- abstract project 
- de te rmine intents 
- proposed sequence 

.. 

1~ 

.. 

Analyze Problem and Setting 
- needs assessmen t 
- survey research r eports 
- attend workshops/seminars 
- focus evaluation 

identify goals 
- identify progr am components 
- consolidate data 
- verify potential r esour ces 
- recommend program development 

Go/No Go Decision I 

Evaluation/ Project Initiation 
- choose developer/evaluation 

spe cialist 
- develop purpose and scope 
- analyze environment 
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DESIGN OF THE EVALUATION SYSTEH 

Identify Objectives 
according to: 
- audiences 
- educational philosophy 
- subject matter 
- rationales 
- staff aims 
- specific skills and 

knowledge 
- entry and terminal 

expectations 

Determine Information Stages 
- collection 
- organization 
- analysis 
- reporting results 

Reviews 
- Quality control review 
- SPM review 
- review prior to evaluation 

implementation 

. 

-

'Ir 

Develop Evaluation Strategy 
- task analysis 

determine course requirements 
performance ob.Jectives 
trainin~ hierarchy 
media and ~ackaging strategy 
special considerations · 

Determine Statistical Hethod 
descriptive 
predictive 
ANOVA or ANCOVA 
canonical corre lation 

- multiple discr iminant 
- path analytic 
- non parametric 
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1 

IMPLEMENTING THE EVALUATION DESIGN 

Develop Content 
- planning 
- draft materials 
- revise as necessary 

Pre~Evaluation Activities 
- determine dimensions 
- review prior to evaluation 
- conduct 

- self evaluation 
- expert appraisal 
- internal review 

- develop natural language 
questions 

... 

• 

Develop Media 
- planning 
- scripting 
- video and audio 
- treatments 

I 

Check Evaluation Design for: 
- pervasiveness 
- reliability 
- validity 
- credibility 
- timeliness 

Administer Initial Evaluation 
- one-to-one 

... - alpha test 
- pilot test 
- formative interim 

... 
Review and Revise 
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L 

l 
Conduct Group Trial Generate First Production Run Lr 

- check for errors 
- produce releases "----------

1
-r-----------' 

- visuals 
- masters 

J, 
Operational Tryout 

or Beta Test 

- planning 
- select students 
- testing 
- final report 

,. 
Analyze Evaluative 

Data 

- program outcomes 
- relationships and 

indicators 

Conduct Field Test 
"format~ve product" 
"goal free" 

I 

I .. J Implement Course 
~.__ ____ __. 

- judgements .. I ..J 
- objec t ives met ~'-----------......1 

Revise Course 

- unexpected results 
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3~ 

b~G~~~gilgs11Qil~iQb_Q~e 

'lhE: results of t his study Yie.ided thr:t.:e .cecofillllen<lations 

... or ;;uture re.,.ea..:ch or ..:.ipplicat.io11s. ThEY ~re as follvws: 

1. LHe i:ecowwenuation tor usE c1 tl:e: results woulu lJe 

that the historicul u~velcpment preseDtea in Chapt&r Il 

µrov.:i.Clt:!s a.i..1 L itU1ediatE: un<le..:stdnciinq c1 fcrma.tive 1:::valuu.tion. 

Enou,qa iutormdti011 wa!:i µroviaell tc eraile the researcher or 

practitione r to uav~ a sclid Uilder~tandiLq 0£ the for•ative 

evdlUcttion pr0c~ss auJ its root~ ih th~ education~!. incius

tn.ci.l auJ. lllilit acv Jo u: c:lin.s. 

~. A s .2Co.1ci r EcoIDmE1.aati0n tcr U!:E of this stuti y ~ould 

r~Li.uw tne <..:c1ti;drisou a. nd co11ti:u. st of rbPI:'B.Sc.ntati ve ;;;ys-

Initially, a mov e toward sta.nud..cdi:Giuq the terllis a11d 

pr:occ.::;s of formative ..:?Valu atio11 coul<i l:E esta.Lli~:rned. s.cc-

o ~ uly, 0xisti~~ or future sv ~tem~ co~ld t~ compare d ~ith or 

modified by tbe for:i~a.tive 8Vdl.Ui..1.tion theor:v model llevelo1H:: d 

.l.Il Ci1aptE:r: II. 

J. i1 th.u:d r:ec,Ju1mEHdat1on ..Lor.: ii;ttrE u.se oi t.he stuclv 

w0u.id te tu usb the r~sults oi Chdµter II a~ ~ t~xt in au 

eva.luatiOll curriculum OI COUl:Se IO'C CU.r.riculum aevelopers. 

C !..lrr:iculu ~n c va.i.ua.tor~ • .u:structiuHal cE.::iqu speciali.::>ts, or 

dHyu1, .:: iuvclvt:d in t.h.: i..::oa. uctio1; of i nstr:uctional p<ickaqes. 
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~~~~~msng~1Jg~§-~QI-.lgtuA§_~s~~~~~» 

'fr,e Jircctions 01 iuture researcl ir: terills ot t .li::; 

particulu.r .stuuy ct.ri.-:! illiiIJY aali vai:i1Jci . 

i.Ju.~t::.s .i:u.i: .cG::;e::arch in th8 th2or:~tica...1.. as well as the Prac

tical do:a ai1i.::;. 

l. Tli-c mo.st. impcrtd!Lt. ciir~ct.i.on tor ruture r:asiaarc,1 

JJ 

woU...L.•..i tc tc µe::rio1:w a i.:cr:rnative ~va.luaticn uf any insr.ruc 

tiondl. pi:oqr<.1.ru or µackaqE iiiith the cc11bineu illOdel presen t~d 

in Cha.pt.er: v. 

2. Sc;cona .L v , t i~:; ti:iecr ~ t.i(.;a.i i.1cdel devt::loped L1 Cbdp 

t er I! ~a v prcviu e tad bdsi~ ior audit iona1 cowpdrisuu::; witn 

t.n e .tvL.:i a t..1.Ve evaluation µr:ocedures ~LE:::€rted in cthei: tu-

1'nis woulli OitlV enhancE trE literature avail-

u.bl c en fo rii1ativc::: evaluation. 

3. 'Iu.i.rjly, another uirc:ct.ion Lcr rurt.ner r.:;se'1I:'Ch 

;wuld to be to clesi cm and execut e u cci:t/tenefit e xp .:.n:imeu

'tul .st.ud y inv0lV..LilQ tae t:ileocetical ncdel in Chapter Il or 

c.ne ccmbir.eci n:cdel i11 Chai:tt::r: v. '..rhi~ i.culu deter:111i i.1c wheth-

;;; r the: aoJed .::xi-:-::us~ uf iorrua tive eva.luatiou is wurth th~ 

C0:5t • 

4 • l\ r o 11 r: t. h u r: <:! d c i po t en t i a l s t u ll v w o u l d L e t o e x pa nu 

.inJ/o.r moJify tl;..:: theor<.:!tical illuucil i...rt::st.11tt:u l.n Chaµt ~r II 

<i.S w1::,ll a~ t !le co.utin~u wociel µ .•. :esEnb:d in c na pter V. '.!.hi .s 

~oultl coinci~0 ~ith dstatlis hinq a standard tol:ruativ~ 

~Va ..LU -ttl.Oll iDOU(:l .:; ui tdli ,J, .::: i0r US1:; i.I! a va. :r-idt Y of .set.tii.qs . 
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..:J Ji+ 

L' :> .. ,\ £i.rth aLM 0..1.: put.:.:utial .stt:dv •oU.J..u b 1::: to. cofllpare 

l.. " . "' ~nd contr~st t h ~ formative evaluatio~ ~1ccatlureti oi otner 

.a}( Lll d.., cor-i:oi.:ations .il1volv.::J i11 1.nouuci11Q t.ra.iuia" puc t.aqes •it!l 

P.r dC- th~ tucoreticdl modei dev~lcpt:J in Cha~tEr II. 

.true-

Ben t~d 

•-LL.::> w i tn 

i: ! u-

avail-

.l"Ch 

: rime u-

I .i.: or 

c w neth-

. the 

1 ex pa nti 

tt!r II 

t i1,qs . 
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This brief paper will reflect upon two things. The first is 

educational technology research and its present state. The second 

is the rqle of ECTJ. The paper is· not to be construed in any way 

as official Journal editorial policy, but rather as some persor.al 

reflections about where we are and where should be be going. 

Dare · I begin with a definition? I think it might be useful. 

For me, educational technology is centrally concerned vtlth 

design, with, as Simon (1969) puts it, the main focus on the 

optimization of alternative paths of action. I do not think that 

this definition is in any way heretical. It is, of course, very 

close to a definition of technology, given by Galbraith (1967): 

"The systematic application of scientific or other organized 

knowledge · to practical tasks." This definiti on suits me well. 

Galbraith and Simon are essentially saying the same thing . That 

we have to make the best possible decisions for action, given a 

particular set of circumstances; and that we have to have a body 

of knowledge to guide us. ~ile_!~is approa~~ .. ~.~·--wh~~ - ~e ~o -~n _ 

,2.Ur.._.fie,lg_i~_clearly rooted in positivism and determinism, the 
----·--·--------------·--~-~~-------- --· . ... _ _____, 

limitations of which are becoming increasingly apparent to 

educators , it is nonetheless the paradigm that , for now, 

continues dominate our activities as educational 

technologists . 
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~~tion~~ ~~c~'...~log~~-~:3. ... ~\l-~'?~.~q_J!l what they do to the 

extent that they have access to and understand the body of 

"scientific or other" knowledge that underpins our field, to the - -------·--. ··- ... _..... - .. ~ 

extent that they accurately analyze and understand the practical ---· ·--·-· . .. ... -

tasks they are expected to deal with, and to the extent that they - · --·--.. --
are aware of and can use the "systematic" procedures that lead to 

the best decisions. Educational Technology is an eclectic, even 

better a systemic discipline in that the strength of the 

discipline is determined by the strength of its weakest 

component. In other v.ords, without a sotmd body of knowledge, 

techniques for analysing practical tasks, or a set of optimizing 

procedures, the whole endeavor grinds to a halt. 1he weakest one -
of these three components- will determine the strength of the 

..---- ----------· ·----··---- .. -----.. 
er.tire discipline and the success of the design process. __ ....... .-... __ _ 

----
What is the body of scientific knowledge that we apply 

systematically to practical tasks? My position is that it is 

instructional theory. However, when you consider what I believe 

to be valid sources of instructional theory, you will realize 

that my position is not as narrow as you might first have 

thought. Instructional theory can, of course, be built from 

experimentation, either directly from controlled studies of 

instruction, or ind i rectly from controlled studies of l earning . 

Implied here is a fundamental distinction between theories of 

l earning , which are descriptive, and theories of instruction, 
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which are prescriptive. On the other hand, theories of 

instruction car. be built from r.aturalistic observation of ~hat 

goes on when students learn and instructors teach, in classrooms 

or wherever. (A point to be made here is that the impending shift 

from experimental to naturalistic research methods, while 

influencing instructional theory, will not necessaril y change the 

deterministic pratices of designers. The way ir. which knowledge 

is derived does not effect the use to which it is put.) 

As the body of knowledge contained in instructior.al theory 

grows, there are t\,,O major p:>ints that are becoming increasir.gly 

clear . The first is that media and communications technologies, 

as delivery systems, ·do not make one iota of differer.ce to 

, learning . What do make a difference are features of the formats 

iri which information is cast, and instructional methods, which 

are both mostly indepedent of media, but which both engage 

cognitive processes that do have an impact on learning. The 

second p:>int is that, because human behavior is so utterly 

unpredictable, the discovery of the optimal method of ·instruction 

is well nigh imp:>ssible. We can certainly improve the ways in 

which we select the best method for the given · circunstances. 

However, the chances are that this method will not apply in other 

situations. As Clark (1983) p:>inted out recently, we usually deal 

with sufficient conditions of learning, not necessary conditions. 

1his, of course, points to a weakness in instructional theory in 

its current state. Ideally, instructional theory should embody 
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necessary conditions of learning. But for now we will have to 

make do with what we have. 
all 

sitU 
In addition to instructional theory, derived from controlled 

experiments and from observation of learning and instruction, 

educational technologists also build theories of design. 'Illese 

are concerned with analyzing and describing the "practical tasks" 
pant 

faced by educational technologists, and with techniques for 
theo 

decision-making. Interestingly, · techniques of task and learner 
espe• 

analysis are intimately tied to develoµnents in cognitive 
effe· 

approaches to instructional theory. As our picture of how people 
We a 

learn is gradually pieced together, so · our kr.owledge of how 
to c 

students learn and use algorithms and how this is affected by the 

skills and strategies they bring to bear, is improved. 'Ille deeper , 

we dig into cognitive processes and skills, the harder it becomes 
info 

to separate content from mental skill, task . from learner 
arti· 

analysis. Instructional research informs instructional desigr.. 
repo 

posi 
Instructional decision-making, on the other hand, is 

on h 
considerably complicated by advances in theory. When I look at 

deci 
media selection (method selection?) models, they are all 

far 
extremely oversimplified in the face of what we now know about 

othe 
learning and instruction. I should add ·that, in their recent 

book, Reiser and Gagne (1983) recognize this, and imply that 

while a selection model will make life easier for desigr.ers of 
stil 

certain kinds of tasks, it will not make life perfect . To do 
ur. i v 
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this would require that, indeed, instructional theory describe 

all the necessary conditions of all types of learning, a 

situation which is a long way off in the future, if we are ever 

to achieve it. 

To sunmarize, then, we are still fl.ying by the seat of our 

pants to a degree. Our three tasks of building instructional 

theory, of developing techniques for analysis of practical tasks, 

especially learners and cognitive processes, and of developing _ 

effective decision-making techniques still have a long way to go. 

We are at least off the ground. But we have still have to climb 

to cruising altitude. 

ECTJ has a contribution to make in the dissemination of 

information about all three of our tasks. The journal publishes 

articles that contribute to instructional t heory, either by 

reporting experiments or by putting forward theoretical 

positior:s. It also publishes articles on design theory, that is 

on how we analyze practical tasks and how we make instr uctior:al 

decisions. However, to date, there has been a tendency to publish 

far more articles of the instructional theory type than of the 

other types. 

There are a nunber of reasons for 

still the perception that for 

this. 

purposes 

First, there 

of prornotiol! 

is 

in 

universities the empirical "hard science" paper is somehow more 
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respectable than papers to do with practice. However, what Schon 

(1983) has dichotomized as "Technical rationality" and 

"Reflection in action" are both equally important ingredients in 

our profession. Unfortunately professional schools are usually 

low on the totem pole in universities, which rnear.s that it will 

take time and effort to get contributions to practice recogr.ized 

as equal in value to contributions to theory. 

Second is the vicious circle in which journals tend to get 

caught up. A journal's editorial policy is inferred mciinly from 

what people see it publishing, and only minimally from policy 

statements that it prints, usually under "Instructions to 

authors". I think ECTJ is seen to be a place to publish articles 

contributing to instructional theory. This is certainly true if 

the proportion of manuscripts that are submitted is anything to 

go by. It is not that articles in the other categories (analysis, 

design and so on) are rejected more frequently by the reviewers. 

We just do not get them. I would like to add a word about 

articles on computer applications to education. We should be 

publishing papers in this area. But to date we have not received 

one good report of a computer study or project. I find this 

surprising, if not alarming. Again, I am sure this is because we 

are not thought of as a "computer journal". 

As a final exanple, we have received a r.unber of manuscripts 

about naturalistic research methods. However, we have not 
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received one good report of a study that used them! Either lots 

of people are talking about these methods, ar.d r.o-one is doir.g 

naturalistic research. Or people are sending their manuscripts 

elsewhere. I suspect the latter, again because we are not seen to 

be · the place to publish naturalistic studies. I should also add 

that a lot of people (until recently myself inclu::!ed) still 

consider such research to be less rigorous and of a lesser 

quality. 1here is work to be done here, and I think RTD has an 

important role to play. 

If ECTJ is seen to be, and by virtue of that fact actually 

is a journal that reports mostly instructional theory, then how 

is it different from other journals that do this, such as JEP? I 

think in two ways . The fir st is, ironically, the residue from the 

"Audio-Visual" orier.tation that our field used to have. The 

research we publish tends frequently to investigate the "message 

format" variables of instructional theory. We carry a lot of 

articles on pictures, visualization, audio, and so on. So, for 

people who want to read about or publish a paper on how the form 

given to information affects learning , ECTJ is the first place to 

turn. 

The second difference between ECTJ and other jourr.als is the 

degree of emphasis given the extension of results into the design 

process. I have r.oticed that, for the most part, our authors 

tend to pay attention to application of their research to the 
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practical tasks of education. This is er.couraging, because it 

has within it the germ of that shift from the theoretical to the 

practical, from "Technical rationality" to "Reflectior. in 

action", that I alluded: to above. I am particularly pleased to 

see an author do a super job of presenting a study conducted in a 

"real v.crld" setting, and sayir.g so. Of course there is a 

trade-off of internal for external validity. But provided this is 

made known to the readers with all frankness, then I have no 

problem with it. As we see more naturalistic research, this 

matter will crop up more often. 

My optirnisn about the future of the Journal'· after almost a 

year as its editor, is average to above average, though not 

wildly positive. This note of caution has its roots in -what I 

have just said: we are not publishing enough articles in the 

analysis and design categories which makes our field .unique; we 

are not doing so because we· we are not getting the manuscripts; 

people are not submitting the manuscripts because we are seen. to 

be primarily a journal of instructional theory, and because 

papers of this type are not thought of as highly as basic 

research papers in academic communities. Let me add straight 

away that there is nothing wrong with us publishing instructional 

theory. I just feel that we need to publish more in design and 

application as well. 

I have ignored the type of manuscript that we also receive 
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fran time to time to do with the scociological aspects of our 

discipline. I am referring to articles on the social impact of 

educational technology, the whole area of innovation and change, 

organization and management, the history of our field, and so on. 

I must apologize if in leaving these areas to last I have seemed 

to belittle them. That is not my intention. It seems that any 

discipline will do well to exanine itself and its impact from 

t ime to time. ECTJ must support these efforts . But again, we 

receive far fewer submissions of papers dealing with these topics 

than of papers on other topics. That is a fact over which we· have 

little coritrol. 

As an editor, I often wish I could make people write and 

submit manuscripts. Of course, we have the annual review papers, 

funded by ERIC at Syracuse. But these do not allay my 

frustration . An editor can solicit, can weadle and encourage. But 

an editor cannot compel. The future of the Journal is therefore 

in the hands of the members of AECT and of the broader research 

and developnent community that feeds it. We must all enco'urage 

these consituencies to allow us to publish what it is they are up 

to. TI1e journal, after all, has a responsibility to communicate 

to members of AECT the latest ideas and discoveries of the field. 

These may not be occuring under the auspices of people who think 

of themselves as educational t echr,ologists before all else. But 

t hey ar e doing work of importance to our profession and we must 

617 



11 

pass it on to our colleagues . 
/ 

G1S 
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