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Preface

For the thirtieth year, the Research and Theory Division of the Association for Educational
Communications and Technology (AECT) is sponsoring the publication of these Proceedings. Papers
published in this volume were presented at the national AECT Convention in Anaheim, CA. A limited
quantity of these Proceedings were printed and sold in both hardcopy and electronic versions. Volume #1 is
available through the Educational Resources Clearinghouse (ERIC) System. Proceedings volumes are
available to members at AECT.ORG.

The Proceedings of AECT’s Convention are published in two volumes. Volume #1 contains papers dealing
primarily with research and development topics. Papers dealing with instruction and training issues are
contained in volume #2.

REFEREEING PROCESS: Papers selected for presentation at the AECT Convention and included in these
Proceedings were subjected to a reviewing process. All references to authorship were removed from
proposals before they were submitted to referees for review. Approximately sixty percent of the
manuscripts submitted for consideration were selected for presentation at the convention and for
publication in these Proceedings. The papers contained in this document represent some of the most current
thinking in educational communications and technology.

Michael R. Simonson
Editor
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Motivation and Self-Regulation in Online Courses:
A Comparative Analysis of Undergraduate and Graduate Students

Anthony R. Artino, Jr. and Jason M. Stephens
University of Connecticut

Abstract

This study provides a comparative analysis of undergraduate and graduate students’ academic motivation and self-
regulation while learning online. Participants (N = 82) completed a survey that assessed several experiential,
motivational, and self-regulatory factors. As hypothesized, graduate students reported higher levels of critical
thinking than undergraduates. Moreover, after controlling for experiential differences, logistic regression analyses
indicated that graduate student membership was predicted by higher levels of critical thinking, lower levels of
procrastination, and lower intentions to enroll in future online courses. Implications for online instructors and
suggestions for future research are discussed.

Background

Online learning' has become the format-of-choice for numerous postsecondary institutions eager to provide
students with the opportunity to learn from a distance (Bernard et al., 2004; Larreamendy-Joerns & Leinhardt, 2006;
Moore & Kearsley, 2005; Tallent-Runnels et al., 2006). Evidence of the explosive growth in online learning is not
difficult to find. For instance, a recent survey of 2,200 U.S. colleges and universities by the Sloan Consortium
(2006) found that 96% of large institutions (greater than 15,000 total enrollments) have some online offerings; 62%
of Chief Academic Officers rated learning outcomes in online education as the same or superior to traditional, face-
to-face instruction; 58% of schools identified online education as a critical long-term strategy; and overall online
enrollment increased from 2.4 million in 2004 to 3.2 million in 2005.

As online learning has grown, so too has interest in students’ academic motivation and self-regulation
(Greene & Azevedo, 2007). Self-regulated learners are generally characterized as active participants who efficiently
control their own learning experiences in many different ways, including organizing and rehearsing information to
be learned; monitoring their thinking processes and seeking help when they do not understand; and holding positive
motivational beliefs about their capabilities and the value of learning (Boekaerts, Pintrich, & Zeidner, 2000; Schunk
& Zimmerman, 1998). Self-regulated learning (SRL)—sometimes referred to as academic self-regulation—has also
been described as an active, constructive process whereby students set goals for their learning based on past
experiences and the contextual features of the current environment (Pintrich, 2000). These learning goals then
become the standards against which academic progress is compared (Greene & Azevedo, 2007). It is important to
note, however, that academic self-regulation is not an all-or-nothing phenomenon. Instead, students are self-
regulating to the extent that they are cognitively, motivationally, and behaviorally involved in their own learning
activities (Zimmerman, 2000).

Recently, several scholars (e.g., Azevedo, 2005; Dabbagh & Bannan-Ritland, 2005; Dabbagh & Kitsantas,
2004) have suggested that to be successful in highly autonomous online learning situations, students may require
well-developed SRL skills to guide their cognition and behavior. Moreover, some researchers (Greene & Azevedo,
2007; Pintrich, 2003; Schunk, Pintrich, & Meece, 2008) have indicated that there may be important developmental
differences in students’ self-regulatory skills, differences that warrant further empirical investigation. For example,
Greene and Azevedo (2007) have encouraged researchers to ask whether there might be a developmental
progression within SRL. In their words, “research in this area would perhaps not only allow us to more clearly
examine individual phenomena in SRL but also provide clues as to how good SRL behaviors might be taught”
(Greene & Azevedo, 2007, p. 364). What’s more, such developmental differences, if they do exist, could have
important educational implications for instructors, determining, for example, the cognitive demands of learning
activities faculty design, as well as type and level of scaffolding they provide during instruction.

! Online learning is commonly referred to as online education, Web-based learning, or Web-based education (Zhao, Lei, Yan,
Lai, & Tan, 2005).



Purpose of the Study

The purpose of the present study was to begin exploring potential developmental differences in academic
self-regulation, as described by several scholars in the field of academic motivation (e.g., Greene & Azevedo, 2007;
Pintrich, 2003; Schunk et al., 2008). In particular, this study was designed to determine if there are experiential,
motivational, and self-regulatory differences between undergraduate and graduate students enrolled in several online
courses. We hypothesized that graduate students would exhibit more adaptive SRL profiles than their undergraduate
counterparts, due, in part, to their greater experience as learners at the university level. Ultimately, identifying such
differences could help faculty as they attempt to employ effective online teaching strategies for students who may
have varying levels of academic motivation and diverse self-regulatory capacities.

Method
Participants

Participants for this study included a convenience sample of 82 students from a large public university in
the northeastern United States. Of these students, 39 (48%) were undergraduates and 43 (52%) were graduate
students. Participants were enrolled in several different courses delivered completely online through WebCT. The
sample included 39 women (48%) and 43 men (52%). The mean age of the undergraduate participants was 22.9
years (SD = 2.5; range 19-29), and the mean age of the graduate students was 31.2 years (SD = 9.0; range 21-56).

Overall, participants reported a wide range of educational experience. In particular, undergraduates
reported the following: High School (n = 3, 8%), Some College (n = 23, 59%), 2-Year College Degree (n = 8, 20%),
and 4-Year College Degree (n =5, 13%). In contrast, graduate students reported the following: 4-Year College
Degree (n =16, 37%), Master’s Degree (n =26, 61%), and Professional Degree (n = 1, 2%). In terms of experience
with online learning, 36 undergraduates (92% of undergraduates) reported that they had completed one or more
online courses in the past, whereas only 23 graduate students (53% of graduates) reported the same level of
experience with online learning.

Procedures and Instrumentation

During the last four weeks of the semester, participants completed an anonymous, online survey. The first
part of the survey was composed of 32 items; all items employed a 7-point Likert-type response scale ranging from
1 (completely disagree) to 7 (completely agree). The items in this section were further subdivided into six subscales,
and all of the variables derived from this part of the survey were created by computing means of the items associated
with a particular subscale. The six subscales included the following:

Motivational Beliefs (adapted from the Motivated Strategies for Learning Questionnaire [MSLQ]; Pintrich,

Smith, Garcia, & McKeachie, 1993):

1. Task Value — students’ judgments of how interesting, useful, and important the course content was
to them (6 items, o =.92);

2. Self-Efficacy for Learning and Performance — students’ perceptions of expectancy for success and
confidence in their ability to perform the learning task (7 items, a = .91);

SRL Strategies (adapted from the MSLQ); Pintrich et al, 1993):

3. Elaboration — students’ use of elaboration strategies (e.g., paraphrasing, summarizing; 5 items, o =
.87);

4. Critical Thinking — students’ use of critical thinking strategies (e.g., applying previous knowledge
to new situations or making critical evaluations of ideas; 5 items, o = .87);

Motivational Engagement (adapted from Wolters, 2003, 2004):

5. Procrastination — students’ level of academic disengagement or tendency to put off getting started
on the work required for their online course (5 items, a = .90); and,
6. Choice — students’ intentions to enroll in future online courses (4 items, o = .88).

The second part of the survey was composed of background and demographic items, including two

individual items that assessed students’ online technologies experience and previously completed online courses.

? The definition of self-efficacy used to develop the MSLQ’s self-efficacy scale is a bit broader than other measures, which
usually limit themselves to assessing confidence in one’s ability to attain designated types of performances and do not include
expectancy for success (see discussion in Duncan & McKeachie, 2005).



Results
Descriptive Statistics

Table 1 presents descriptive statistics for the eight variables measured in the present study. As indicated,
five of the six subscale variables (i.e., task value, self-efficacy, elaboration, critical thinking, and choice) had means
slightly above the midpoint of the response scale (5.63, 5.87, 5.62, 5.14, and 4.57, respectively) and standard
deviations ranging from 0.92 to 1.73. Additionally, all five variables showed a slight negative skew. On the other
hand, descriptive statistics for the procrastination variable indicated a mean just below the midpoint of the response
scale (3.32) and a standard deviation of 1.61. The frequency distribution for the procrastination variable had a slight
positive skew.

Group Comparisons: T Tests

Independent samples # tests were conducted to explore differences between undergraduate and graduate
students on the eight variables measured. To control the type I error rate, a Bonferroni adjustment was used (alpha =
.05/8 = .008). Results from these analyses, also presented in Table 1, revealed statistically significant group
differences on four of the eight variables. As hypothesized, graduate students reported higher levels of critical
thinking than undergraduates (p < .008; d = -0.68). Undergraduates, by contrast, reported having completed more
online courses in the past (p <.001; d = 1.38); more experience with online technologies (p < .008; d = 0.61); and
greater intentions to enroll in additional online courses in the future (p <.008; d = 0.84). Effect sizes for the four
statistically significant findings were moderate to large (Cohen, 1988).

.I\I-/Iae'::r?s1(8tandard Deviations) and Independent Sample t and Cohen’s d Statistics for the Eight Measured Variables
Group
Variable (%V:E?z”) Und(irg:ggl;ate C?;agia:\st)e t-Statistic Cohen’s d

Experience

Online Tech. Experience 5.98 (1.25) 6.36 (1.31) 5.63 (1.09) 2.76* 0.61

No. Completed Online Courses 3.37 (3.29) 5.13 (3.96) 1.77 (1.07) 5.13* 1.38
Motivational Beliefs

Task Value 5.63 (1.16) 5.81(1.16) 5.47 (1.14) 1.35 0.30

Self-Efficacy 5.87 (0.92) 5.65 (0.99) 6.06 (0.82) -2.02 -0.46
SRL Strategies

Elaboration 5.62 (1.23) 5.46 (1.36) 5.76 (1.09) -1.11 -0.25

Critical Thinking 5.14 (1.28) 4.71 (1.33) 5.53 (1.10) -3.03* -0.68
Motivational Engagement

Procrastination 3.32 (1.61) 3.75 (1.64) 2.92 (1.50) 242 0.53

Choice 4.57 (1.73) 5.28 (1.56) 3.93 (1.64) 3.80* 0.84

Note. Bonferroni adjustment was used to control for inflation of type | error associated with multiple comparisons: alpha = .05/8 =
.008. Cohen’s d = (M — M) / v [(0+2 + 6,°)/2]. The online technologies variable was measured on a 7-point Likert-type response
scale ranging from 1 (extremely inexperienced) to 7 (extremely experienced). The number of completed online courses ranged from
1 to 17. The remaining variables were measured on a 7-point, Likert-type agreement scale.

*p < .008.



Group Comparisons: Logistic Regression

Logistic regression was used to investigate the unique contribution of these differences in predicting
students’ group membership (undergraduate = 0, graduate student = 1). Using a hierarchical method, the
independent variables were grouped into four construct sets and entered into the equation as follows: Step 1,
experiential variables (online technologies and online learning experience); Step 2, motivational beliefs (task value
and self-efficacy); Step 3, SRL strategies (elaboration and critical thinking); and Step 4, motivational engagement
(procrastination and choice).

Table 2 provides a summary of the hierarchical logistic regression. As indicated, model fit statistics
improved with the addition of each construct set. In the final model, 93.9% of students were correctly classified (-2
log likelihood = 21.00; %* (8) = 92.48, p < .001), and the likelihood ratio R-square (i.e., the proportional reduction in
deviance produced by final model when compared to the null model; Menard, 2000) was large (.81). Additionally,
four variables were statistically significant predictors of group membership: online technologies experience (b = -
3.48, p <.05), online learning experience (b =-1.99, p <.05), procrastination (b = -1.59, p <.05), and choice (b = -

1.24, p <.05). The critical thinking variable approached statistical significance (b = 2.81, p = .058).

Table 2
Model Summaries for the Hierarchical Logistic Regression Predicting Group Membership (undergraduate = 0; graduate = 1)
Step 1 Step 2 Step 3 Step 4
Variables b SE OR b SE OR b SE OR b SE OR
Experience
Online Tech. -1.34* 041 026  -1.85* 058 016 226" 069 015  -348° 166  0.03
Experience
No. Completed 127" 031 028 -143** 037 024 -161™* 045 020  -1.99* 080 0.14
Online Courses
Motivational
Beliefs
Task Value -0.69 0.44 0.50 -1.24 0.67 0.29 -2.71 1.48 0.07
Self-Efficacy 1.67* 0.55 5.31 1.04 0.74 2.83 2.82 1.73 16.70
SRL Strategies
Elaboration -0.57 0.76 0.95 -1.01 1.76 0.37
Critical Thinking 1.63* 0.70 5.11 2.81° 1.48 16.67
Motivational
Engagement
Procrastination -1.59* 0.69 0.21
Choice -1.24* 0.53 0.29
Fit Statistics
-2 Log
Likelihood 60.67 47.82 37.04 21.00
Model Likelihood x x x xx
Ratio 2 52.81 65.66 76.44 92.48
Block Likelihood Jxx ok . *kk
Ratio 52.81 12.85 10.78 16.04
Model Likelihood
Ratio R2 .48 .58 .67 .81
0,
%o Correctly 86.6 86.6 89.0 93.9
Classified

Note. b = unstandardized regression coefficient; OR = odds ratio.
®Wald 5 test for the critical thinking variable approached statistical significance (p = .058).

*p <.05. **p <.01. ***p < .001.



Next, a logistic regression was conducted using only the four statistically significant variables, as well as
the critical thinking variable, as predictors of group membership. Table 3 presents results from this more
parsimonious, five-predictor model. As indicated, 91.5% of students were correctly classified (-2 log likelihood =
29.10; %* (5) = 84.38, p <.001), and the likelihood ratio R-square was large (.74). Moreover, all five variables were
statistically significant predictors of group membership: online technologies experience (b =-2.73, p <.01), online
learning experience (b =-1.71, p <.01), critical thinking (b = 1.74, p <.01), procrastination (b =-0.89, p <.05), and
choice (b =-0.82, p <.05).

Results from the final model with five predictors indicated that the odds of graduate student membership
were higher as one’s use of critical thinking strategies increased, and lower as one’s online technologies experience,
number of completed online courses, tendency to procrastinate in one’s current online course, and intentions to
enroll in future online courses increased. In others words, after controlling for experiential differences, graduate
students were more likely to use critical thinking strategies during online learning; whereas undergraduates were
more likely to procrastinate in their online courses and, paradoxically, were more likely to report wanting to take
more online courses in the future.

Table 3
Model Summary for the Logistic Regression Model with Five Independent Variables Predicting Group Membership (undergraduate =
0; graduate = 1)

Model Fit Statistics

i -2 Log Likelihood Likelihood % Correctly
Variable B SE OR Likelihood Ratio Ratio R> Classified
‘E)”"”‘? Tech. 273* 086 0.07

xperience
No..CompIeted A7 0.54 0.18
Online Courses
Critical Thinking 1.74** 0.66 5.70 29.10 84.38*** .74 91.5
Procrastination -0.89* 0.36 0.41
Choice -0.82* 0.34 0.44

Note. b = unstandardized regression coefficient; OR = odds ratio.
*p <.05.**p <.01. ***p < .001.

Discussion

Findings from this comparative study reveal that undergraduate and graduate students learning online differ
in a number of important ways. Taken together, results partially support the hypothesis that graduate students exhibit
more adaptive SRL profiles. Specifically, though less experienced with online technologies and learning, graduate
students reported greater use of critical thinking strategies and lower levels of procrastination. These latter
characteristics are consistent with effective academic self-regulation (Pintrich, 1999; Wolters, 2003). Interestingly,
undergraduates, who reported greater levels of procrastination in their current online courses, also expressed greater
intentions to enroll in future online courses. This paradoxical finding was not anticipated and may warrant further
investigation.

Implications for Online Instructors

Results from the present study suggest some preliminary implications for online instructional practice. In
particular, findings indicate that, as Greene and Azevedo (2007) have suggested, there may be a developmental
progression within academic self-regulation. With this result in mind, online instructors might consider providing
their undergraduate and graduate students with differential support; that is, different types and amounts of regulatory
guidance and scaffolding during online learning activities. Specifically, the following suggestions for online
instructional practice are provided:

1. Provide explicit instructional support and structure. Although, as this study revealed, undergraduates
may be more experienced with online technologies and learning, they may also require more explicit support and
structure from the instructor, as indicated by their lower levels of critical thinking and greater tendency to



procrastinate. Examples of explicit support and structure include reflective prompting aimed at helping students self-
monitor their understanding (Davis & Linn, 2000); clear and detailed syllabi and assignment instructions; and more
intermediate assignment deadlines to facilitate task completion (Liu, Bonk, Magjuka, Lee, & Su, 2005). In general,
these instructional tactics are designed to encourage learners to better regulate their own learning in online contexts
(McLoughlin, 2002) and to discourage their use of maladaptive academic behaviors, such as procrastination.

2. Develop students’ self-efficacy. Another approach to encouraging self-regulation and discouraging
procrastination is to address students’ self-efficacy for learning online. Research with college undergraduates in
traditional classrooms has indicated that students with higher self-efficacy tend to procrastinate less often than others
(Wolters, 2003). Thus, although undergraduates in the present study reported similar levels of self-efficacy as
graduate students, interventions aimed at promoting self-efficacy in online settings may be an effective means of
reducing procrastination. Two instructional strategies that have been known to enhance students’ self-efficacy for
learning in both traditional and online contexts include helping learners identify and set challenging, proximal goals
(Locke & Latham, 1990; Dabbagh & Kitsantas, 2004) and providing students with timely, honest, and explicit
performance feedback (Bandura, 1997; Bangert, 2004; Wang & Lin, 2007).

3. Encourage collaboration and co-regulation. Many models of self-regulation support the idea of external
regulation from teachers and peers as they provide modeling of and scaffolding for regulatory behaviors (Boekaerts
et al., 2000). In a collaborative online environment, this type of external regulation might be particularly effective.
For example, by requiring students to work together toward a mutual goal, online instructors can encourage students
to provide regulatory support for one another in the form of project planning, monitoring, and reflecting (Winters &
Azevedo, 2005). This type of collaborative regulation has been called co-regulation (Corno & Randi, 1999), and
research in traditional and hypermedia learning environments has revealed that, “under these circumstances,
students’ individual self-regulatory processes are mediated by the collaborative context in which they are learning”
(Winters & Azevedo, 2005, p. 193).

Of course, simply placing students in groups does not guarantee collaboration and co-regulation (Johnson
& Johnson, 1999). Instead, the learning environment must be intentionally designed to promote effective group
behaviors and to discourage maladaptive activities such as free-riding and social loafing (Kreijns, Kirschner, &
Jochems, 2003). Although a discussion of specific techniques for promoting effective collaboration is beyond the
scope of this article, these instructional methods have been detailed elsewhere in the computer-supported,
collaborative learning literature (see, for example, Hiltz, 1997; Johnson & Johnson, 1999).

4. Scaffold online discussions. A primary goal of online discussions is to encourage students to challenge,
reform, and synthesize their current views of knowledge through in-depth interactions with others (Garrison,
Anderson, & Archer, 2001). However, findings from numerous studies of online discussion forums have indicated
that students’ interactions are often quite shallow, and “rarely developed into a higher level of communication where
negotiation, co-construction, and agreement occurred” (Tallent-Runnels et al., 2006, p. 100). One possible
explanation for students’ shallow participation in online discussions is lack of guidance from the instructor. Thus, as
Christopher, Thomas, and Tallent-Runnels (2004) have argued, online instructors, like their counterparts in
traditional classrooms, must take greater responsibility for organizing and scaffolding their students’ learning within
these online discussions.

In the present study, undergraduates reported lower levels of critical thinking than graduate students. This
finding suggests that online instructors may need to provide additional scaffolding for these students in an effort to
enhance their use of critical thinking skills and other deep processing strategies. This type of supplemental
scaffolding in online contexts has been described by some as enhanced teaching presence (Anderson, Rourke,
Garrison, & Archer, 2001; Garrison et al., 2001; Shea, Swan, Li, & Picket, 2005). For example, during online
discussions, enhanced teaching presence might include some of the following teacher behaviors: setting the climate
for learning by modeling appropriate discussion posts; focusing the discussion on specific issues; encouraging,
acknowledging, and reinforcing student contributions; identifying areas of agreement/disagreement and seeking
consensus and understanding; adding information from diverse sources to a string of student posts; critically
evaluating posts and requesting clarification and elaboration where necessary; and diagnosing and correcting
students’ misunderstandings (Anderson et al., 2001; Shea et al., 2005). Ultimately, teaching practices such as these
that facilitate productive discourse may be necessary if online learners—particularly undergraduates—are expected
to engage their classmates in meaningful interactions, develop higher levels of critical thinking, and realize other
educationally worthwhile learning outcomes (e.g., reduced procrastination, improved persistence, and overall
satisfaction with online learning; Christopher et al., 2004; Liu et al., 2005; Shea et al., 2005; Whipp, 2003).



Limitations and Future Directions

One major limitation of the present study was the relatively small convenience sample utilized. Although
significant differences were found in respondents’ experience and components of their academic self-regulation, the
nature of the sample limits the extent to which these findings can be generalized to other university students. For
instance, it is possible that these results are unique to the individuals surveyed and the specific online contexts
investigated here (Shadish, Cook, & Campbell, 2002). Future research should include larger, more diverse samples
to improve the external validity of these findings.

Another limitation was the non-experimental nature of the present investigation. Specifically, it is unclear
whether the higher levels of critical thinking reported by graduate students actually represents a developmental
difference in these students when compared to undergraduates. Instead, these differences could have been the result
of different course requirements; that is, by their very nature, graduate courses may simply require students to utilize
more critical thinking strategies to successfully complete online learning activities. On the other hand,
undergraduate courses may not require this type of cognitive processing, thus allowing undergraduates to get away
with using more shallow processing strategies, such as rehearsal and rote memorization. If this is the case, then
differences observed in the present study may be less about developmental differences in self-regulation and more
about dissimilarity in the requirements inherent to graduate and undergraduate courses. That said, Christopher et al.
(2004) found that higher level discussion prompts (i.e., prompts that modeled a high level of critical thinking) had
no effect on the level of graduate students’ responses, as coded using a rubric developed from Bloom’s Taxonomy
of Learning. Clearly, more controlled research is needed to further clarify the differences detected here.

Finally, most of the instructional recommendations provided in this article require more empirical testing in
online environments to validate their efficacy. Future studies that utilize experimental designs might be especially
useful in exploring whether online interventions, such as adaptive scaffolding during online discussions, can
differentially impact undergraduate and graduate students’ use of critical thinking and other deep processing
strategies. The use of alternative research methods, such as content analysis of online discussion boards, could be
particularly useful in exploring these relations.

Conclusion

Notwithstanding methodological limitations, results from the present study suggest that undergraduate and
graduate students come to online courses with different levels of online experience and exhibit different levels of
self-regulation while learning online. Moreover, these findings suggest that faculty should closely consider their
online audience, as students’ experience, motivational beliefs, and self-regulatory competence should determine, in
large part, the type and amount of structure, support, and scaffolding teachers provide during online instruction.
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Promoting 21st Century SKkills through Integration of ICT in the Classroom
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Abstract

This presentation and associated paper focus on an education initiative that intends to help young
learners (aged 8-16) in communities where there is limited access to technology in homes and schools acquire
21% century skills. The presentation has three parts: the first part focuses on introduction of the Intel® Learn
program’s organization and content; the second part reveals the results of the program evaluations; and the third
part covers the lessons learned during the implementation and evaluation of such a technology integration project
in an emerging market. The results are quite promising. Although bureaucratic procedures, teachers’ old habits,
preconceptions and students lack of previous experiences have caused some problems concerning
implementation of the project, the Intel® Learn helped students acquire and/or improve technology,
collaboration and critical thinking skills. Both quantitative and qualitative data showed that students’ acquisition
of the technology skills exceeded the expected level and that they gained collaboration skills around the expected
level. However, the staff should work more to improve students’ critical thinking skills.

Introduction

Over the last decade, a growing number of experts, not only from field of education but also from
economics, politics, international relations and so forth, around the world has reached a consensus on a new set
of skills that are needed to be able to survive in the 21st century and on providing learners alternative learning
opportunities to learn more than just reading, writing, and arithmetic. The World Bank Group (2003) as well as
Partnership for 21st Century Skills (2003) suggests that learners need to acquire critical thinking, effective
communication, team work, continuous learning, and use of technology skills in order to help the global
knowledge economy and be productive world citizens. Additionally experts, such as Kozma (2005a), express
importance of a deeper understanding of core school subject including especially science, math, and technology
and innovativeness in every aspect of life. On the other hand, helping learners acquire these skills requires a
different instructional strategy then the traditional school approach that reflects not present day conditions but
the past. Problem-based, technology-enhanced, authentic learning opportunities are considered as today’s
instructional strategies (Jonassen et al, 2003).

Kozma ( 2005b) provided a list of significant outcomes of use of ICT in education, including
improving school attendance, deepening conceptual understanding in core school subjects, promoting wider
involvement in community developments. Similarly SRI International (2006) notes that “enabling children to
learn to use ICTs and ... creating optimal opportunities for children to develop a fuller set of 21st-century skills”
are the two main ways those promote 2 Ist-century learning (p. 3). According to SRI International ICT
integration programs should be designed carefully and provide authentic pathways to help novice learners find
opportunities to gain 21st-century skills.

Various projects that intended to help learners acquire these skills have been suggested, such as the
Partnership for 21* Century Skills, Skills: Getting on in Business, Getting on at Work, the Intel Education
Initiative, etc. The Intel® Learn Program is one of these projects.

Intel® Learn Program

The Intel® Learn is an informal after-school program, designed for helping young learners (aged 8-16)
in communities where there is limited access to technology in homes and schools acquire skills necessary to
compete in the 21st Century: (1) technology literacy, (2) problem-solving skills and other forms of critical
thinking, and (3) peer-to-peer collaboration. The program consists of a series of hands-on activities and projects
that require children collaborate with fellow learners to accomplish authentic tasks, such as designing and
developing a strategic action plan for the future of the learners’ own community, or for the possible future
disasters in their region, and so forth. The Intel” Learn Program is part of the Intel Innovation in Education
initiative, requires collaboration with local public and private educational agencies. After completing an
evaluation of the program pilot in China, Israel, Mexico, and India, the Intel® Learn program has been expanded
to some other countries including Egypt, Turkey, Brazil, and Russia.

In Turkey, the Intel” Learn Program has been implemented in public schools since 2005. The Ministry
of National Education (MEB) provides staff and logistics while Intel Foundation along with its partner
institutions, such as the Institute of Computer Technology (ICT) and BilgeAdam, administer the program. After
receiving training from BilgeAdam and MEB trainers, participant teachers offer the course as an after school
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program. Up to January 2007, total 200 public school teachers were trained to put into practice the program in
their schools. Around 180 teachers out of 200 offered the Intel® Learn in their schools at least one time (a batch)
and trained more than 4000 students in 30 different provinces of the country.

Effectiveness of the staff (teacher) trainings and the implementations in schools has been evaluated by a
local of research organization (a third party along with MEB and Intel). The researchers in this organization have
collaborated with the Center for Technology in Learning at SRI International that is a private for-profit
organization specialized in evaluation and research, to conduct the evaluation.

This paper gives details about the evaluation of the Intel® Learn Turkey Program. The reporting of data
and results is organized into three sections. The first section elaborates the data collection. The second
summarizes the findings on the following aspects of the program: (1) participation, (2) staff training, (3)
usefulness of course materials, (4) learning outcomes, (5) staff-learner interactions, (6) program structure and
organization, and (7) scale-up and future. The third section consists of our comments and recommendations
about the effectiveness, efficiency, appeal and sustainability of the program.

Data Collection

A mixed method approach has been employed for the evaluation. Four survey instruments and two
control lists helped researchers to collect quantitative data while semi-structured interviews with the teachers,
school administrators, students and families, and class observations provided qualitative data. At the end of each
staff training participant teachers were asked to fill out the End of Staff Training Survey. They were also asked
to complete the Attendance Form, the Sample Works Form and the End of Education Survey. Additionally, they
were required to send at least 15 works created by learners during each implementation. The evaluation team
used a rubric (control list) to assess the quality of learners’ works they received form the teachers and an
observation log (another control list) to see how the program was working for the learners in accomplishing the
project’s goals (promoting technology skills, higher-order thinking, collaborative capabilities).

The evaluation team has collected quantitative data from total 114 teachers (out of 200) during July
2005-January 2007. The team also conducted 15 site (school) visits during this period. These visits help the team
observe use of curriculum materials, staff-learner interactions, learner-learner interactions, and learning
outcomes. They also created opportunity to conduct interviews with teachers, students, school administrators and
families focusing mainly on their perceptions of the effectiveness, appeal and organization of the project.

Results

This section provides evaluations regarding seven different aspects of the program: (1) participation, (2)
staff training and support, (3) course materials, (4) learning outcomes, (5) staff-learner interactions, (6) program
structure and organization, (7) scale-up and future.

Participation

According to the quantitative data collected via online version of Form 2: Attendance, total 9440
students completed the program. During site visits and phone calls evaluators noticed that staff had difficulty to
find students for the program. There were two major reasons for this difficulty both of which related to the time
of the implementations: the first, during summertime many parents preferred to send their kids to either their
hometowns where grant parents and other relatives live or tourism places near sea shores; the second, during the
summer time religious programs are offered to the same age group and according to the staff as well as local
center administrators a great number of parents chosen to send their kids to these courses rather than Intel Learn.
The staff and administrators also mentioned that the reason of this preference had nothing to do with the program
but parents’ perception that kids will anyway learn these skills (promised by the Intel Learn) in their classes
during the school time but they cannot learn their religion and its rules in schools. Another important point
evaluators found out during our visits that allowing students play online games in the class during the breaks is
an important motive to improve the participation. Some students were looking forward to play games but at the
same time they were aware that they had to complete their activities and project in order to play games. This
motive helped them acquire the skills the Intel Learn offered. Finally evaluators would like to state that the
program attracts an important attention from students all over the country but its timing should be arranged better
to be able to reach more students.

Staff Trainings and Support

Evaluators’ observations, interviews, and the results of Form 1 (End of Staff Training Survey) and
Form 4 (Final Survey) show that staff trainings are big success. Up to now 362 teachers have been trained in the
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program. The trainers got quite an experience so that they are able to handle any situation happens during
trainings. As usual, the staff feels a little bit confused during the first day and the following but later they
appreciate the effort put into this training and try to get more insight about the program. On the other hand
supporting trained staff after the training was problematic in previous years. The majority of staff left alone with
the students due to organizational problems. Although it was not enough, the only support they could find was
from other staff. However, MEB along with the Intel project coordinator developed a new model and had a new
agreement concerning flow of information and support. So, now the staff are be able to get enough support not
only from trainers and MEB representatives but also from the project coordinator. According to this model there
is a local MEB representative who is coordinating the information flow between all parties. On the other hand,
evaluators still think that an online community of practice approach should be employed to be able to provide
efficient and effective support. An online portal designed and developed by volunteer staff and supported by
MERB, Intel representatives, the project coordinators and evaluators might help establishing a better interaction
among staff and other parties, and information and experience sharing. This environment will work better if the
staff feel comfortable in it; therefore, it should be created either by themselves or by Intel.

Course materials

Evaluators’ observations, interviews, and the results of Form 4 (Final Survey) reveal that course
materials are well designed for the program. The staff as well as students indicated that they found all the
required information in their books. However, skills book is a little bit hard to handle especially for younger
students. An online version of it might work better. Additionally, in previous observations the staff were
complaining about inappropriateness of some of the activities but during the last visits evaluators did not receive
any such complains. Also, the staff stated that those parents who saw especially the skills book expressed their
appreciation and wish to get a copy of these materials to be able to use at home.

Learning Outcomes

Each member of the evaluation team strongly agreed that the Intel Learn definitely help learners acquire
the technology, collaboration and critical thinking skills but in different ratios. The program helps students
develop technology skills. However, despite the developments, students are not able to develop collaboration and
critical thinking skills in a satisfactory level. One of the main reasons of this problem was that these skills were
not promoted before and unfortunately are still not in some classes even though new MEB curriculum focuses on
these skills. Since staff and students were not accustomed to problem based collaborative learning, some of them
had difficulty to adapt this approach required in Intel Learn Program which in turn affected the outcomes. On the
other hand, evaluators’ observations showed that after first and second batches, staff were getting more used to
this approach of teaching and implementing the program as it is planned. Students of these staff also
demonstrated better collaboration skills and creative thinking examples during evaluators’ observations. In an
interview with one of the staff she mentioned that she has a daughter a few years younger than her students in the
program. Her daughter joined her class everyday because she did not have any place to leave her during summer.
One day at home she told her daughter to do her homework and her daughter told her that ... why I do not have
any partner. It is so easy to do the job when you have a partner and I can do better homework if I had one”. The
staff was shocked and asked her where she learnt all these. Her daughter’s answer shocked her more: “I know
because sister Ceylin [the names have changed] was working alone during the beginning of the school [the
program batch] and her works were very bad although she had good ideas. But later she started to work with
Selim who was better with computers and after that their works were the best.” So, this case is good evidence
that the program help learners gain the required skills if it is implemented as it is foreseeing. Evaluators all
agreed that experience made a difference in learning outcomes of the program. In sum, students took better
technology skills, collaboration and problem solving skills with them from the program.

Student and Staff Interactions

Same as learning outcomes, although staff bring their past experiences and habits into the program
implementations, the experience help them get better in guiding students rather than teaching. Evaluators
observed positive and negative examples of the staff-students interactions. For instance, in a center,
unexpectedly a young staff, after his student asked, started to show how to change the color of a clipart on the
computer rather than directing his student to skills book or other students. Later during the interview he indicated
that the best way to learn a skill was watching the correct demonstration first. Evaluators tried to convince him
about the exploratory learning philosophy of the program but evaluators could not succeed it. Also in another
center, evaluators came across a chaotic situation in the class and the staff was not there. Evaluators found him in
another room talking with other teachers. Evaluators noticed that he was not really motivated about the program
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and so he was trying to fulfill the requirements of the program but had no intention to encourage students to
explore and discover. He was leaving students alone and providing almost no guiding. He was an
older/experienced teacher. During the interview he complained us about the money they got for this project and
expressed that the project actually does not bring anything new for them and they have already been implying
the same (problem based collaborative learning) approach in his classes for years. On the other hand, evaluators
met another staff via emails. He was quite old as a public school teacher but was very enthusiastic about the new
role he had to play in the class and looked forward for the opportunities to encourage students to ask questions
and seek for their answers. He wrote us that he was giving a small prize such as a candy bar to the student who
asked the best and most useful question. He also mentioned that he was thinking about retirement before the staff
training. In fact he went to staff training to relax and spend several days out of his daily duties and environment.
But starting from the training he felt the difference of the program that helped him remember something he lost
years ago: the joy of helping students learn. Now, he is not thinking of retirement. Similarly in a center located
underdeveloped part of Istanbul both of the staff were having hard time to ignore the students’ request for direct
demonstration of the tasks they are supposed to do. One of them had to yell students and told students that the
first student who come her to ask direct demonstration of a task before going to her/his friends and/or checking
the skills book was going to get the penalty of standing still at the corner of the class for at least 15 minutes. She
actually did not apply this penalty to any students. In the light of these observations and more evaluators
conclude that staff even with a few instinct motivation performs better than those who do not have any even
though you try to provide as much as you can to motive. So that during the staff selection the project coordinator
and MEB must be more careful.

Program Structure and Organization

In terms of instructional structure and organization, evaluators have not came across any problem and
almost all the staff, MEB representatives and students find the program successful. However evaluators noticed
several problems in terms of project management especially first half of this year. Almost all these problems
related to the bureaucracy. For instance it took quite a while to find a way to pay some money to the staff
involved in the program. Another problem that affected our data collection efforts was the information flow
especially between MEB and the staff. MEB could not establish a healthy system to learn which staff was
implementing the program when. But after attaining local MEB representatives, all the parties including
evaluators are getting timely and enough information. In addition organizing all the staff trainings in one center,
Ankara was a very appropriate decision. All the staff had chance to meet with MEB upper level administrators
and Intel representatives. This helped them to understand the importance of the program for MEB. Evaluators
definitely recommend organizing all the future trainings in Ankara if it is possible.

Scale-up and Future

MEB representatives and the project coordinator mentioned that some of the staff who joined the staff
trainings will work as trainers and offer staff training in local provinces in 2007. Although this organization
might help to train more staff, evaluators are not sure how effective those trainings would be. But of course this
is just a feeling and this organization might work fine. Evaluators think that an online or blended version of staff
training might be better. Also, establishment of an online environment where all the staff can came together and
share their experiences and feelings might help to develop the sense of community and connectedness among
staff. This might increase their commitment to the program and in turn might affect their performance positively.
This sort of an environment also may help us establish a better interaction and get better insight about their
feelings. This environment should also work for presenting the students works.

Additionally, mostly through the enthusiasm of some of the staff such as Ali Bilgi news about the
implementation of the program take place in local newspapers. Especially, one news had a very impressive title:
“They are still in classroom but never complain never bored”. Evaluators think that these kinds of news along
with MEB representatives’ positive attitudes toward the program create a positive impression about the program
and provide public support and recognition.

Conclusion

The results are quite promising. Although bureaucratic procedures, teachers’ old habits, preconceptions
and students lack of previous experiences have caused some problems concerning implementation of the project,
the Intel® Learn helped students acquire and/or improve technology, collaboration and critical thinking skills.
Both quantitative and qualitative data showed that students’ acquisition of the technology skills exceeded the
expected level and that they gained collaboration skills around the expected level. However, the staff should
work more to improve students’ critical thinking skills.
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Hybrid classes with flexible participation options — If you build it, zow will
they come?

Brian J. Beatty
San Francisco State University

Abstract

This presentation reports on the participation patterns observed in four graduate courses offered at a large,
urban, public university in 2006-2007. All courses were taught by the same instructor. This instructor has been using
hybrid teaching methods for more than a decade at several levels of public education, and recently developed a
hybrid course design encouraging flexible student participation patterns — the HyFlex course. All students in this
study were enrolled in a graduate program in Instructional Technologies leading to a Master of Arts degree. In each
course, a mix of face-to-face and online students used a course website (hosted in an open source Learning
Management System) to share files, access course information, review past class discussions in various formats, and
engage in occasional topical discussions. In addition, online students had the option to participate in live online
sessions using a synchronous web conferencing tool. All students were invited to participate either in face-to-face
sessions or through online activities in any given week of the semester, depending on their needs and desires.
Student participation mode (in-class or online) did vary considerably from week to week in each course. Most
students reported that they valued in-class activities and static website resources more than synchronous online
sessions or multimedia archives of synchronous (in-class or online) activities. Students felt a strong connection to
the course instructor, and most students reported that they met or exceeded their learning expectations. The paper
includes a sample of student comments regarding the HyFlex course experience, with a link to raw (aggregate)
survey data.

Introduction

The kaleidoscope of teaching and learning continues to shift as instructional technologies evolve and
revolutionize the instructional landscape. Currently, the growth in the use of online technologies to support and
grow communities — social networks of people with a common interest — has led to an increased use of social
networking technologies in education and training. In addition, the rush to develop online-only courses and
programs in public U.S. universities seems to have abated somewhat, as the economic realities of limited online
enrollments, expensive course development costs, and constricting state budgets for public education have replaced
promises of masses of distant students paying dearly to attend [fill in the blank]’s latest degree program (Zemske
and Massy, 2004). The “HyFlex” course design was developed to meet the needs of a graduate program to attract
and serve distance learners without creating online-only course sections or stand-alone e-learning substitutes.
(Beatty, 2006)

What is HyFlex?

Hybrid — combines both online and face-to-face teaching and learning activities
Flexible — students may choose whether or not to attend face-to-face sessions ... with no
“learning deficit”

The HyFlex course design was developed through a formative research process (Reigeluth and Frick, 1999)
and introduced in 2005-2006 to meet the needs of the Instructional Technologies program at SF State to include
online students in courses being taught in on-campus classrooms. In HyFlex courses, a mix of face-to-face and
online students learn together as they use a course website to share files, access course information, review past
class discussions in various formats, and engage in occasional topical discussions. (See table 1.) In addition, online
students may have the option to participate in live online sessions using a synchronous web conferencing tool. All
students are invited to participate either in face-to-face sessions or through online activities in any given week of the
semester, depending on their needs and desires.

The Learning Management System (LMS) in use at this university, iLearn (a Moodle derivative), enables a
dynamic teaching and learning setting where the artifacts from the learning activities of face-to-face students (such
as audio recordings) can become “learning objects” for online students, and the artifacts of online students (such as
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discussion forum posts and chat transcripts) can likewise become learning objects for face-to-face students. (See
figure 1.) Because of the seamless nature of this sharing of course content, resources, and even some activities, there
is the potential for students to cross over from one participation mode to the other (and even back again) without a
major disruption in the “flow” of their learning processes during the semester. (Note: The HyFlex courses used in
this study were developed for in-class teaching setting, but are under constant evolution as the instructor learns
more about hybrid teaching and learning modes.) Since this way of teaching requires extra instructor preparation
and involvement throughout a teaching week, an important question is, (how) do students benefit from this flexible

approach to participation?

Table 1. Comparison of in-class and online participation for a sample week in ITEC 801 course

ITEC 801 Week 2: Needs and Performance Analysis

Agenda for in-class participation:

1. History of ISD — Where did it come from? (30
min)
Whole class discussion of Reiser article

2. A Brief Overview of Instructional Systems
Design — the process perspective (30 min)

Review of Chapter 1, recap of Week 1 discussion

Break — peruse sample final projects from
archives

3. Needs Analysis Theory (Chapter 2) (45 min)
Performance Analysis

Needs Assessment

Job Analysis

Instructional Goals

4. Choosing a design project topics — discussion
(30 min)

EXTRA: Try the quiz! "Assessing Performance"
Remember, the quiz is designed to help you
decide how well you are learning and
remembering some of the main concepts your text
and our class discussions have been covering.
(quizzes are optional, not graded, and can be
taken as many times as you like)

Agenda for online participation:

1. Read chapter 1 in text - A Brief Overview of
Instructional Systems Design

2. Read chapter 2 in text on Needs Analysis Theory.
As you read, consider the context for your design
project. (Review Week 2 presentation slides/notes
posted to site.)

A. Post to the "Needs Analysis Components"
discussion
B. Post to the "Instructional Goals" discussion

3. Review sample design project reports - posted
online in the "Sample Design Reports" folder.
(These samples are located in the Week 3 space in
iLearn.)

4. Post your ideas for a design project to the
"Project Topics" forum. (This forum is located in
the Week 3 space in iLearn.)

5. Post your weekly reflection.

EXTRA: Try the quiz! "Assessing Performance"
Remember, the quiz is designed to help you decide
how well you are learning and remembering some
of the main concepts your text and our class
discussions have been covering. (quizzes are
optional, not graded, and can be taken as many
times as you like)

For next week (this is the same for all students):

Read Textbook: Chapter 5 — Learner and Context Analysis

Assignment Due: Reflection post (iLearn)
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Figure 1. Screenshot from SF State’s iLearn LMS of a sample week in ITEC 801 course

2 ]
Session 2: Needs and Performance Analysis, Human Performance Technology

Quizzes for Review and Fun - ** optional

I1SD Foundations
Analyzing Performance

If you attend class in-person:
Week 2 Agenda (in-class session)

If you attend class online (you do not come to class meeting):
Week 2 Agenda (for online participants)

_:fé Needs Analysis Components

[ Instructional Geals

Resources for in-class AND online activities:
Discussion slides from class: History of ID (class notes included)

@Audio archive: Discussion History of ID; Session 2: Fall 2007 (.m4a file - plays in
QuickTimel/iTunes)

@ Elluminate Live! Class Session from Feb 5, 2007
Analyzing Performance and Assessing the Need for Training (Week 2)

@Audio archive: Discussion Performance/Meeds Analysis; Session 2: Fall 2007 (.m4a file - plays in
QuickTimeliTunes)

x| Performance Analysis and Need Assessment Presentation movie (slides + audio)
@] Theory into Practice Database (TIP)
Human Performance Technology Resources and Links

Return to top | wk1 | wk2 | wk3 | wkd | wk5 | wkB
whk? | wk8 | wk9 | wk10 | wk11 | wk12 | wk13 | wk14 | wk15

HyFlex Course Design Principles

The HyFlex course design is built around four fundamental principles: Learner Choice, Equivalency,
Reusability, and Accessibility. I believe that these principles are important in all instances of effective HyFlex
course implementations, and may be considered “universal” principles (Reigeluth, 1999).

Learner Choice: Provide meaningful alternative participation modes and enable students to choose
between participation modes weekly (or topically). The primary reason a HyFlex course design should be
considered is to give students a choice in how they complete course activities in any given week (or topic). Without
meaningful choice, there is no flexibility ... and therefore no HyFlex. This requires that an instructor value
providing participation choice to students more than s/he values forcing everyone into the “best” way of learning a
set of content.

Equivalency: Provide equivalent learning activities in all participation modes. All alternative participation
modes should lead to equivalent learning. Providing an alternative approach to students which leads to inferior
learning “by design” is poor instructional practice and is probably unethical. Equivalency does not imply equality,
however. An online learning experience (i.e., asynchronous discussion) may turn out to be much less socially
interactive than a classroom based discussion activity. In each case, however, students should be challenged to
reflect upon learning content, contribute their developing ideas to the discussion, and interact with the ideas of their
peers.

Reusability: Utilize artifacts from learning activities in each participation mode as “learning objects” for
all students. Many class activities which take place in classrooms can be captured and represented in an online-
delivered form for online students. Podcasts, video recordings, discussion transcripts or notes, presentation files and
handouts, and other forms of representation of in-class activities can be very useful — both for online students and
for classroom students wishing to review after the class session is finished. In a similar way, the activities completed
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by online students, such as chats, asynchronous discussions, file posting and peer review, etc. can become
meaningful learning supports for in-class students as well as provide useful review materials for online students.
And indeed, artifacts from some learning activities, such as, glossary entries, bibliographic resource collections, and
topical research papers, could become perpetual learning resources for all students in future courses as well.

Accessibility: Equip students with technology skills and access to all participation modes. Clearly,
alternative participation modes are not valid alternatives if students cannot effectively participate in class activities
in one or more modes. If a student is not physically capable of attending class, then in-class participation is not an
option for that student. If a student does not have convenient and reliable Internet access, then online participation
may not be a realistic option for that student. Students need the technologies (hardware, software, networks) and
skills in using technology in order to make legitimate choices about participation modes. It may be incumbent upon
an instructor or academic program to provide resources and extra training to students (and instructors) so that
flexible participation is a real option.

Another key aspect of accessibility is the need to make all course materials and activities accessible to and
usable for all students. For example, audio or video recordings should include text transcripts or be closed captioned,
web pages and learning management systems must be “screen reader friendly”, and all forms of online discussion
should meet universal design guidelines for accessibility. As more students with varied learning-mode abilities enter
graduate programs and public, regulatory and legal pressures for universal design for accessibility increase, this
aspect becomes increasingly important.

Study Questions

The questions this study attempts to answer for the HyFlex course delivery context are, When given the
option to choose between online and face-to-face participation modes, which method do students choose? Why do
they choose one method over another? When do they change their participation pattern, and why? Do their
participation mode preferences change over the course of a semester? Are students satisfied with their interactions
and learning in a HyFlex course? Answering these questions will help faculty choose a more effective mix of
instructional options (overall class participation modes, online and face-to-face activities) to meet the needs and
desires of their students.

Method

Course participation data was gathered during the Spring 2007 semester in four Instructional Technologies
courses taught by the author. This data is either typical attendance information (who came to class, who did not,
etc.), or evidence of online participation captured through the iLearn Learning Management System, usually
measured by discussion forum participation. Online participation data includes participation frequency and quantity.
One end-of-semester survey was used to assess student participation intentions and perceptions. Completing the
survey was voluntary. The survey was available for one week after the last in-class meeting of the semester. Thirty
four of 44 students (four students were enrolled in at least two of these classes) completed the survey, including 13
of the 15 students registered in the “online-only” section of ITEC 801, 801.02. Table 2 lists the questions asked in
the survey.

For the participation part of this study, the analysis consisted of counting the frequency and amount of
student participation online, and counting the frequency of class attendance. This data was entered into a
spreadsheet for comparison and graphical analysis. Table 3 (in Results section) summarizes course participation for
all four courses.

For the student satisfaction part of this study, survey results were tabulated and entered into a spreadsheet
for comparison and graphical analysis. This analysis produced general answers to questions about student rationale
for participation choices, changes in participation mode or amount, and student satisfaction with various components
used in each course. (Note: Rigorous statistical analysis of survey results was not attempted, but is planned for
future surveys. The survey instrument with tabulated aggregate data can be accessed at the HyFlex Course Design
website: http:/itec.sfsu.edu/hyflex/hyflex_home.htm)
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Table 2. End-of semester survey questions (Note.: answer format has been changed to conserve space)

1. Please select which course(s) you were enrolled in during Spring 2007.
ITEC 801.01 (face-to-face: Monday night); ITEC 801.02 (online section: Wednesday night); ITEC 850; ITEC
865

2. Which mode of participation did you plan on using during the semester?
face-to-face only; online only; a mix of online and face-to-face

3. How far is your commute to SF State? 0-5 miles; 6-20 miles; 21-50 miles; greater than 50 miles; Other:

4. On a typical class day, how long does your commute to class take? Please include time to find parking and
walk to class.

0-30 minutes; 31-60 minutes (one hour); 61-90 minutes; 91-120 minutes (two hours); more than two hours;
Other:

5. How many OTHER HyFlex courses have you taken in the ITEC program? Do not include classes completed

this semester.
0 (none); 1 (one); 2 (two); 3 (three); 4 (four)

6. Please rate the value of each type of learning resource used in this class to your learning experience. What was
valuable to you? What was of little or no value? (Note: each element is rated from Very High to Very Low)
Face-to-face discussions; Face-to-face presentations; Online asynchronous discussions; Archived discussions
from class meetings; Online synchronous sessions; Archived Eluminate Live! Sessions; Website links; Linked
readings

7. Please indicate how "connected" you felt to the following during class this semester. Compare this class
experience to other recent class experiences. (Note: each element is rated from Very Strong to Very Weak)
Peers; Instructor; ITEC Program; SF State

8. I feel that I learned as much or more than I expected to in this class.
Strongly Disagree; Disagree; Undecided; Agree; Strongly Agree

9. I wish all of my courses were available (pick one):
fully online; complete in-person; blended (instructor decides what is online and what is face-to-face); HyFlex
(hybrid with flexible participation); on CD-ROM for independent study; Other:

10. Please comment on your participation throughout the semester. Did you vary your mode from face-to-face to
online or vice versa? If so, why? Did you prefer one mode over the other? If so, why?

Results

Part A of the Results section reports student participation patterns: aggregate for all courses, broken out by
course and by individual student. Part B of the Results section reports selected findings from the end-of-semester
student survey of participation and satisfaction with their HyFlex experience.

Part A: Student Participation Patterns
In Spring 2007, the author taught four courses, ITEC 801.01 and 801.02 (two sections of the same course,
Instructional Systems Design), ITEC 850.01 (Design and Management of Training Projects), and ITEC 865.01 (E-

Learning Development). Of the four courses, ITEC 801.01 and 801.02 were identical except that 801.02 was listed
in the course catalog as an online course. Students were alerted ahead of time that even if they registered for ITEC
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801.02, they would still be welcome to attend 801.01 in person if they desired. Table 3 shows summary data for
overall average weekly participation mode for each of the four courses.

Table 3. Spring 2007 Student Participation Mode Summary

Course Enrollment | Attendance (weekly ave | STD over the semester)
(N) in-class online absent

801.01 (in-class) 15 7.20 | 4.69 5.07 | 4.01 2.6711.50

801.02 (online) 13 1.13]1.41 8.931.98 2.8711.68

850.01 10 2.3811.98 1.93|2.46 0.21]0.43

865.01 10 7.8512.85 1.15]2.03 1.00]1.35

Looking at the summary data, it is clear that in all courses, students took advantage of the HyFlex flexible
participation option, with several students in each course using an alternative option (online for an in-class course, or
in-class for an online course) each week. Not surprisingly, the greatest variation in participation mode was for the
801.01 course since there were both in-class and online course sections for 801. In 850 and 865, participating online
often meant being the only online student, or being one of only two or three students interacting online in any
particular week.

Individual Student Participation

In 801.01, the in-class section of the ISD course, there was at least one student participating online each
week. Two class sessions were conducted only online, in part to ensure students had the basic skills to survive in the
online participation mode. All but one student chose to participate online at least one more time during the semester.

In 801.02, six of 13 students never came to class in person during the semester. More than half of the
students (seven of 13) exercised the option of coming to class to participate in-person at least once, but none more
than 5 times (one student came to class 5 times, one came 4 times, one came 3 times, one came 2 times, and 3 came
only once).

In 850.01, one week of the course was conducted completely online. All but two students (80%) chose at
least one more week to participate online during the semester. Three students (30%) chose online three additional
times (beyond the required one online week), three (30%) chose online two additional times, and two (20%) chose
online one additional time.

In 865.01, students were never required to participate online during the semester, and three students (30%)
came to class every week. Two students (20%) chose online three times, three (30%) chose online twice, and one
chose online once.

Part B: Student Survey of Participation and Satisfaction

The end-of-semester survey asked students about their participation preferences, details about their
commuting time and distance from campus, satisfaction with their learning, with the HyFlex course design, and their
feelings of “connectedness” to various components of the learning community, and their valuing of various
instructional resources used in the course. In this paper, I summarize the findings related to instructional resources,
feelings of connectedness, satisfaction with learning, preference for course design, and overall satisfaction with their
HyFlex participation experience.

Item 6 of the survey asked students to evaluate eight types of instructional resources provided in each class.
(See table 4.) The four elements valued the most (ranked very high or high) from students were face-to-face
discussions (23 of 34), presentations (26 of 34), website links (26 of 34), and linked readings (30 of 34). Essentially,
these are in-class resources and online “expert” non-interactive resources. The interactive online resources were
valued by less than 50% of the students, in comparison.
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Table 4. Selected Student Survey Results

6. Please rate the value of each type of learning resource used in this class to your learning experience. What
was valuable to you? What was of little or no value?
Number of Responses

Very High High  Neutral Low  Very Low
(s0-s0) (or did not access)
Face-to-face discussions 17 6 5 0 6
Face-to-face presentations 16 10 3 0 5
Online asynchronous discussions 8 9 14 3 0
Archived discussions from class meetings 5 10 11 4 4
Online synchronous sessions 6 16 6 2 2
Archived Elluminate Live! Sessions 4 4 10 3 12
Website links 15 11 7 1 0
Linked readings 14 16 4 0 0
Totals 85 82 60 13 29

7. Please indicate how "connected" you felt to the following during class this semester. Compare this class
experience to other recent class experiences.

very strong strong neutral weak  very weak
Peers 6 14 8 6 0
Instructor 10 19 5 0 0
ITEC Program 3 12 11 4 4
SF State 1 10 10 8 5
Totals 20 55 34 18 9

8. I feel that I learned as much or more than I expected to in this class.
Number of Responses Response Ratio

Strongly Disagree 3 8.82%
Disagree 0 0.00%
Undecided 4 11.76%
Agree 17 50.00%
Strongly Agree 10 29.41%
9. I wish all of my courses were available (pick one):

Number of Responses Response Ratio
fully online 1 2.94%
complete in-person 4 11.76%
blended (instructor decides what is online and what is face-to-face) 8 23.53%
HyFlex (hybrid with flexible participation) 20 58.82%
on CD-ROM for independent study 0 0.00%
Other** 1 2.94%
** UNDECIDED

Item 7 asked students to evaluate their feelings of connectedness to their peers, the instructor, the ITEC
program, and SF State University. (See table 4.) Connecting to others is often a particular challenge in online
courses, and a lack of feeling connected contributes to attrition in online courses and programs (Kemp, 2002; Rovai,
2002). Blended courses which implement a mix of in-class and online instruction may improve the sense of
community (Rovai and Jordan, 2004), leading to feelings of greater connectedness. In the end-of-semester survey,
students reported feeling strongly (marking “very strong” or “strong”) connected to the instructor (29 of 34) and to
peers (20 of 34), but did not report feeling strongly connected to either the ITEC program or SF State in general.

Item 8 asked students whether or not they agreed with a statement about learning as much as they expected,
and 80% (27 of 34) reported that they agreed or strongly agreed.
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Item 9 asked students what type of course delivery they preferred. A majority of students (59%) preferred
the HyFlex course, many preferred another form of hybrid course, instructor-controlled blended (24%), and most of
the rest preferred traditional classroom instruction (12%). Only one student preferred online-only course delivery.
This result indicates that these students value the face-to-face components of traditional classroom instruction,
perhaps the social connection they experience with peers and the instructor, and the immediacy of rich interaction
that is enabled in the classroom but is difficult to achieve online. But what did they say about the HyFlex course
experience, when they were free to use their own words? Some of those comments are presented next.

Student Comments about HyFlex

The final survey question asked students to comment on their participation over the semester. Most
comments expressed satisfaction with the flexible participation options; many students mentioned the aspects of
each mode of class that they especially liked or disliked. A sample of students comments (as submitted in the
survey) is presented here. (Full comments can be viewed at the HyFlex design website.)

I did online mostly and caught the tail end of class when I could. I missed seeing and
interacting with my peers face to face. online was a great deal of work and I found I
needed to really manage my time. Office hour participation , listening to archived class,
reading other student forums, posting my own forums, responding with coherence,
spelling grammar... wow. office hours time was made to seem optional. I felt it was key
and would have liked to see more people there and used more robustly to share projects,
get feedback and have a class. It was good to get to know the program. Sharing papers
with people online for feedback didn't work so much. people didn't know what to give for
feedback. I can't believe how much I have learned.

I enjoyed the hyflex mode of learning based on my very demanding schedule for work.
As a consultant, I travel almost 4-5 days per week, and having the ability to attend or not
attend class was very helpful.

With a hectic work schedule, having the option to "attend" class online was ideal. The
flexible structure kept me from dropping the course.

I took two courses in this mode this semester, and my participation varied more in one
than the other. Within a large class, the HyFlex approach is really useful because there is
the sense that there will be a community to participate with in either modality. Therefore,
I switched from online to face-to-face pretty regularly. Often, I made my choice based on
what was going on for me that week (was I prepared for face-to-face session early in the
week?) or the content of that week's lesson (am I going to fully understand this topic on
my own?). I felt more comfortable participating online when I was confident about my
knowledge for the week, and was just looking to peers to further develop that
understanding. In contrast, in a small class, I was reluctant to participate online because I
was unsure whether or not there would be someone to participate with, or enough of a
dialogue to make the experience valuable. I only participated online once, outside of
when the whole class was online, and it wasn't a dramatically different experience than if
I had just skipped class for the week. I wouldn't recommend the HyFlex course for small
classes, unless there is a more structured activity aside from discussion that one could do
for the week.

My participation has been about the same with online and in-class. This was my first time
having (the option of) an online class. Being online gave me more flexibility with my
work schedule, but I still needed to have some face-to-face peer work and discussions,
especially regarding the materials we read and talked about. I don't think I think that i
prefer being in class. I benefit more with being engaged, or even just listening to a
discussion, but the availability of doing some of the work online really helped me.
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Throughout most of the comments, students expressed an overall preference for traditional in-class
meetings, especially the social nature of the seminar classroom. However, they also often expressed appreciation for
the flexible nature of participation so that their studies could more easily integrate into the rest of their busy lives.

Conclusions

If you build it (the online options for traditional classroom-based courses) they will come! At least many of
these students did. Approximately 15% of the student participation instances (96 of 642 opportunities to choose)
took place in alternative modes, primarily in-class students participating online.

Students who register for an online course may not be able to attend class in-person, even if that is an
option. If they have chosen an online course section instead of an in-class section, it is probably for as good reason,
such as, work conflict, family duties, tie conflicts with other classes, or travel conflicts. Based on the participation
patterns in the ITEC program at SF State, it doesn’t make sense to prepare in-class options for students if a course is
being offered online-only already. In this situation, if you build it, they probably won 't come!

HyFlex options may be more effective for students choosing online participation if there is a large group of
students who are likely to also be online in a given week. If online participation is considered to be a “second
choice” option (perhaps because it can be a lonely virtual space when every one else is in class), online discussions
may be sparse and relatively ineffective as interactive discussions.

Even when students did not choose alternative participation modes often, many report being very satisfied
and pleased that they had the choice to participate in a different mode if they had to (or wanted to). Almost all of the
students surveyed preferred a mix of online and classroom participation modes, and most of these students report
that they would prefer all of their courses adopt a student-controlled flexible approach to participation.

Looking Ahead (with Plenty of Questions!)

As with any complex learning setting, initial development and research leads to many more questions than
a simple study can answer. The end-of-semester survey is being revised and will be used with Fall 2007 and Spring
2008 courses using the HyFlex course model in the ITEC program. There are other areas to pursue, many more
questions to ask (and eventually answer, one would hope.) Here are a few under consideration:

Student learning: Do students who choose to participate predominantly online achieve learning objectives?
How do their final performance products (design plans, instructional packages, etc.) compare to those of their peers
who participate in-class

Online learning environment: Is it possible create a rich, interactive online environment when only a few
students are participating online in a given week? Would requiring all students, regardless of participation mode, to
participate in online forums make the online participation richer? Could that be accomplished without increasing the
workload for in-class students unfairly?

Faculty workload: 1t isn’t fair to the faculty teaching a HyFlex course to require traditional in-class
teaching and add on the load of facilitating online students as well. How much additional work is required to
conduct a HyFlex course? How can the faculty load for facilitating online learners be lessened? Should faculty be
assigned fewer students for HyFlex courses or fewer courses to teach? Can teaching assistants provide the additional
instructional support needed?

Student outcomes: All of the students in this study are enrolled in the Instructional Technologies (ITEC)
graduate program at SF State. Since these students are learning how to design instruction for a wide variety of
education and training settings using technology, their experiences using online technologies in the HyFlex course
may affect the way they think about teaching and learning in the various instructional contexts they move into. Does
the HyFlex experience lead them to consider the impact of learner control and designing for flexible alternative
approaches to learning the same content? Ultimately, do they become more effective designers and educators?

The results of continuing studies and development of HyFlex courses at SF State will try to answer these
questions over the next few years. At SF State, especially in the ITEC program, we intend to determine how to select
additional existing courses for hybridization with the HyFlex model, develop new courses in hybrid formats to meet
the emerging needs of student populations, and help instructors and students better understand how new
technologies can support a different approach to course delivery; creating a context for full and flexible participation
in a learning community that may be more effective that traditional single-mode course designs.
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Abstract

Students engaged in Problem-based learning (PBL) units solve ill-structured problems in small groups, and
then present arguments in support of their solution. However, middle school students often struggle developing
evidence-based arguments (Krajcik et al., 1998). Using a mixed method design, we investigated (1) the impact of the
Connection Log—a computer-based argumentation scaffold system—on middle school students’ construction of
evidence-based arguments during a PBL unit, and (2) scaffold use among members of two small groups
purposefully chosen for case studies. Data sources included a test of argumentation, debate rating scores, videotaped
class sessions, and retrospective interviews. Findings included a significant impact on individual argumentation
skill, and use of the scaffolds by the small groups to communicate and keep organized.

Introduction

Recently, science educators have called for the use of inquiry-based instructional frameworks such as
problem-based learning (PBL) to help secondary students to learn the process of science (i.e., the inquiry process),
and move beyond instruction focused on declarative knowledge (e.g., Keys & Bryan, 2001; Sandoval & Reiser,
2004). In PBL, students center their learning on ill-structured problems, or problems for which (1) the initial
statement does not indicate how to represent the problem, and (2) there are multiple paths to a solution and multiple
solutions to the problem (Hmelo-Silver, 2004; Jonassen, 2003).

Within ill-structured problems, developing evidence-based arguments (EBAs) is essential to producing a
viable solution (Cho & Jonassen, 2002). EBAs consist of discussions that provide support for claims with evidence
and premises (Perelman & Olbrechts-Tyteca, 1958). However, secondary students often struggle creating EBAs
(Krajcik et al., 1998; Sandoval & Reiser, 2004). Middle school students’ inability to construct EBAs during PBL
could be attributed to three challenges: (1) adequately representing the central problem of the unit (Ge & Land,
2004; Liu & Bera, 2005), (2) determining the most relevant evidence they must gather and gathering it (Pedersen &
Liu, 2002-2003), and (3) synthesizing gathered information to construct a sound argument (Cho & Jonassen).

Possible Solutions

While some authors advocate direct instruction to help K-12 students improve argumentation skills
(Knudson, 1991; Voss & Means, 1991), such interventions are not always successful (Knudson; Marttunen &
Laurinen, 2001). Also, while direct instruction may help secondary students engaged in PBL units learn the
components of EBAs, such students may continue to struggle representing the problem, determining relevant
information to gather and gathering it, and synthesizing the gathered information to construct a strong argument.

Scaffolding is support (from a teacher or computer tool) provided to students participating in a task they
cannot complete without assistance (Hannafin, Land, & Oliver, 1999; Wood, Bruner, & Ross, 1978). Computer-
based argumentation scaffolding has helped college (Cho & Jonassen, 2002) and middle school students (Bell, 1997)
produce coherent arguments. However, many available computer-based science-inquiry scaffolds are linked to
specific PBL problems (Quintana et al., 2004), and transfer to other problems or domains has not been shown.

We designed and developed a computer-based scaffolding system, the Connection Log, to support middle
school students’ development of EBAs during a variety of PBL units. The purpose of this paper is to describe the
Connection Log and to address how and why middle school science students use computer-based argumentation
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scaffolding to construct an argument while participating in a PBL unit, and the Connection Log’s impact on (a)
individual student argumentation skills and (b) group argument quality.

Method
Design and Development of the Connection Log

The first author designed the Connection Log based on guidelines that emerged from a review of the
literature and detailed observations of middle school students engaging in PBL: (1) embed scaffolds within a system,
(2) make students articulate their thoughts, (3) constrain the problem space, (4) consider motivation, (5) make
scaffolds explicit for students with less prior knowledge, and (6) focus on the development of conceptual,
procedural, and strategic computer-based scaffolds (Belland, Glazewski, & Richardson, in press). The third author
reviewed the instructional analysis once and the storyboard twice. After revising the storyboard, the first author
reviewed scaffold readability with a seventh-grade science teacher and several seventh-grade students. We
simplified the language where possible, and implemented rollover definitions where necessary.

Resources Used

We used Macromedia Fireworks version 8 to storyboard. The html shell was created using Macromedia
Dreamweaver version 8. The php code was written using vi (text editor for UNIX). Database architecture was
modeled using Toad™ Data Modeler. A Sun server running php 5.1.4 and mysql 5.0.22 hosts the Connection Log.

Evaluation
Setting and Participants

This setting was a laptop initiative middle school in a small, rural Midwestern community. The school had
38 teachers and 543 students, 44% of whom received free or reduced lunches. The sample included eighty-six
seventh-grade science students in four class sections. The teacher had four years experience facilitating PBL units.

Data were gathered during a 2-week PBL unit on the Human Genome Project (HGP), which followed a
teacher-led instructional unit on genetics and its role in human development. Each student team chose a unique
stakeholder group such as doctors or religious leaders. Students needed to assume a position on the HGP based on
their stakeholder’s perspective, outline a plan for promoting their position, and argue their position during a debate
at the end of the unit in fictitious competition for a grant to further their position.

Design

We used a mixed methods approach to address our research questions.

Qualitative method. We presented an in-depth description of how the members of two small groups worked
together and used the scaffolds during the unit.

We (1) videotaped each group during the unit, and transcribed verbatim all dialogue, (2) retrieved each
group member’s response to prompts, (3) observed students from all class sections during the unit, and (4)
conducted prompted, retrospective interviews of approximately 30 minutes each with each group. In each interview
a unique, approximately 20-minute video containing scenes from the videotaped class sessions prompted
participants’ recollection of how they used the Connection Log and why.

We (1) coded the video and interview transcripts, (2) triangulated coding with observation and database
information, (3) identified common themes, and (4) interpreted themes from the symbolic interactionism framework,
according to which people interact with things based on the meaning they assign to the latter (Blumer, 1969).

Quantitative method. We used a two-factor nested experiment with factor B (classroom) nested in factor A
(scaffold or no scaffold) (Kerlinger & Lee, 2000). The teacher identified two classes as high-achieving and two as
low-achieving. The low-achieving class means were significantly lower than those of the high-achieving classes,
F(1, 81) = 6.93, p <.05, on a pretest of argumentation ability. Pretest scores did not differ significantly between the
low-achieving, F(1, 81)=.38, p=.54, or the high-achieving, F(1, 81) = .62, p=.43, classes. We assigned one high-
achieving and one low-achieving science class to each condition: scaffold and no scaffold.

An argumentation measure was adapted with permission from the test used by Glassner et al. (2005).
Students read four scenarios in which a claim was made about a particular topic and two supporting statements were
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advanced. Students needed to indicate how well each statement supported the original claim. The pretest
(Cronbach’s alpha=.71) was similar to the posttest (Cronbach’s alpha=.77).

To address the impact of the Connection Log on individual argumentation skill, we used nested ANOVA.
If nested effects were significant and ordinal, we calculated simple effects (Keppel, 1982).

We videotaped all groups during the debate. The video was transcribed, and two raters blind to treatment
condition assigned numerical scores for claim, evidence, and connection of claim to evidence quality for each team
in all four periods. After raters came to consensus, agreement, measured by Cohen’s Kappa, was 0.99.

To address the impact of the Connection Log on group argumentation quality, we used nested MANOVA.
If effects were significant, we ran follow-up ANOVAs. If nested effects were significant and ordinal, we calculated
simple effects (Keppel, 1982).

Results

Connection Log Description

General Description

The scaffolds are organized as six stages:
1. Define problem, in which students define the problem in their own words
2. Determine needed information, in which students decide on evidence and information about the
problem they need to find, and strategies for finding it
3. Find needed information, in which students find and record the information they need to know
4. Organize information, in which students organize the information they found to make it more useful
when developing their claims and building their argument
5. Develop claim, in which students actually develop their claims
6. Link evidence to claim, in which students link evidence to their claims and build an argument
Each stage is divided into 2-4 steps. See Figure 1 for a screenshot of step 1 of stage 1. Most steps have text
boxes in which students type responses. Upon logout, all work is saved. Students start where they left off when
logging back in.

Figure 1. The Connection Log.
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O LOGOUT |4

Connection Log Initial ﬁ?m"g';:u,, Come to
Thoughts Mates Consensus

Define Problem: Initial Thoughts

By Myself

Write down a statement of the problem in one sentence in the box below. This should include
what is happening, information about the stakeholders, and how the problem affects the
stakeholders. Don't worry if you think your definition isn't good. We'll take a look at it later.

Develop Claim = : ;
. ) i An example of a statement about the problem in one sentence is "The ice caps are melting,
Link Evidence to Claim - and this causes people who live near sea level to be threatened”

Type your problem definition here:

You are logged in as:
bbelland

You are currently on stage:
Define Problem

Unique features. The Connection Log was developed for use with any PBL unit and guides students to
articulate their thoughts. Because of group registration, students read what their group mates articulate at each stage.
At each stage in the argument construction process (e.g., organize evidence, develop claim) students (1) articulate
their own thoughts individually, and (2) discuss all group members’ articulated thoughts to form a group consensus.

How Do Students Use Computer-based Argumentation Scaffolding?

Group 1

Robert, Erin, and Alejandra (note: all names were changed) faced different challenges during the unit.
Robert was a leader who found the unit difficult due to his lack of prior knowledge about the unit content. He was
also confused about the debate structure.

Erin was often unsure of herself. On many occasions when either Alejandra or we asked Erin a question
about the group’s strategy or how the HGP could help their stakeholder, she replied, “I don’t know, ask Robert.” She
appeared to accept Robert’s lead, but complained that sometimes it seemed like “Robert doesn’t care.” She also was
confused about the overall task.

Alejandra had limited English proficiency. She struggled expressing herself and understanding what her
teammates said, but was able to stay aware of her group mates’ thoughts by reading what they wrote in the
Connection Log. In this quote she reflected on her silence: “I was listening. I always listen. I was listening to what
she was saying. Because I was trying to help, but they always talk, and I was trying to listen, but Erin talks too fast.”
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The group used the Connection Log to (1) get and stay organized, (2) aid communication, and (3) think of
ideas. The Connection Log appeared to help the group to counter (1) confusion about the debate structure and
required presentation parts, and (2) communication problems by allowing them to read what each other wrote.

Group 2

Daniel, Megan, and Claudia faced different challenges during the unit. Daniel was a soft-spoken leader
who tended to take over tasks when required to explain them too much. He was challenged by the ill-structured
nature of the unit. Though he understood them from the beginning, he found it challenging to apply the Connection
Log’s prompts to his project early in the unit. However, as we explained them more, Daniel found the prompts
easier to apply.

Claudia was an English language learner who joined the group with three days left in the unit, and was
assigned the task of finding pictures and information to complete the group’s poster. She found the unit more
difficult than previous inquiry units due to difficulty finding information. Because of her late addition, she did not
use the Connection Log extensively.

Megan was a quiet student who also found the unit difficult because of its ill-structured nature. She often
asked Daniel how to accomplish tasks. She noted difficulty getting started with the Connection Log, but once she
got going, “it was pretty easy.”

The group used the Connection Log to (1) get and stay organized, (2) serve as a reference, and (3) ensure
inclusion of all required parts of the presentation. The Connection Log appeared to help the group counter their
challenges by (1) structuring the unit to aid organization and strategy, (2) storing ideas for later reference, (3)
indicating required parts of the presentation.

What is the Impact on Individual Students’ Argumentation Skills?

The Connection Log had a significant main effect on individual argumentation ability (F(1, §2)=2.99,
p=.09, ES=0.35) and a significant simple effect on the individual argumentation ability of low-achieving students
(F(1, 82)=6.07, p=.01, ES=0.61). In other words, the Connection Log significantly affected the individual
argumentation ability of all students, but had an effect of greater magnitude on the individual argumentation ability
of low-achieving students.

What is the Impact on Group Argumentation Quality?

The Connection Log did not have a significant main effect (A1=0.88, F(3, 25)=1.16, p=.34), but a
significant nested effect (A=0.66, F(6, 50)=1.95, p=.09) on claim, evidence, and connection of claim to evidence
quality. Follow-up ANOVAs indicated significant nested effects of the Connection Log on claim (F(2, 27)=4.77),
p=.02) and connection (F(2, 27)=4.52, p=.02) scores, but simple effects were not significant. In other words, when
considering all scores and student types, not all means were determined to be the same. When considering only
claim or connection scores, scaffolding’s effect appeared to differ according to student type, but further tests did not
provide evidence of a significant difference.

Discussion

How do Small Groups of Middle School Science Students Use Computer-based Argumentation Scaffolding to
Construct an Argument while Participating in a Problem-based Learning Unit?

When considered in context of what is currently known about how secondary students use scaffolding, the
results related to how students used the Connection Log are interesting in that they add to the research base on how
middle school students use hard scaffolds.

The capacity of hard scaffolds to facilitate organization. As Daniel noted, the Connection Log “helped us
put it [the presentation] together so it didn’t look confused and sloppy.” Most articles in which the coherence of
arguments was examined indicate that college (Cho & Jonassen, 2003; Ge & Land, 2003) and secondary (Bell,
1997; Kyza & Edelson, 2005) students who used evidence-based argumentation scaffolds produced more coherent
arguments than students in control conditions (who did not use scaffolds). However, very few seemed to indicate
why. Some authors noted that students using scaffolds more evidential support for claims (Cho & Jonassen) than
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students who did not use scaffolds, but it is left to the reader to imagine what specifically about using the scaffolds
led to the more coherent argumentation.

A closer look at what leads to argumentation coherence may reveal a possible impetus for greater argument
coherence. Coherence of argumentation depends on three things: a clear claim, adequate supporting evidence, and
an established link between the evidence and the claim (Perelman & Olbrechts-Tyteca, 1958). Essential to
successfully linking evidence and claim and delivering an argument is organization (van Eemeren et al., 2002). In
past studies in which secondary students who used scaffolds created more coherent arguments (Bell, 1997; Kyza &
Edelson, 2005), students in the experimental condition may have been more organized than students in the control
conditions, and that the increased organization contributed to more coherent argumentation. However, given that the
authors did not present data to that effect, one cannot know.

The finding that the Connection Log helped Groups 1 and 2 stay more organized makes sense when one
considers the poor organization of many groups in the control condition, many of whom jumped from one topic to
another during the debate, and who did not appear to coordinate their efforts well during the unit. In my (first
author) observations of all classes during the unit, I noticed that some groups in the control condition experienced
difficulty staying organized. Often such groups researched a topic, researched the topic again later during the unit,
and then researched it yet again. However, they were not looking for new or deeper information about the same
topic, they were looking for the same type of information. For example, a group with the stakeholder perspective of
adopted children in one of the control classes continually researched how many adopted children there were in
Indiana and in the U.S. They asked me to help them find information on Day 3, and I provided them two links that
they could use as well as strategies for finding further information. They continued to search for information about
the number of adopted children in the US and in Indiana for much of the rest of the unit, usually finding the same
sites. Part of the reason that they were stuck in a cycle of continually searching for the information may have been a
lack of organization. They clearly did not keep track of search histories or strategies.

That the groups that used the Connection Log appeared to be more organized than students who did not use
the Connection Log is in line with the findings of Simons and Klein (2007), who found that students who were
required to use scaffolds were more organized than those who were in the scaffolding optional and no scaffolding
conditions. Greater organization as supported by scaffolds benefits not only argumentation, but also ill-structured
problem-solving success (Jonassen, 2003).

The capacity of hard scaffolds to promote inclusion of all required project parts. Daniel noted that the
Connection Log helped his group ensure that they included all required parts of the presentation. This is consistent
with the findings in the literature that students who are exposed to evidence-based argumentation scaffolds in the
form of question prompts or video modeling determined more relevant information to gather than students in control
groups (Pedersen & Liu, 2002-2003).

Many articles we reviewed that did not employ control groups also indicated that scaffolds promote the
inclusion of all required project parts (e.g., Kyza & Edelson, 2005). Daniel’s group’s efforts to find evidence to
support their claims mirrored that of groups who were prompted by empty evidence boxes in Progress Portfolio to
include more evidential support for their hypotheses (Kyza & Edelson). This could be because the Connection Log
fulfilled the group’s conceptual scaffolding needs by guiding its members on what to consider (Hannafin et al.,
1999). However, few authors articulate what about the scaffolds promotes the inclusion of all required project parts.
Especially when scaffolding was not designed expressly for use with a particular unit, what about the scaffolding
makes students add more information in order to meet project requirements? In Daniel’s group’s case, it appeared to
be the act of looking back at what his group had entered into the scaffolds alongside the prompts that guided his
group as to what to find. Members of Group 2 thus appeared to be scaffolded not only by what we had written a
priori in the scaffolds, but what they wrote in the text boxes of the scaffolds as they went through the unit.

The Connection Log as reference and communication aid. A very interesting finding was that the
Connection Log helped the members of Group 1 to communicate. Our literature review indicated that students might
benefit from being required to input their responses to question prompts into a database that could be accessed later
(Blumenfeld et al., 1996; Kyza & Edelson, 2005). We thought that in the process of articulating their thoughts,
students would think about what they were thinking, and that by writing what they thought, the exact rendering of
their thought would be available for their group mates to read and analyze. This effect appeared to be manifest in
Erin’s experience with the Connection Log, as she noted benefiting from having to create a textual representation of
what was in her head.

However, the nature of the communication aid that the Connection Log appeared to provide to the group—
facilitation of communication between the native-English-speaking members of the group and the ENL member and
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continuity of the group’s functioning when a group member was temporarily absent-was of a nature that we had not
envisioned or encountered during our literature review. First, the question of what scaffolding needs ENL students
have and how computer-based scaffolds can be designed to fulfill those needs has to our knowledge not been
addressed in the scaffolding literature. That Alejandra felt that she could stay aware of what her group mates were
thinking and doing by reading what they wrote in response to the Connection Log’s prompts is interesting in that it
suggests new areas of scaffolding that should be investigated. Though Alejandra is only one ENL student, the fact
that she felt involved in the group as a result of reading what her group mates wrote rather than what they said
suggests a possible new line of research into scaffolding in K-12 settings: what features of computer-based scaffolds
best support ENL student’s efforts during PBL units.

Second, Erin and Alejandra contended that the Connection Log helped the group function when Robert
went to another part of the room. We found no literature in which cases of small groups working in PBL units are
described in which one group member goes off to be alone, and the other group members describe what helped them
continue during his/her absence. However, communication problems normally ensue when one of two people who
are talking leaves in mid-conversation. That the Connection Log countered some of those difficulties by allowing
Erin and Alejandra to read what Robert had written is interesting and merits further investigation.

Group 1’s members also noted that they appreciated being able to compare each other’s ideas. As Robert
noted, many times group members would write one thing and say another. When this happened, the group members
could hold a discussion about what they really meant in order to come to consensus. We found no articles in which
the capacity of hard scaffolds to promote the process of comparing ideas was explored. However, Robert’s comment
makes sense because often during the unit Erin found herself saying one thing and writing yet another. As she noted,
“everything always sounds better in my head.” By being forced to commit her idea to writing, Erin also made her
idea available to her group mates. Alejandra also committed ideas to group discussion through the use of the
Connection Log. While we found that Robert was the group leader, not all group ideas originated with him. This
finding is consistent with findings in the literature that computer-based scaffolds can provoke the discussion and
explanation of ideas among group members, and that this interaction in turn can lead to better ideas.

Another interesting finding is that the members of Group 2 used what they typed into the Connection Log
as a reference. Though members of Group 1 did not specify that they used what they wrote in the Connection Log as
a reference, they did note using what they wrote for the presentation, which indicates that they did consult their
notes when coming up with their presentation. This finding is consistent with the finding that students in control
conditions did not consult notes when coming up with a solution, while students using Progress Portfolio (in which
they could record thoughts) did (Kyza & Edelson, 2005). However, often students engaged in inquiry units did not
consult their paper-based notes when determining a solution (Blumenfeld et al., 1996) or evaluating why a solution
was not ideal (Puntambekar & Kolodner, 2005). That the members of Groups 1 and 2 referred to their notes when
determining a solution is promising and warrants further research. If the Connection Log can lead students to
consider their research when arriving at a solution, it could help students engaged in PBL be more efficient and
successful. Few would argue that research done during a PBL unit should be forgotten after it is performed, or that
students should research the same topic multiple times to find the same information.

What is the Impact of the Connection Log on Individual Argumentation Skills?

Main Effect of the Connection Log on Argumentation Scores

The main effect of the Connection Log on the individual argumentation scores is interesting for several
reasons. First, articles examining the impact of hard argumentation scaffolds to tend to not employ the use of
transfer tests of content knowledge or skills as response measures. To our knowledge none that involve middle
school students use such tests. So our finding of a significant effect of the Connection Log on individual
argumentation adds to the literature base on argumentation scaffolding for that reason.

Second, the overall effect size of 0.35 indicated that the magnitude of the effect of the Connection Log on
individual argumentation skill was medium-small (Cohen, 1969). It is important to note that the effect was achieved
through use of the scaffolds during a PBL unit during an eight-day span. Students only started using the scaffolds,
and then only for about ten minutes, on the third day of the unit. Though an effect size of 0.35 is not enormous, it
does appear to suggest that the Connection Log can positively impact student achievement in a substantial way.

Direct instruction has not produced consistent results in raising middle school and other students’
argumentation skills (Knudson, 1991; Martunnen & Laurinen, 2001). Thus, the Connection Log’s significant effect
on individual argumentation skills is important in that it suggests that scaffolds such as the Connection Log may fill
an important gap in helping middle school students raise their argumentation skills. One characteristic of successful
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middle school “graduates” is that they are intellectually reflective people who can “analyze problems and issues,
examine the component parts, and reintegrate them into either a solution or into a new way of stating the problem or
issue” (Carnegie Council on Adolescent Development, 1989, p. 15). Another characteristic is that they “have learned
to learn, a critically important capacity because of the rapidly changing nature of occupations and jobs” (CCAD, p.
15). In short they should be able to solve problems and build effective arguments.

Nested Effect of the Connection Log on Argumentation Scores

The finding of a simple main effect of greater magnitude than the main effect of the Connection Log on the
individual argumentation skills of lower-achieving students may indicate that certain aspects of the Connection Log
supported greater improvement in lower-achieving students’ ability to recognize the extent to which a statement
supports a claim. It is not clear why this may be the case as there is little literature that examines the differential
impact of evidence-based argumentation scaffolding on different types of students. However, it may be that
differences in the magnitude of the effect of the Connection Log resulted from students in the lower-achieving
sections using the Connection Log in a different way than students in the higher-achieving sections. Insight into the
different ways higher-achieving and lower-achieving students used the connection log may be gained from looking
at the ways Group 1 and Group 2 used the Connection Log. Like Daniel’s group, Robert, Alejandra, and Erin used
the Connection Log to get and stay organized. But they also used the Connection Log to aid communication and to
compare ideas, while Daniel’s group did not.

The interesting finding to discuss in terms of the impact of the Connection Log on individual
argumentation skill is its use to compare ideas. The process of comparing ideas, especially when the ideas are about
evidence and claims could potentially raise one’s skill in evaluating the evidential support for a claim because it is
essentially practice performing the task. That is, as Robert, Alejandra, and Erin were comparing ideas and trying to
come to consensus, they had to explain to each other why they thought that a particular piece of evidence supported
or not their claim, or if their claim was valid. Daniel’s group did not claim to do this and did not appear to do this as
much from the video evidence. Practice performing a task can vastly improve one’s ability to perform it.
Observations indicated that many groups in the higher-achieving section of the experimental condition did not
appear to engage in as many types of conversations of this type, but that other groups in the lower-achieving section
of the experimental group did.

The effect size for the treatment among lower-achieving students of .61 was medium (Cohen, 1969). Given
the initial difficulties that the students experienced using it and the relatively short treatment length, the impact of
the Connection Log on individual argumentation skill appears to be substantial, and should be investigated further.
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What is the Impact of the Scaffolding on Group Argumentation Quality?

The finding of no significant effect of Connection Log on claim, evidence, or connection scores was
disappointing, and may be due to low power to detect significant differences. The power to detect significant effect
of the Connection Log was 0.19, and the power to detect significant nested effect of the Connection Log was 0.35.
Such low power makes it less likely that a researcher will detect significant differences.

The finding could also be due to a ceiling effect. Sixteen out of 30 groups attained the maximum score of
six on claim, nine out of 30 groups attained the maximum score of six on evidence, and 13 out of 30 groups attained
the maximum score of six on connection. This large number of maximum scores leaves one to wonder whether some
of those groups would have scored higher than six if the scale had been wider.

There is a relative lack of studies in which transfer of scaffolded skills is measured. The lack of a
significant effect of the Connection Log on group argumentation quality is consistent with the findings of Cho and
Jonassen (2002), who did not find a significant transfer of argumentation scaffolds on problem-solving tasks. The
finding is also partially consistent with a study in which scaffolds’ transfer to a problem-solving task, as compared
to didactic and help conditions, was inconsistent (Pedersen & Liu, 2002-2003).

Limitations and Suggestions for Future Studies

In this section we discuss suggestions for future research using (1) the Connection Log with a similar unit,
(2) the Connection Log with a different unit, and (3) other systems developed using the guidelines for the
development of computer-based scaffolds to support evidence-based argumentation.

Using the Connection Log with a similar unit. Future researchers should investigate how other small groups
use the Connection Log and other scaffolding systems like the Connection Log in similar and different units. Also
important is determining if students from similar and different student populations use the Connection Log in a
similar manner as Groups 1 and 2 on a similar unit. We specifically chose to focus on how two small groups used
the Connection Log so that we could gain in-depth information. However, such a strategy limits the potential
generalizability of findings (Stake, 1978). It is likely that members of other groups would use the Connection Log in
different ways. Would other groups use the Connection Log to compare ideas and/or to aid communication? Would
they use it to get and stay organized, or to ensure inclusion of all required project parts?

Future researchers should also use a wider rubric to assess students’ debate performances. The potential
ceiling effect may have contributed to the lack of significant results in this study. A rubric that allows for a greater
number of possible scores may allow more substantial differences in scores to emerge between groups.

Using the Connection Log with a different unit. We designed the Connection Log such that it could be used
in a variety of PBL units. As such, it would be important to determine if similar impacts on individual argumentation
skill and group argumentation quality can be ascertained when the Connection Log is used in conjunction with units
of differing content, length, and depth. For example, if the unit topic were global warming, and students needed to
write a letter to Congress expressing their opinion about global warming and what should be done about it, would
students use the Connection Log in a similar manner to Group 1, Group 2, or neither? Would lower-achieving
students tend to use it in a similar manner to Group 1, and higher-achieving students in a similar manner to Group 2?
Or would they use the Connection Log in a different manner?

Using the Connection Log with a different unit and with a similar unit, it would be interesting to determine
the extent to which the system helps ENL students with limited English proficiency be involved in their group. It is
possible that Alejandra was an isolated case and that other students with similar difficulties speaking and
understanding spoken English would not benefit from reading what their group mates wrote in the Connection Log.

Used with a unit of different topic or length, the Connection Log may have an impact on group
argumentation quality. This can only be learned with further research.

Using other systems. An interesting study would examine how students use other scaffolds developed using
our guidelines for the development of computer-based scaffolds to support the creation of evidence-based
argumentation. Would features inspired by the guidelines (e.g., networked connectivity), and exhibited by other
scaffolding systems, be helpful to middle school students? Would such a scaffolding system show positive impact
on individual argumentation skill or on group argumentation quality?

Last, future research should examine when and how the Connection Log or other systems like it could be
faded, as the literature base currently does not describe well the fading of hard scaffolds (Pea, 2004; Puntambekar &
Hiibscher, 2005). The guidelines for the development of argumentation scaffolds that recommended that all
scaffolds be part of a system and that students articulate their thoughts caused me (first author) to design the
Connection Log in such a way that fading it would have been difficult. Each student needed to type their answers to
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prompts in order for group mates to be able to read each other’s input. One of the only existing models for the fading
of hard scaffolds involves students individually deciding when they do not need the former any more (Puntambekar
& Hiibscher). But if a group using the Connection Log were made up of Students A, B, and C, and Student A
decided she did not need the scaffolds any more, but Students B and C deemed that they did, that would be a
problem. We do not know how the Connection Log could be individually faded. However, that does not mean that it
cannot be done.

Conclusion

Students will face unique challenges in the 21* century, and to help them prepare, schools need to
incorporate inquiry-based instructional activities such as PBL so that students engage in authentic inquiry in school
(Brush & Saye, 2001; Gallagher, 1997; Keys & Bryan, 2001; Sandoval & Reiser, 2004). Creating evidence-based
arguments is central to student success during a problem-based learning unit (Jonassen, 2003). Doing so is
particularly difficult for middle school students due to challenges (a) adequately representing the problem that is the
focus of the unit (Ge & Land, 2004; Liu & Bera, 2005), (b) determining the most relevant evidence that they must
gather and the process of gathering it (Pedersen & Liu, 2002-2003), and (c) synthesizing the information that they
gathered to construct a sound argument (Cho & Jonassen, 2002).

Scaffolding has been advocated as one way to help college (Cho & Jonassen, 2002) and secondary (Bell,
1997) students build evidence-based arguments while participating in PBL unit. We designed and developed the
Connection Log to support the creation of evidence-based arguments among middle school students engaged in a
variety of PBL units, and implemented it in two out of four class sections participating in a PBL unit on the HGP.
We detected no significant differences on claim, evidence, or the connection of claim to evidence ratings of debate
performances. However, students used the Connection Log in different ways, and we found a significant main effect
of the Connection Log on individual student argumentation ability, as well as a significant simple main effect of the
Connection Log on the individual argumentation ability of lower-achieving students. Results of this study show the
potential of the Connection Log to help middle school students overcome the challenges of creating evidence-based
arguments.
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One Laptop for Each Middle Schooler: Practical Findings from a Recent
Study

Ward Mitchell Cates, Lehigh University

Ubiquitous computer access has long been touted as making a difference in the educational endeavor (see
Gayeski, 1989; Kay, 1984; Ravitz, 1999; Rogers, 2001). One version of such access takes the form of using
individual wireless laptop computers (Hill, Reeves, & Heidemeier, 2004; Rockman et al., 2004; Russell, Bebell, &
Higgins, 2004). Such computers provide each student in a class with anytime/anywhere access to instructional
programs, the World Wide Web, and productivity tools that may be employed for instructional purposes. In recent
years, a number of such “one-to-one” laptop initiatives have been implemented for individual schools, entire school
districts, and entire states (Ubiquitous Computing Evaluation Consortium. 2005). As Zucker (2004 ) and Ross.,
Lowther, and Morrison (2001) noted, however, not all implementations have been rigorously evaluated.

This paper reports findings from a recent study of a one-laptop-per-student initiative in grades six and
seven of a four middle schools in a single school district in the Northeastern United States. The study was conducted
over 9 months (October through June). During this period, students had the same “personal” computer to use every
day, although they were not able to take their computers home at night. Students used Apple iBook™ laptop
computers to take notes, to explore a variety of Websites, to prepare word-processed documents for their various
content subjects, to prepare presentations, to conduct research online, and for other similar group and individual
computer activities. This study used data triangulation across multiple points in time and multiple respondents,
including observational data to assess how the studied laptop implementation affected teachers and students, with a
particular focus on changes in teaching/learning practices in the classroom. While not unique (see for example,
Burns & Polman, 2006; Metiri Group, 2006; Sargent, 2003; Silvernail & Lane, 2004, Windschitl & Sahl, 2002), this
study was rigorous in deriving its data sources and in seeking to correlate related data sources to produce a clearer
picture of the impact of the implementation on teacher and student attitudes and teaching/learning skills.

Data Collection

In mid-October, I interviewed the principals of the four middle schools, as well as the assistant principals
for curriculum (sixth grade). Each interview took approximately one hour and used the same interview protocol
instrument. During the four weeks from mid-October to mid-November, all sixth and seventh-grade teachers, as well
as affiliated special education teachers, were surveyed. The response rate for teachers was quite high; all but a
handful completed the survey and returned it. All sixth-grade students were also surveyed during this period. In
addition, all sixth-grade teachers were observed teaching one class. These measures were intended to supply
baseline data. At this point not all laptops had been distributed, nor were they in frequent use in schools.

The first week of February, I interviewed all four principals and all four assistant principals for curriculum
once again, this time using a slightly modified version of the initial interview protocol. While at each middle school,
I left surveys for all sixth and seventh-grade teachers, as well as affiliated special education teachers, to complete.
Within a week, I had received the vast majority of teacher surveys. Once again, the response rate was high, although
a slightly higher percentage of blank or partially blank surveys were returned.

In late April and early May, all 42 sixth-grade teachers were observed teaching one class. In May and early
June, all sixth and seventh-grade teachers, as well as affiliated special education teachers, were surveyed a final
time. In this same time period, all sixth-grade students were also surveyed. In mid-June, I interviewed the principal
and assistant principal for curriculum at each of the four middle schools. Once again, the same protocol was used for
all interviews, although this protocol was once again slightly modified from the midpoint version, in this case to
focus more on summative assessments and reflections.

This study employed classroom observations. Clearly not all instructional activities are suited to the use of
technology and one takes the luck-of-the-draw in whether one will see technology in use during a single 50-minute
observation. We did not ask teachers to modify their plans and use technology so that we could observe its use. We
figured instead that observing classes, regardless of whether they were using technology during that period, would
produce a more representative picture of how often and in what ways technology was being used in the schools. Of
course, this decision may account for the percentage of teachers who were not using computers during each
observation period.
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All surveys reported herein constitute self-report data. A caution is in order: It is important not to mistake
self-report data for factual evidence. That is, what someone reports on a survey may or may not be accurate. Self-
report data may be affected by respondent awareness, experience, perceptions, and divergent intentions.

Findings
This section is divided into four subsections: Student Findings, Teacher Observational Findings, Teacher
Survey Findings, and Principal Interview Findings. Under each subheading, I discuss relevant data from that data
source.
Student Findings
A total of 817 sixth-grade students responded to the baseline student survey in October, while 795 sixth-

grade students responded to the final student survey in May. The survey consisted of 59 items across 6 scales. Table
1 details these scales.

Table 1. Distribution of Teacher Survey Items across Scales (with Reliabilities)
Focus of Scale | Number of ltems Reliability

Student technology skills 18 871
Student comparison to "typical" students on technology skills 3

Student feelings about school and learning 10 .625
Student opinions about technology 9 .630
Student ratings of how technology makes them feel 11 772
Student preferences for classroom technology uses 778

8
TOTAL ITEMS: 59

* NOTE: For purposes of reliability calculations, the first pair of scales was combined.

Table 2 summarizes student responses to items in the six scales used in the survey. Student responses to
each scale are discussed beneath the table.

Table 2. Mean Response Data for Baseline and Final Student Survey (by Scale)

Baseline Final
Focus of Scale (highest possible rating) Mean ‘ Mean Net %
Rating Rating Change Change

Student technology skills (5) 2.43 2.61 +.18 +3.5%
Student comparison to "typical" students on technology skills (3) 2.32 2.38 +.06 +1.9%
Student feelings about school and learning (4) 3.14 3.14 0 0%
Student opinions about technology (4) 3.22 3.26 +.04 +1.1%
Student ratings of how technology makes them feel (5) 3.98 3.95 -.03 -0.4%
Student preferences for classroom technology uses (5) 3.76 3.77 +.01 +0.3%

Note: Highest possible rating for each scale indicated in parentheses after scale focus description. Higher ratings are better.

As Table 2 illustrates, responses to the first scale went up dramatically, while two other scales went up
moderately, and three stayed largely the same. Although Table 2 shows percentage of change for each scale baseline
to final, rather than cite results solely by percentages, from this point on differences will be discussed in terms of
effect size (ES). The effect size describes how great an effect a significant change between measurements suggests
has taken place. That is, it goes further than a simple significance rating to identify effects in terms of their
magnitude. An effect size of .2 is considered small, while an effect size of .5 is considered medium, and effect sizes
of .8 or greater are considered /arge.

The increase in ratings on the first scale across 18 separate technology skills is statistically significant (ES
=+.32). This scale employs five points, with one representing technology skills students report they do not have
and five representing self-reported skills at a level where the student usually helps other students complete a task
involving technology. On the baseline, students reported they often needed help to perform almost all of the
technology tasks listed. Only four items were rated above 3.0 (often do alone), and these included using word
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processing (3.37), turning the computer on and off (3.29), searching the Web (3.28), and using a printer (3.27).
Thus, sixth graders apparently did not feel they had much skill in completing most technology tasks.

In contrast, on the final survey seven items were above 3.0 and eight items had increases that were
significantly higher (Effect sizes ranging from +.27 to +.46). The final survey results suggest students now viewed
themselves as able to handle many technology tasks independently (often do alone or help others). The technology
tasks they see themselves needing help on or not doing include using databases (2.49), making graphics and editing
pictures (2.42), using CD-ROMS (2.24), making videos (1.83), taking digital photos (1.73), editing videos (1.70),
doing email (1.60), and using a scanner (1.51). A number of these were technology tasks not currently completed in
these schools and thus may have received lower values because many respondents answered don 't do.

Ironically, when asked to compare their skills to those of "typical" students, the surveyed sixth graders
described themselves on the baseline as about one-third of the way between about the same and better (mean = 2.32
out of 3.0). Thus, although they did not rate themselves as strong in completing these technology tasks, they
appeared to believe that other students were not much stronger. Despite the significant increases in students’
assessments of their independence in completing technology tasks by the end of the study, students did not raise
their assessment of comparison to “typical” students much (mean = 2.38 out of 3.0).

Students were asked to rate how they feel about school and learning. On a four-point scale, they rated
themselves on the baseline at a mean of 3.14, the same mean rating as on the final survey. This means that they rated
most statements in this section of the instrument as being usually true of them. The statements in this section with
which students agreed most strongly included School prepares me well for the future (means = 3.53, baseline; 3.59,
final) and When I do well in school, it is because I have tried hard (means = 3.53, baseline; 3.51, final). The two
items with which they most disagreed were When I do badly in school, it is the teacher’s fault (2.30 baseline, 2.34
final) and How I do in school is completely out of my control (2.43 baseline and 2.41 final).

The next section of the instrument asked students their opinions about technology. On a four-point scale
(not true! to always true!) the mean for items in this section was 3.22 on the baseline and 3.26 on the final survey.
This means student respondents on average rated the statements on this scale as about one-quarter of the way
between usually true and always true! Two items in this scale had effect sizes were equal to or greater than .2:
Students assigned a mean rating of 3.42 to I can do assignments when I have to use the computer, up .17 from the
baseline (ES = +.20) and The teachers in my school know how to use technology went down .15 from the baseline to
3.13 on the final survey (ES = -.20). One of the highest rated items in this section on both baseline and final survey
was [ want to use a computer more (means = 3.60 and 3.57, respectively). The items on this scale with which they
disagreed most on both baseline and final survey were Computers are a waste of time (means = 2.17 and 2.11) and
Technology makes it harder for me to get my work done (means = 2.35 and 2.27).

Students were asked next to respond to statements about how technology makes them feel. On a five-point
scale from never (1) to all of the time (5), students assigned a mean rating of 3.98 to statements in this section on the
baseline and 3.95 on the final survey. This suggests they felt the statements were true most of the time. The highest
rated items on both baseline and final was [ like using computers in class (means = 4.51 and 4.48 respectively). The
items with which students expressed the greatest disagreement were When we use computers, 1 feel left out (means =
1.17 baseline and 1.15 final), / get nervous when we will be using technology (means = 1.28 and 1.21), and / have
trouble with the software we use in class (means = 1.65 and 1.58). Only one item on this scale had a baseline-to-
final effect size of .2 or greater: I'm excited when I get to use a new computer program. This item went from 3.92
(baseline) to 3.66 (final), producing an effect size of -.20, suggesting a faded novelty effect.

The final section of the student baseline survey asks students to tell how much they like particular uses of
technology in the classroom. They were asked to rate such uses on a five-point scale from / don't like it! (1) to It's
great! (5). Across the eight items in this section, students assigned a mean baseline preference of 3.76, about three-
quarters of the way from /t's OK to It's good. This mean rating went up slightly to 3.77 on the final survey. The uses
they rated most highly included going online to look for facts or materials (4.06 and 4.11, respectively) and doing
research on the computer to complete an assignment (4.01 and 4.08, respectively). Only one item on the scale
showed a baseline-to-final change that met the .2 effect size threshold: My group uses a computer to prepare a
report or presentation. The mean for that item went from 3.79 on the baseline to 4.08 on the final, making it one of
the best liked activities (ES = +.25). It is interesting to note that these top three uses are ones facilitated by having
individual laptops.

Teacher Observational Findings

As noted earlier, all sixth grade teachers were observed by the same classroom observer, using a
standardized observation protocol. The focus of the observation was the extent to which technology was
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incorporated into the observed lesson. Table 3 presents the proportion of time in which computers were used in the
classroom during the observation. Table 4 shows observer ratings of teacher apparent comfort on the final
observation in using technology, while Tables 5 and 6 show ratings for instructional effectiveness and holistic
assessments on final observations.

Table 3. Observed Computer Use by 42 6™ Grade Teachers (in minutes, divided by observation period/activity)

00 00 00 School 4 TOTAL

Activity Baseline | Final | Baseline | Final | Baseline | Final | Baseline | Final | Baseline | Final
(n=1) (n=5) (n=3) (n=4) (n=0) (n=6) (n=1) (n=8) (n=5) (n=23)
Whole-class Use 1.5 31.5 87.5 11.0 0 85.0 275 0 116.5 127.5
Student Team Use 0| 44.0 0| 625 0 0 0| 730 0 179.5
Individual Student Use 0 19.0 0 26.0 0 73.5 0 | 1385 0 257.0
Students Learning Tech 0 0 20.0 0 0 0 0 0 20.0 0
Teacher Administrative Use 0 6.5 0 0 0 0 0 18.0 0 245
Handling Tech Problem/Setup 0 5.0 25 3.5 0 0 0 19.0 25 275
No Computer Use 48.5 | 144.0 40.0 97.0 0| 1415 225 | 1515 111.0 534.0
Total |  50.0 | 250.0 |  150.0 | 200.0 | 0 | 300.0 | 50.0 | 400.0 |  250.0 | 1150.0
Table 4. Final Observation Mean Ratings of Teacher Apparent Comfort with Technology (divided by task)
Observation Item Task Teachers Observed (of a possible 4)
Setting up equipment. 9 3.00
Handling minor technical problems. 12 3.00
Maintaining lesson flow while changing from one technology to another. 14 3.57
Helping students use technology. 13 3.38
Using traditional technologies (overhead, slide projector, tape recorder) 6 3.67
Table 5. Final Observation Mean Ratings of Apparent Instructional Effectiveness of Computer Uses
Observed Computer Use Teachers Observed of a possible 5
Word processing 9 3.89
Using teaching/learning programs 9 4.00
Searching the Internet/Web 9 4.44
Table 6. Final Observation Mean Holistic Assessments of Instructional Use of Technolog
Observation Item Task Teachers Observed of a possible 5
Students appeared comfortable using technology. 20 4.85
Technology used seemed well matched to instructional tasks to be accomplished. 20 4.80
There was enough technology available to accomplish intended tasks. 21 4.76
When working with technology, students seemed self-directed. 20 4.70
Students appeared engaged by the lesson. 21 4.62
Instructional pacing felt smooth with technology causing few interruptions. 20 4.60
Technology not used for its own sake, but to enhance lesson. 21 4.48
Use of technology did not cause discipline or classroom management problems. 21 4.43
Teacher appeared well focused on lesson and little distracted by technology. 20 4.25
Students appeared excited about using technology. 20 3.75

As Table 3 shows, while only one school had more than one teacher observed using technology at baseline,
all four schools had multiple technology-using teachers at final. In fact, there were 4.6 times as many teachers
observed using technology at final than at baseline and these teachers were observed using technology for 4.4 times
as long. Perhaps equally important, the pattern of technology use observed was very different at final, with more
individual student and team use as opposed to the whole-class used observed on the baseline. Tables 4 through 6
demonstrate that final observations revealed teachers who were more comfortable using technology and who used
technology in ways well matched to instructional goals without disrupting pacing or creating classroom management
problems. The observer holistically concluded that students were engaged by these technology-using lessons and



technology enriched the lessons (as opposed to simply being an add-on for technology’s sake). The observer was
asked to assess equity of access and use and concluded opportunity was about the same for student regardless of
gender or race. The observer did conclude, however, that in terms of perceived academic level, students at lower
perceived levels of academic ability actually had slightly more opportunity to use technology than other students.
Teacher Survey Findings

The teacher survey was made up of 10 scales, ranging in reliability from +.746 to +.903 (Cronbach’s
alpha). Table 7 shows the change baseline to final for these 10 scales.

Table 7. Baseline and Final Teacher Survey Mean Response Data by Respondent Groups

(Aggregated by Scale, Sorted by All Respondents Effect Size)
All Respondents

n=103

Baseline Final

Mean

Mean

6" Grade

7™ Grade
n=43

Baseline Final

Mean

Mean

Special Education

n=18

Baseline | Final

Mean

Effect
Size

Student Independence Using
Tech / Comparison to
“Typical” Students

57.93

68.79

59.61

60.76

70.21

47.67

65.08

1.28

Teacher Role in Student
Success / How Much
Difference Teacher Makes

92.39

85.58

-0.74

92.27

84.64

-0.91

93.17

86.65

-0.72

90.78

86.86

-0.36

Previous Training’s Value in
Preparing for Tech Use/
Value of Types of Future
Training

70.16

63.77

-0.53

69.31

67.23

-0.20

70.77

60.93

-0.76

70.50

61.25

-0.76

Quality of Tech Support

10.10

11.06

0.38

10.02

11.18

0.42

10.17

11.00

0.35

10.11

11.07

0.42

Integration of Computers in
the Classroom

37.32

40.33

39.00

40.88

37.26

38.53

0.13

33.83

42.71

1.00

General School Support for
Technology Use

32.63

34.36

33.27

35.67

33.14

34.36

29.82

32.711

Student Use of Types of
Software

35.70

37.50

37.35

38.25

0.10

34.79

34.65

33.77

42.07

Beliefs about Technology’s
Value in Education

81.04

79.71

82.29

80.13

-0.26

80.76

81.13

79.00

76.38

Teacher Confidence and
Comfort with Technology

49.81

50.18

49.90

50.69

0.12

51.29

51.32

45.81

47.57

Teacher Use of Types of
Software

38.31

38.38

0.01

39.62

38.13

-0.17

37.92

37.47

-0.05

35.69

39.67

As the left column in that table illustrates, 7 of 10 scales had significant changes baseline-to-final. Highest
among these was enhanced student technology competence and independence, as well as their comparison to typical
students. Teachers were asked to compare the technology skills of their students to “typical” students. Teachers
rated students on a three-point scale (worse, about the same, better). As Table 8 shows, teacher ratings came up

significantly.

Table 8. Baseline and Final Mean Teacher Response for Comparison to “Typical” Scale (with Effect Size)

ltem Baseline Final ‘
Mean Rating Mean Rating Net Change Effect Size
In using computers, my students are... 2.21 240 +.19 .31
In using software, my students are... 2.09 2.27 +.18 .32
In learning new technology, my students are... 218 2.35 +.17 .29

Two scales went down significantly, Teacher’s role in student success / How much difference the teacher
makes and Previous training’s value in preparing for technology use / Value of future training. All but one of the 15
items on the Teacher role / Difference scale went down. This seems to suggest that teachers perceived themselves as
being less effective or making less of a difference as the year went on. Some teachers call this the “wear-down”




factor: As the year goes on, they become less optimistic and feel less effective. Over the summer many teachers then
recharge and come back optimistic again in fall. The fact that this scale was significantly lower at final should not
surprise us. It suggests instead that technology does not enhance the teachers’ sense of impact. As further evidence
that this scale may be measuring a technology-independent variable, it is worth noting that —in the depths of snowy
and cold February—teachers actually rated this scale lower than at final. The Previous training/ Future training
scale lists seven possible sources of previous preparation to use technology and asks the respondent to rate the extent
to which he or she acquired skills from that source. The scale next lists 17 different types of training and asks the
respondent to rate the potential benefit of each on a five-point scale. Of the 7 sources listed, only one source showed
a significant increase in teachers attributing their computer skills to its role. That source was in-service courses and
workshops and showed a mean change from 2.85 on the baseline to 3.23 on the final (ES = +.51, medium). Of the 17
different types of training listed, all showed marked drops in perceived benefit baseline-to-final. The mean
differences ranged from -.22 to -.57. There were still five types of training that are at or above the middle position
(moderate benefit) and that these five are ones that were among the top rated types on the baseline as well. While all
17 types rated at (or within .02 of) at least small benefit on the baseline, two types of training —introductory
computer basics and word processing basics—were now below that level, suggesting a sizable portion of teachers
rated them as of no benefit. In general, all “basic” training now seemed of lower perceived benefit.

Teachers rated quality of tech support significantly higher on final than on baseline and, as Table 9 shows,

two of the scale’s three items had notable effect sizes.

Table 9. Baseline and Final Mean Teacher Response for Quali

Final

of Tech Support Scale (with Effect Size)

Baseline

Mean Rating Mean Rating Net Change Effect Size
| have enough access to tech support to resolve hardware, 3.01 3.48 +.47 46
software, and tech use problems.
| [do not] have to contact our tech-support person several times 3.29 3.62 +.33 .31
before | get assistance.*
The on-site tech-support person is committed to getting the 3.81 3.96 +.16 A7
technology running and keeping it running well.

* Note: Words in brackets indicate item was reversed on the survey.

The Classroom Computer Integration scale lists a variety of ways to use technology and asks the teacher to
rate frequency of use on a five-point scale from not at all (1) to every day (5). Table 10 shows the baseline and final
means, net change, and effect sizes for all 12 items. It lists items in descending order, based on final reported

frequency of use.

Table 10. Baseline and Final Mean Teacher Ratings for Classroom Computer Integration Scale (with Effect Size)
Baseline
Mean

Item (Uses)

Final

Net

Effect

__ Mean

~ Change @

Size |

Independent learning (students working alone on individual computers) 3.93 4.05 +.12 0.12

As a research and class preparation tool for you 3.84 4.01 +.17 0.15

Individual instruction (one student on one computer) 3.67 3.96 +.29 0.27

As an instructional resource for students (Websites, online files) 3.38 3.65 +.28 0.26

As a research tool for students 3.1 3.45 +.35 0.33

As a productivity tool for students (create charts, reports, other products/artifacts) 3.28 3.37 +.09 0.09
As a communication tool for you and your students (email, electronic discussion) 297 3.33 +.35 0.21
As a problem-solving tool for students 3.1 3.28 +.17 0.16

Cooperative groups (teams working on computers) 3.05 292 -13 -0.11

As a classroom presentation tool for you and/or your students 2.56 2.79 +.22 0.19

Whole class instruction (one computer as central focus) 2.37 2.69 i 0.25

Small group instruction (teaching subgroup of students using a single computer) 2.08 2.61 +.54 0.43

Only one of 12 uses has lower reported frequency on the final than on the baseline: use by cooperative
groups, and that effect size is less than .2 (as well as the reported final frequency still hovering close to the once a
week point on the scale). In fact, it appears to be a verified common use of computers by sixth-grade teachers, since
use of computers by a team of students made up 15.6% of observed computer use during the final set of observations
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(see Table 3). The two most frequent reported uses are for independent learning by students and as a teacher
research and class preparation tool. On the five-point scale, these equate to several times a week. These were the
two most frequent uses reported on the baseline as well. Although both final frequency means are higher than on the
baseline, the change does not meet the .2 threshold. The next use is individual instruction and teachers reported it
was also used close to several times a week. The increase from baseline to final was significant, with an effect size
of +.27. This seems to confirm what the observer found in final observations, where individual student use of
computers constituted 22.3% of observed computer use. The next five uses were reportedly used more than once a
week, but less than several times a week. Of these five, four had effect sizes larger than +.2. Of the final four uses in
the list that were reportedly used less frequently than once a week, two had effect sizes greater than +.2. These two,
whole class instruction and small group instruction, are the least frequently reported uses of computers, but both
increased notably from baseline. In particular, small group instruction showed the greatest change, moving from
once a month or less to almost two-thirds of the way to once a week.

Going back to Table 7, we find the next largest scale effect size is for general school support for
technology use (ES = +.31). This ten-item scale addresses time, access, nature of training, and administrative
encouragement. Respondents were asked to rate their agreement with a series of statements, using a five-point scale
from strongly disagree (1) to strongly agree (5). Six of the 10 items met the .2 effect size threshold, all positive (see
Table 11). While these six statements showed significant baseline-to-final increases, it is perhaps useful to examine
the final means as a way of gauging teacher end-of-year sentiment. Respondents moved substantially closer to agree
in terms of their rating of administrative support for training. This suggests an enhanced perception of such support.
The next three statements, however, were ones where respondents are only one-third or so higher than neutral in
their final mean responses. This suggests either that many respondents were undecided on these statements or
perhaps that some group of teachers was in greater agreement, while another was in lesser. The final two statements
in Table 11 are ones that have moved from halfway between disagree and neutral to two-thirds of the way. While
this is desirable, once again, it suggests at least some sizeable portion of respondents still disagreed with these
statements. Thus, it appears that there may have been room for improvement in teacher perception of general school
support.

Table 11. Baseline and Final Mean Teacher Ratings for Key Items from General School Support Scale

(with Effect Size, Ordered by Final Mean)
Baseline Final Net Effect
Item Mean Mean Change Size

The administration supports technology-related training. 3.70 3.87 +.17 .22
My school gives me enough tech-related support. 3.09 3.39 +.31 .32
| have had adequate training in using computers. 3.12 3.36 +.24 .22
Training is offered often enough to meet my needs. 297 3.29 +.32 .34
Teachers [do] have enough time to develop good instruction using technology. * 2.46 2.7 +.26 .26
| have enough time to learn computer skills 2.45 2.68 +.23 .23

* Note: Words in brackets indicate item was reversed on the survey.

On the student use of types of software scale teachers were asked to tell the frequency with which their
students used 15 types of software. The scale offered five points, from not at all (1) to every day (5). Eight of these
items showed significant changes in reported frequency baseline-to-final. Table 12 lists all 15 uses, ordered by final
survey reported frequency of use. The top four student uses remain the same baseline-to-final, although all show a
marked and significant increase in reported use. Reported student use of drill-and-practice software jumped ahead of
educational games (whose reported use was unchanged). The single greatest change was in reported use of
presentation software, which is now used approximately once a month. Graphics software exhibited a similar rise in
frequency of use and is also now reportedly used about once a month. The three types of software reported as having
the lowest frequency of use were simulations, movie-making, and collaborative writing. These same types of
software were rated as three of the least frequently used pieces of software on the baseline (and on the midpoint).
While simulations showed lower reported student use on the final than on the baseline, that difference had an effect
size less than .2. Only one use showed lower reported frequency of use at that level on the final survey:
collaborative writing software. Based on teacher comments, it appears this software was little used during the study.



Table 12. Baseline and Final Mean Teacher Ratings for Student Software Use
(with Effect Size, Ordered by Reported Frequency)

Baseline Final Net Effect
Item (Type of Software) Mean Mean Change Size
Word processor (AppleWorks, Open Office, etc.) 3.81 4.02 +.21 .23
Web browser (Internet Explorer, Netscape, etc.) 3.67 3.91 +.25 .26
Online search engines (Google, Yahoo, MSN, etc.) 3.35 3.70 +.34 .31
Websites with downloadable images or files. 2.96 3.24 +.28 .22
Drill and practice (quiz programs, self-test and practice programs, multiplication drills, etc.) 2.58 2.89 +.31 .25
Educational games (Tom Snyder products, History Concentration, Alien Rescue, etc.) 2.89 2.89 +.01 0
Presentation software (Keynote, PowerPoint, etc.) 1.88 2.36 +.48 .58
Graphics (iPhoto, PhotoShop, GraphicsConverter, etc.) 1.91 2.22 +.30 .31
Teaching and learning programs (Geometer's Sketchpad, MasterKey, etc.) 2.00 2.09 +.09 .08
Spreadsheet (AppleWorks, Open Office, etc.) 1.93 2.07 +.15 15
Database (AppleWorks, Open Office, etc.) 1.73 1.78 +.05 .05
Audio capture / editing (Audio Recorder, Finale Notepad, QuickTime, etc.) 1.54 1.67 +.13 15
Simulations (Sim City, Sim Ant, etc.) 1.66 1.54 -12 -12
Movie-making (iMovie) 1.50 1.52 +.02 .03
Collaborative writing (SubEthaEdit) 1.74 1.52 =21 =21

Principal Interview Findings

Although principal interviews used a structured form and this same form was used with both principals and
assistant principals, the data gathered tend to be more divergent. That is, because of the interactive interview
process, respondents sometimes headed in directions that differed slightly from those initially intended by a
question. At the same time, such divergence tends to produce a richer data set. While some questions were common
to all three interview forms, each interview also used different questions focused on identifying changes occurring as
the year progressed. This section summarizes the three interviews holistically, emphasizing changes as appropriate.

When asked in October, principals said one would see little technology use in classrooms in the building,
but this changed progressively to the point at final that they felt technology was widely used and widely integrated
into the classroom ethos. This matches what student and teacher surveys and classroom observations suggested. As
might be expected, principals noted technological issues as serious problems as the beginning but these became less
a concern as the year went on. Many principals noted teacher anxiety as a “technology-related problem” in the early
stages, but not at final. This suggests the teachers were indeed becoming more comfortable working with technology
and more confident in their abilities and the abilities of their students.

Principals noted that the laptop initiative appeared to be leading to better teacher planning for classes and a
change from teacher-centered, more authoritative models of teaching to more student-centered, distributed-
knowledge models. Principals noted that the availability of online resources and content seemed to have enriched the
instructional environment considerably, reducing reliance on the textbook. Better time management was also cited,
since the use of online resources like First in Math™ and other similar activities made it possible to use even small
time segments for instruction, as well as offering the chance to keep all members of the class engaged at their own
instructional level while addressing the needs of subgroups of students in the classroom. Principals suggested this
led to more hands-on time and more time-on-task than was previously possible. Principals also noted that students
were beginning to move toward seeing a need for communication: They read and write to persuade, with technology
helping them present their arguments. This seems to confirm the dramatic increase in use of presentation software
revealed in both survey and observation.

In disagreement with teacher surveys, principals felt there was insufficient support for technology use.
They appeared, however, less focused on nuts-and-bolts tech support and more focused on support for curricular
integration of technology and enhanced teaching/learning practice. They saw the beginnings of use of technology to
differentiate instruction and were anxious to see this use enhanced. One principal noted that the greatest benefit of
the initiative was staff development: Teachers were being exposed to new instructional techniques and technology
was being used to facilitate the implementation of these techniques. All principals wanted more such in-service
training, feeling that it did much to enhance the effectiveness of the teaching staff, regardless of technology use.
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Principals were asked to put a dollar amount on the value to each individual student of having a laptop
computer for the entire year. This question was a challenge for them. Three of the five classified its value differently
according to the user or use, suggesting a range of value. The responses of the five respondents who were able to
assign a dollar figure ranged between $250 per student and $3333 per student (mean range: $1300 to $1500 per
student). They felt the value depended on the nature of the student and the use, suggesting students who lacked
access outside school or who were more challenged academically perhaps benefited more than other students. As
one principal said, “It’s the equalizer; it puts every kid on the same level.” They noted that the initiative had
equalized access and instructional practice across the schools, eliminating what some perceived as pre-existing
inequalities among the four middle schools.

Principals suggested the laptop initiative produced more engaged teachers and learners and more
enthusiasm among students for learning. Principals suggested this was not based on the technology itself, but rather
on the access to resources it provided and the changes in teaching practice that had accompanied the use of
technology. Principals also noted that students seemed better equipped with real-world skills than they had been
before the initiative was implemented. Principals universally praised the school board for its courage in supporting
the laptop initiative, suggesting the initiative should be continued.

Discussion and Interpretation

The final survey data support the conclusion that tech support currently meets teachers’ perceived needs.
Although principals cited a variety of minor glitches and logistic problems in all three sets of interviews, the
teachers almost universally seemed pleased with both the level of support they received and the responsiveness of
those who supply it. Given the size of this initiative and the demands it places on a school district, this is certainly
something to which the district may point with pride. That teachers and principals now wanted to move further and
get deeper into curricular applications and integration is a favorable sign.

Special education teachers appear to have embraced this initiative. They showed significantly more
favorable reactions across a wide range of items on both midpoint and final survey and rated their students as
working more independently on the midpoint than the baseline and on the final than on the midpoint. Analysis of
baseline-to-final changes show the greatest changes among all teachers surveyed, changes that suggest special
education teachers were using technology, their students were using technology, and both special education teachers
and students were growing in confidence and independence. There is much discussion in the literature about how
technology can help special populations, in many cases such help is limited by the amount of technology available to
them. If special education teachers were correct in their assessment that students were able to perform more tasks
independently without teacher help, this offers the possibility of providing a kind of ‘intellectual robotics’ that
enables special education teachers to do more with technology than they would be able to do without it.

Anecdotal reports from the principals indicated students may be more engaged by laptop-enriched learning
experiences. Several principals also suggested each student having a laptop may enable teachers to do some basic
differentiated instruction, mostly through pacing and individualized materials. Principal comments implied support
for curricular integration continued to be the most pressing need in the school district. They indicated the greatest
potential of the technology may be in differentiating instruction to address the needs of a much wider range of
students than most teachers were currently able to address. In fact, in final interviews, some principals even
suggested the district might consider moving from individual laptops to class sets, freeing previously committed
funds for use in enhancing professional development for curricular integration and differentiated instruction.

In any school district, at least some portion of the population will likely leave school prior to graduation
from high school. Student ratings of their own technology abilities went up significantly on the posttest measure and
students viewed themselves as even more capable than “typical” students. If teacher and student assessments of
student independence using technology are accurate, this initiative appeared to be producing at least some of what
are termed 21st Century Technology Skills in middle school students. This should enhance their real-world
employment opportunities, regardless of how much farther they go in the system.

Clearly, an initiative like this one is expensive. Most principals suggested having a laptop was of greater
value to some students, for some subjects, and when used by certain kinds of teachers. Should the district have to
reduce the scope of the laptop initiative in future, this may offer a starting point for hard decisions. For instance,
exactly which students benefit the most and why? Which subjects lend themselves most to academic enhancement
through use of laptops? And what are the characteristics of teachers who make the most effective use of laptops with
their students?

When principals were specifically asked to judge whether the laptop initiative was a success or not, they
unanimously rated it as a success, although they noted ways in which its implementation might be improved in
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future. As one of the principals noted in the midpoint interviews, it is not technology that makes the difference; it is
solid pedagogy. Thus, while having laptops may enhance instructional opportunity, it cannot, in and of itself,
enhance academic achievement. The principals suggested, however, that discontinuing the initiative would have
negative effects on instructional practice and morale, as well as act to reinstate some of the educational inequities
that apparently existed before the initiative was implemented. Several principals also suggested at least some
segment of the parent population would be disturbed, perhaps because of lost opportunities for their children,
perhaps because a school laptop represents almost the only way their children can gain access to such technology.
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Chinese Students’ Perceptions of
Cooperative Online Distance Education Interaction

Yu-ching Chen
University of Central Florida

Background Information

Interaction is considered to be a necessary and important ingredient for a successful learning experience so
distance learning practitioners and researchers have concerned with how much interaction a distance learning
environment could provide for students (Mclsaac & Gunawardena, 1996). Vygotsky (1978, 1986) asserts that a
great deal of learning occurs in a social context and is brought out by interactions with other people. The process of
interactivity among learners brings in the benefits including analyzing, synthesizing, and evaluating course content
(Lave, 1991), increases in learning achievement (Bates, 1993), applying higher levels of cognitive processing
(Garrison, 1993), and development of collaborative and cooperative learning skills (Berge, 1995). Computers can
potentially contribute to a sense of community within the group and create a social bond which offers important
motivational and cognitive benefits in learning (Harasim, 1992).

Western culture values individualism; pedagogical practices are designed for developing individualism and
individuated skills while Chinese culture is highly collectivist and pedagogical practices tend to reflect the
importance of the group (Carson, 1992). As a result of culture differences, online interaction practices in distance
learning within Western culture may not be beneficial to Chinese students.

The purpose of this study was to find out Chinese students’ attitude toward their interactions with peers,
instructors, course material, and interface in a cooperative online distance education environment. The kinds of
interaction facilitating Chinese students’ learning, the barriers encountered, and suggestions to overcome these
barriers were investigated in the study.

Activity theory was applied in analyzing Chinese students’ interactions in a cooperative distance learning
environment. Activity theory (Leont’ev, 1978; Vygotsky, 1978) is increasingly being used to explain social aspects
of technology-supported learning (Jonassen, 2002). Activity theory can contribute to computer-supported
collaborative learning by “[understanding] learning not as the internalization of discrete information or skills by
individuals, but rather as expanding involvement over time—social as well as intellectual—with other people and
the tools available in their culture” (Russell, 2002, p. 65).

Activity theory has its origins in the social-historical approaches around 70 years ago and can be
characterized in (a) objective, (b) ecological, and (c) socio-cultural perspectives on human activity (Kaptelinin,
1996). The key elements of activity theory related to computer-supported cooperative learning are shown in Figure 1:

Instruments

!

Subject T o Object + Cukzome

¥
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Figure 1. Engestrom’s classic model of Activity Theory. The model shows the relationship between the subject, the
object and the community, as well as how rules, instruments, and the division of labor are used in transforming the
object into the desired outcome (Engestroem, 1987).
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There are seven elements in the model and the definition of each element as follows (Jonassen, 2002; Jonassen
& Rohrer-Murphy, 1999; Collis & Margaryan, 2004):

1. Subject: The individuals such as leaner, peers, facilitator, supervisor, instructor, and mentor who
participated in the activity.

2. Instruments: Methods, resources, supports, online tools and environments that facilitate the activity such as
technological tools, networks, and learning resources.

3. Object: Products created by the subjects during the activity such as learning tasks, assignments, and
projects.

4. Community: Socio-cultural environment in which interactivity takes place such as virtual classroom and
organization.

5. Rules: Standards and norms of the community that rule the activity such as frameworks, culture and other
standards that influence the learning environment.

6. Division of Labor: Roles and relationships within the community that affect task division and
responsibilities. For example, roles and relationships within cooperative teams and courses.

7. Outcome: The overall results achieved by the activity system such as final products and learning outcome.

From the prospective of Activity theory, the process of cognition is no longer studied based on certain aspects
individually but on the interaction between learners, tools, resources, and context that influence learning in a socio-
cultural setting.

Methodology

A purposeful sampling was used to select participants in University of Central Florida who: (1) have taken
at least 2 online or mixed mode courses; (2) have used the function of discussion board or chat room; and (3) must
be over 18 years old. Four in-depth interviews were conducted to give an in-depth portrait of their participation. In
order to completely understanding the feelings of the participants, the qualitative research was conducted for
researcher to go deep into the interviews. The whole interview was recorded. The audio-tape was then transcribed by
the researcher and a Grounded Theory Analysis based on Activity theory was done on the transcripts.

Data was gathered in the fall 2006 semester and consisted of: (1) Four face-to-face audio-taped semi-
structured interviews lasted for 30 to 50 minutes; and (2) Four field notes, 5 analytic memos and more than 20
journal entries. Recordings were transcribed and compared with field notes, analytic memos and researcher’s journal
for details. The data was analyzed using Grounded Theory methods.

Results and discussion

The results that organized according to Activity Theory indicate:
Subject—Subject

A number of participants said that course mail was commonly used in Chinese students’ cooperative online
interaction and it was helpful to their learning. They felt that they were comfortable to interact with others by this
asynchronous communication tool because they were allowed to have more time understanding what others said and
have sufficient time to respond to others. The participants expressed that:

“I like email, I usually ask questions and if we had teamwork, I discussed with my teammates
and asked professor questions using emails.”

“we usually used email to contact with others. We used email to exchange word documents,

draft, something like that.... I like email because I can have more time to think about what I
want to say and I have more time to check their feedback and response.”
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Asynchronous online discussion boards were also commonly used and they were regarded to be a helpful tool in
Chinese students’ cooperative online interaction. A participant said that:

“...the discussion board is useful for me to post our reflection for the class and our projects.
For me and for that class, the discussion board most of the time is to post something but
sometimes we can get feedback from classmates.”

Rules—Instruments

However, synchronous online discussion tools such as chat room were not regarded to be useful to Chinese
students according to their cooperative learning experience. All participants expressed the similar experience that
they didn’t like to use chat room due to flaws in technology and language barrier.

“I don’t like chat room is that I think the design of the program is not good at all. I mean if
there are more than three or four [people participated], if more people talk at the same time,
the screen will refresh very quickly and it’s hard to track what was said.”

“I can not type English very fast so sometimes I felt that I can’t catch up [with] their speed.
Sometimes when I finish my typing, they already jump to the next topic or next issue. So let
me feel like kind of, you know...embarrassed or upset.”

Subject—Community

As for Chinese students’ attitude toward cooperative online interaction, in general, most of them had
passive attitudes toward cooperative online discussions. They basically didn’t actively take part in discussions unless
they were required to do so. However, compared to face-to-face discussions, they felt more comfortable and were
more willing to express themselves in online environments.

“I don’t feel stressed in posting discussions. The professors set up due dates and I posted
when required. If I don’t post it I won’t get grade.”

“For me, if you don’t ask me to [express my ideas] I won’t do it but I think for somebody, if
you ask them to do, I think Asian students will express themselves more freely if they are
required to in the online environment than in face-to-face class.”

Division of Labor—Instrument

To improve cooperative online interaction and make Chinese students’ learning experience a successful one,
most of them agreed that instructors’ skills in designing activities and facilitating interactions were essential abilities
in promoting successful cooperative online distance education interaction.

“I believe that [a comfortable online discussion environment] depends on how the professor
designed the courses. The way the professor designed that could make me comfortable to
express my ideas. I think it’s the feeling to make you feel comfortable and you will be more
willing to talk.”

“I think the professor’s ability to use chat room was important. If the professor could keep
an eye on all students in the chat room and facilitate some students. I think that’ll be
better.”
Subject—Instrument
To facilitate Chinese students’ cooperative online distance education interaction, participants recommended

integrating more technology features such as video and audio into cooperative online learning environment to help
them correctly interpret others’ ideas and efficiently communicate with others.
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“I think maybe they can use some kind of video chat so I can see others’ faces to feel more
reality not just see words.”

“I would like to say to integrate video and audio communication tools there, I think that’ll
be much better and much efficient and effective to communicate.”

Conclusion

According to Chinese students’ cooperative online learning experience, interacting with other peers and
instructor was frequently taken place and asynchronous communication tools such as email, course mail, and
discussion boards contributed to their interactivity and learning. However, due to barriers such as language and
cultural difference, Chinese students were not fully comfortable in interacting with others using synchronous
communication tools. They needed more time to organize their ideas, as well as understand others’ and needed time
to compose their feedback. The interface of these tools and instructors’ facilitation skills were considered to be an
important role in successful cooperative online learning interaction. Because of culture difference, Chinese students
would not actively participate in cooperative online learning interactions unless they were asked to do so. Besides
instructor’s facilitation skills, integrating technological communication features such as video and audio into chat
room was recommended to improve cooperative online learning interaction. To better serve Chinese students’
learning needs and help improve their learning outcomes, instructional designers and instructors should be aware of
Chinese students’ experience of interaction in cooperative online distance education.
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Abstract

The purpose of this study was to examine the efficiency of three different interface types on Web-based
instruction: a text-based interface, a graphical interface and a metaphorical interface. In order to determine which
interface type reduces cognitive load, learning efficiency scores formulated with performance scores and mental
effort levels from 50 undergraduate students were compared. Results indicated there was no difference among the
groups in terms of learning efficiency. Based on the results, implications for instructional designers are presented.

Introduction

In Web-based instruction, the user interface is a communication point between an instructional unit and a
learner. While instructional designers are making efforts to develop effective and aesthetically pleasing interfaces,
designing a usable and appealing interface, in fact, is still challenging for instructional designers (Metros & Hedberg,
2002; Chalmers, 2003). The importance of the user interface in Web-based instruction has been emphasized by
many researchers: attracting learners’ attention (Hron, 1998; Szabo & Kanuka, 1998), facilitating communication
between a learning domain and learners (Metros & Hedberg, 2002; Parizotto-Ribeiro & Hammond, 2005), and
reducing cognitive load (Chalmers, 2003; Haag & Snetsigner, 1993; Hannafin & Hooper, 1989).

Cognitive load has been measured by a learner’s difficulty level or time to completion. In addition, a
learning efficiency metric has been used to quantify the efficiency of instruction (e.g., Clark, Nguyen & Sweller,
2005; Tuovine & Paas, 2004). The efficiency score is calculated by performance and mental effort, meaning a high
efficiency condition occurs when performance is higher and effort is less (Tuovinen & Paas, 2004). Based on
cognitive load theory, researchers and practitioners have proposed interface design guidelines (e.g., Norman, 1998;
Shneiderman & Plaisant, 2005; Swan, 2001). The following guidelines have been proposed to reduce cognitive load;
(a) provide informative system feedback (Norman, 1998; Shneiderman & Plaisant, 2005); (b) use intuitive elements
(Norman, 1998); (c) provide directions (Swan, 2004); (d) avoid extraneous objects (Beriswill, 1998; Swan, 2004);
(e) use organizational strategies (Chalmers, 2003; Norman, 1998); (f) provide visual elements (Swan, 2004); and (g)
enhance learner’s autonomy (Shneiderman & Plaisant, 2005; Swan, 2004).

A cognitive load perspective is used to evaluate how well the user interface supports the cognitive
processes involved in the task (Plass, 1998), and the goal of the approach is the interface should impose as minimal
as possible a cognitive load on the learner (Stoney & Wild, 1998). In a graphical user interface, graphical elements
have been used to make Web pages pleasing in order to get users’ attention. In addition, the elements use metaphors
to assist users to intuitively navigate through a system (Lang, 2003). While menu buttons or images employ different
metaphors to reflect each function in a graphical interface, metaphorical interface design has been proposed to
connect whole-screen or system-environment to the instructional content (Haag & Snetsigner, 1993). A metaphorical
interface design focuses on creating an interactive environment that reflects the learning content in order to provide
learners with instructional cues. Metaphor plays a significant role in scaffolding the learner to intuitively interact
with multimedia resources (Hron, 1998; Lang, 2003), because it helps the learner structure links between theme and
content (Cates, 1996; Hron, 1998). Like graphical user interfaces, metaphorical interfaces can also decrease
cognitive load and disorientation (Hron, 1998). However, there is little empirical evidence for the benefits of
graphical or metaphorical interface regarding learning outcomes and cognitive load. Therefore, the purpose of this
study was to examine if the interface of Web-based instruction affects learners’ performance and cognitive load with
three different interface types: a text-based interface, a graphical interface and a metaphorical interface.
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Methodology

Three different types of user interface were implemented with the same content on Cognitive Information
Processing theory. The process of developing these three instructional units consisted of two layers: content layer

and interface layer (Beriswill, 1998). First, in the content layer, |

earning materials, which were presented in the form

of various media types, such as images and interactive sample experiments, were developed to provide the learners
with cohesive learning. The same learning materials, including informational graphics and interactions, were used in
all three instructional units. Next, in the interface layer, design guidelines based on various studies were applied to
implement three different user interfaces as shown in Figures 1, 2 and 3. These instructional units provided different

navigation designs, but the basic mechanism was same in that th
navigation.

e units had both linear and user-controlled
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Figure 1. Text-based interface implemented with typography and basic design guideline (Lee & Boling, 1999)
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Figure 3. Metaphorical interface with primary and secondary metaphor (e.g., Cates, 1994; Lang, 2003; Hron, 1998)

Various data were collected from fifty undergraduate students: a pretest score, time to complete the
instruction, a difficulty level of the instruction, a posttest score and responses for the attitude survey adapted from
the studies of Ciavarelli (2003) and Moreno and Valdez (2005). The difficulty level, which can be called mental
effort rating, was rated by the question adapted from Kalyuga and Sweller (2005): “Please indicate how difficult the
test you just took was by clicking on the appropriate degree of difficulty.” The participants had to select one of the
nine degrees ranging from extremely easy to extremely difficult. Cognitive load was measured with the time to
completion, the mental effort for instruction, and the responses to the questions in the attitude survey. The
mental effort and score difference between pretest and posttest were used to quantify learning efficiency.

Results

First, pretest scores and post test scores were analyzed with one-between, one-within mixed analysis of
variance (ANOVA). There was no difference of learning performance regarding interface types while all instructions
were effective in increasing test scores (F=2.356, p=.109).

Second, three variables were used to compare cognitive load in the three interface groups: (a) mental effort
for the instruction, (b) time to completion for the instruction and (c) attitude survey data. The mental effort scores
were obtained when students rated the degree of difficulty on a scale of 1 to 9. The analysis of variable (ANOVA)
revealed that there was no difference among groups in terms of mental efforts and time to completion (Time to
completion: F=.123, p=.884; mental efforts: F=.609, p=.549).

Third, the performance score and mental effort for the instruction were used to quantify learning efficiency.
This analysis followed Paas, Tuovinen, van Merrienboer and Darabi (2005) process for measuring efficiency.
Regarding the performance score, differences between the pretest and posttest scores were used in the learning
efficiency formula because the pretest scores among groups were different. The two data were standardized since
they were scored with different scale, and learning efficiency score was computed by the formula as follows:

P-M, .
E= T (E = efficiency, P = performance, M= mental effort)

The graphical interface had the highest efficiency score (£=.1240) as compared to the text-based interface (E=-
.0882) and the metaphorical interface (E=-.0052, but the analysis of variance (ANOVA) revealed that there was no
difference among groups in terms of efficiency scores (F =.101, p=.904).

Finally, the answers to the six questions in the attitude survey regarding cognitive load showed that there
was no difference other than the question number 4 asking if the interface captured learners’ attention (F=8.400,
p=-001). The mean scores and standard deviations presented in Table 1.
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Table 1
The mean scores of the attitude survey questions

Questions Text-based Graphical Metaphorical
1. It took too long to complete. 3.62 (1.12)* 3.38 (1.39)*  3.63 (0.60)*
2. There is too much information on the pages. 3.69 (1.03)* 3.00 (1.41)*  3.42 (0.90)*
3. Graphics or other elements on the pages are distracting. 4.54 (0.52)* 438 (0.51)* 4.26 (0.45)*
4. Elements on thé page, such as heading and graphics, 277 (1.01) 3.15 (0.90) 4.00 (0.75)
focused my attention.
5. The information layout and locations are consistent
throughout the instruction. 4.08 (0.95) 3.69 (0.75) 4.05 (0.78)
6. The menu is consistent throughout the instruction. 4.15(0.99) 3.77 (0.84) 4.16 (0.38)

? Standard deviations are given in parentheses
* The three values of the question 1, 2 and 3 were recoded so that higher number represents positive perception.

Discussion and conclusion

This study was designed to explore the effects of interface on Web-based instruction. It should be noted that
all interface types applied design guidelines based on the previous research and convention. The hypothesis was that
a metaphorical interface would be the most effective and efficient interface, but the results revealed that there was
no significant difference among groups in terms of performance or cognitive load. The implications of this research
are informative to instructional designers as they develop Web-based instruction. First, this study revealed that
interface did not exert any influence on learning performance, so instructional designers and developers should
focus on creating meaningful instruction with interactions because the learners depend on more these elements than
on the interface. Second, interface did not affect learners’ cognitive load and learning efficiency. An aesthetically
pleasing interface did not make any difference in cognitive load. It implies that time-consuming works of making
attractive interface may not be worth the investment.

Even though the results indicated that both graphical interface and metaphorical interface were not
beneficial to learning, the study requires further investigation with different assessment, domain and learning
materials. For example, the assessment in this study was focused more on declarative knowledge, so a different
assessment which includes more procedural or application knowledge might produce different results. A concrete
domain instead of the abstract domain that was used in this study could be examined with different interface types.
In addition, one type of interface with different types of learning materials could investigate to determine which
combination of interface type and learning material is more effective.
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Abstract

The primary goal of the study is to analyze learner behaviors during collaborative group work in a digital learning
community. A qualitative data analysis program, NVivo 2, was used to code the vast amount of online transcripts
and written interviews based on the grounded theory. Resulting codes were aligned in the four subsystems of
activity theory and the activation of subsystems by group work phases was investigated. Conflicting factors and
facilitating factors while college students achieve a common learning goal were identified. At the same time,
whether the high performing groups show patterns of learner behaviors, conflicting factors, and facilitating factors
that differ from those of the low performing groups was examined.

Introduction

A digital learning community (DLC) is an emerging instructional approach that embraces the characteristics
of collaborative learning and computer-mediated communication in networked environments. A DLC draws
attention because it provides students with opportunities to extend their learning experiences by sharing their new
ideas with, and receiving critical and constructive feedback from, community members (Palloff & Pratt, 2005).

Also, learning together in a DLC provides chances for students to improve collaboration and communication skills
that are required on the job (Bennett, 2005). Furthermore, teamwork is another generic skill developed in higher
education (Candy, Crebert, & O’Leary, 1994). In recognizing the benefits of a DLC, the questions that come to mind
are “How do learners in a DLC collaborate to achieve a common learning goal?” and “How do we need to design
and support such nontraditional pedagogies of learning?”

Despite the promising benefits of collaborative learning, learners experience tensions from mixed feelings of
wanting to learn independently and a fear of being isolated from the community. Dirkx and Smith (2005) argued that
these negative experiences are derived from “ambivalence.” A major focus of Computer-Supported Collaborative
Learning (CSCL) has been providing better ways of understanding learners in communication and collaboration to
achieve learning goals. Group synergy created by collaboration, however, is not fully explained by CSCL theory and
still remains as abstraction (Stahl, 2006).

The direction of research has been geared toward two aspects of CSCL, that is, outcomes and processes.
Research examined the effectiveness of different tools, techniques, and learner outcomes in collaborative learning.
On the other hand, the process-oriented research examined socio-cultural factors and learners’ language acts
(Treleaven, 2004). Activity theory has been used to understand human behaviors in a social context and is one of the
major theories on which CSCL is based.

This study attempted to shed light on the process of online collaboration with activity theory. The
investigation revealed different patterns of learner behaviors during collaborative group work which is aligned with
the framework of activity theory. In particular, both facilitating and conflicting factors were identified after
analyzing the data from online transcripts and semi-structured interviews. This study also sought to determine if any
differences exist between high and low performing groups for both factors in their collaboration activities.

Theoretical Background
Activity theory is a philosophical and multi-disciplinary framework to research various forms of human
behaviors. It has been used as a socio-cultural analytical framework in social contexts with humans and mediators

(Kuutti, 1996; Jonassen & Rohrer-Murphy, 1999). The applications of activity theory are found in learning (Hung &
Wong, 2000; Barab, Barnett, Yamagata-Lynch, Squire, & Keating, 2002; Johri, 2005; Barab, Schatz, & Scheckler,
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2004), human-computer interaction (Kuutti, 1991; Nardi, 1995), instructional design (Jonassen & Rhorer-Murphy,
1999) and work practices (Engestrém & Middleton, 1996).

The root of activity theory stems from three historical origins: classical German philosophy from Kant to
Hegel, the writings of Marx and Engels, and the Soviet Russian cultural-historical psychology of Vygotsky,
Leont’ev, and Luria (Engestrém, 1987). Activity theory has evolved and reached the third generation. The first
generation of activity theory stems from the idea of mediation by Vygotsky. The second generation of activity
theory was derived from Leont’ev’s work. He made distinctions between an automatic operation, an individual
action, and a collective activity. The third generation of activity theory has expanded to include the activity system
by Engestrédm (1987).

Activity theory has been further developed as a practical model of human activity, an activity system. An
activity system contains six interacting components: subjects, objects, tools, rules, division of labor, and community.
Activity systems are organized to achieve the goals of activities of the activity subsystems (production, exchange,
distribution, and consumption subsystems) that describe functions, interactions, and relationships between the six
components. The production subsystem explains how subjects transform the object of the activity system into the
outcome. The exchange subsystem shows how subjects are constrained by rules and interact with the community in
accordance with the rules. The distribution subsystem describes how the community defines a division of labor for
the subject to accomplish the object of the activity system. Lastly, the consumption subsystem shows how the
subject and the community around the subject collaborate, and also how the community consumes effort from the
subject (Engestrom, 1987; Jonassen, 2000).

Research Questions
The study intended to answer the following questions:

1. What are the different patterns of learner behaviors in a digital learning community?

2. What are the emerging conflicting factors in a digital learning community?

3. What are the emerging facilitating factors in a digital learning community?

4. How do the high performing groups differ from the low performing groups in learner behaviors, conflicting
factors, and facilitating factors?

Method
Participants and Setting

In order to examine collaborators’ behaviors in an online environment, we chose six groups who enrolled in a
college-level class, titled ‘Information Society and Education,’ in the fall semester of 2006 at a large university in
Seoul, Korea. Though the class met offline every week, each group of four members also worked independently
online on the group project. Ranking each group according to performance, we selected three groups to form the
upper half and the other three to form the lower half. Each group selected an instructional design method, submitted
a project plan, and implemented an online course. At the end of the semester, each group presented the website they
implemented to the class. This research used online transcripts of 24 students and semi-structured interviews of
seven participants.

Procedures

The constant comparison method was used to capture real phenomena. As a result, the codes were created from
the raw data. The qualitative data analysis program, NVivo 2, was used to code consistently the online transcripts
from six groups for fifteen weeks. The coding scheme was divided into three main categories. The first category was
learner behaviors that represented the specific behaviors performed by participants. The second category was
conflicting factors and the third was facilitating factors. The codes in the learner behaviors category was then further
categorized into the related subsystems (production, distribution, exchange, consumption subsystems) defined in
activity theory. Upon completion of the coding scheme, the codes and the frequencies of the codes found in both the
upper and lower halves were compared.
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Results

First, the analysis identified 29 different types of learner behaviors. These 29 open codes generated by the
grounded theory revealed seven themes of learner behaviors in a digital learning community, as shown in Figure 1.
The seven themes were information seeking (i.e., share material), extraction of relevant information (i.e., summarize
material), idea generation (i.e., suggest an idea, request an idea, collect ideas, ask questions), co-construction (i.e.,
outline tasks, suggest a meeting, suggest group work, request to do work, etc.), division of tasks (i.e., divide tasks,
redistribute tasks), making or conforming to rules (i.e., suggest a rule, share template, remind of schedule, raise an
issue, etc.), and evaluation (i.e., evaluate material, evaluate self or peer work). The two most frequently observed
categories were information seeking and co-construction.

idea
generation

extraction of
relevant
information

information
seeking

Learner Behaviors
ina DLC

conforming
to rules

evaluation

division of
tasks

o—construction

Figure 1. Emerging themes of learner behaviors in a DLC

Those 29 different learner behaviors were aligned with the four subsystems of the activity system based on
activity theory. Among the four subsystems (production, consumption, distribution, and exchange subsystems) in the
activity system, the consumption subsystem had eleven different behaviors (i.e., share material, suggest an idea, ask
questions, etc.) and the highest frequencies of observations. The exchange subsystem had eight different behaviors
(i.e., suggest a rule, remind of schedule, evaluate peer work, etc.) and the production subsystem showed five
different behaviors (i.e., modifying material, submitting reports, writing meeting minutes, etc.). The production
subsystem had more incidents than the exchange subsystem even if it had fewer types of behaviors. Lastly, the
distribution subsystem showed one type of behavior, dividing tasks, and showed the least number of incidents.
Figure 2 shows how active each subsystem is according to the project phase.
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Figure 2. Activated subsystems by group work phases

Second, six different categories of conflicting factors emerged: inefficiency of work, unfamiliarity, difficulty in
communication, issues of roles, conflicting schedules, and technical difficulties (Table 2). The factor most
frequently appeared was inefficiency of work. The reasons of inefficiency included lack of skills, lack of group
rules, applying inefficient methods, and lack of necessary resources. The next most frequently mentioned factor was
difficulties of communication in online environment. This factor included uncertainty, nonparticipation, difficulty
with relationships, and delayed feedback. Other conflicting factors included role-related issues, unfamiliarity,
schedule conflicts, technical difficulties, etc. When the observed conflicting factors were matched with the
components in the activity system, the most frequently observed conflicting factors resided between subjects and
tools components.

Table 2
Emerged conflicting factors
Categories Open codes CODE Definitions
Inefficiency of ~ Lack of skills IW_LS Work is not performed efficiently
work due to a team member's lack of skills
regarding tools (e.g., Photoshop,
Flash) required to complete the group
project
Applying inefficient IW_AI Work is not performed efficiently
methods due to the fact that a team member
used inefficient methods to complete
the group project
Lack of resources IW_ LR Work is not performed efficiently
due to lack of resources to complete
the group project
Lack of group rules IW LG Work is not performed efficiently
due to the absence of rules defined
by team members to complete the
group project
Difficulty with finding  IW_DF Work is not performed efficiently
the relevant info due to the fact that team members do
not know how to find relevant
information
Unfamiliarity Unfamiliarity with UF_UP Frustrations due to unfamiliarity with
processes or methods how to proceed with the group
project and with what methods to use
Unfamiliarity with UF_TP Frustrations due to unfamiliarity
topics or material regarding the project topic or the

relevant material
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Difficulty in Uncertainty DC UN Difficulty in communication caused
Communi- by not understanding what other
cation team members meant exactly
Nonparticipation DC NO Difficulty in communication due to
the fact that a team member did not
participate in a decision making
process
Difficulty with DC DR Difficulty in communication due to
relationships discomfort among other team
members especially when there are
age differences
Delayed feedback DC DF Difficulty in communication caused
by the nature of asynchronicity of
online communication
Issues of Work delays IR WD Issues of roles due to the fact that a
roles team member does not complete
one's assigned work on time
Varying levels of IR VC Issues of roles due to the fact that a
contribution team member recognizes inequality
of efforts made by each team
member
Issues of role IR RA Issues of roles due to the fact that
assignment roles were not assigned equally.
Conlflicting Conlflicts with other CS_PC Conflicting schedules among team
schedules personal commitments members due to jobs, part-time work,
or other personal commitments.
Conflicts with other CS_EX Conflicting schedules among team
subjects/exams members due to other subjects or
exams
Technical System issues TD SY Issues with sharing files due to the
difficulties learning management system
Corrupted or TD FL Issues with sharing files due to

incompatible files

corrupted files, or incompatibilities
between different versions of
software, etc.

Third, the analysis revealed five facilitating factors: efficiency of work, effective communication, the
competence of team members, group cohesiveness, and goal orientation (Table 3). The most frequently observed
factor was group cohesiveness. This category was composed of intimacy, a sense of community, and encouraging
others. When the observed facilitating factors were placed in relevant components in the activity system, the most
frequently observed facilitating factors were located between subjects and community components.

Lastly, comparing the high performing groups with the low performing groups, no difference was found in
terms of types of learner behaviors. One evident difference was that the high performing groups revealed about 40%
more of such incidents. When the learner behavior codes were aligned in the activity system, the consumption
subsystem was the most highly activated subsystem, followed by the production, exchange, and distribution
subsystems, in that order. A salient difference between the high and low performing groups was that the frequency
of the behaviors in the consumption subsystem was in decline at the project completion phase for the high
performing groups, whereas that of the low performing groups was increasing. As for facilitating and conflicting
factors, the high performing groups revealed more incidents of conflicting factors and fewer incidents of facilitating

factors.
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Table 3
Emerged facilitating factors

Categories Open codes CODE Definitions
Efficiency of Applying EW_AE Work is performed efficiently because
work efficient methods team members use efficient methods to
do the group project
Conforming to EW_CR Work is performed efficiently because
rules team members follow the rules defined
by the team to do the group project
Efficient role EW_FR Work is performed efficiently due to
assignment efficient role assignment based on team
members' strengths
Effective Timely decision ~EC DM Team members make a decision
communication making through responsive communication
Honesty EC HO Team members talk straight regarding
the way or the quality of peer work
Proactiveness EC PR Team members show eagerness or take
an initiative in communication.
Competency of Responsibility CT RE Team members are responsible for the
team members assigned task or the project overall
Competency of CT CT Team members are competent in using
tools tools required to complete the group
project
Previous CT PE Team members have previous
experience experience or prior knowledge to do the
group project
Group Intimacy GC IN Team members feel close to each other
cohesiveness Sense of GC SC Team members have a sense of
community community, referring to the group as
'we', 'us', or 'our’
Encouraging GC_EO Team members encourage each other to
others keep up the good work
Goal oriented Sense of GO _SC Team members feel a sense of
competition competition with other teams
(performance goal)
Excellent GO_EX Team members strive to create
outcomes excellent outcomes (mastery goal)

Discussion and Implications

This study produced a coding scheme that can be used to analyze learners’ collaborative behaviors. To generate
a coding scheme we have used a mixed approach that is grounded in empirical data and theory based (activity
theory). The results of this study showed how production, exchange, distribution, and consumption subsystems were
activated during collaborative work. Each subsystem can be considered as a learning space in a digital learning
community. This study revealed that the consumption subsystem was the most highly activated subsystem
throughout the project phases. DLC design should be able to support learner behaviors identified in the consumption
subsystem. Likewise, when learners engage in the production subsystem, necessary tools or artifacts should be
available in the DLC environment. In addition, rules govern the learner behaviors during group work. DLC
designers should take into account rules that facilitate effective and productive learning. Lastly, division of labor
should be designed to ensure both individual accountability and optimal interdependency among team members.

Based on the conflicting factors found in this study, some implications can be made. First, there is a need for
different implementation strategies depending on the nature of conflicting factors. It was evident that some of the
conflicting factors are not as harmful but can serve as an alert for interventions. The fact that the high performing
groups revealed higher incidents of conflicting factors supports Engestrém’s point (2002) that development occurs
when contradictions are overcome. Apparently, other types of conflicting factors are harmful and can lead to
negative learning experiences or deficient learning outcomes. These include work delays, varying levels of
contribution, issues of role assignments, and nonparticipation. An instructor or a facilitator should proactively
monitor and intervene by using them as indicators.
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Recommendations for Future Research

Based on the results of this study, the following future research is suggested. First, the findings of the study
have drawn a few implications in providing an effective DLC learning environment. Those DLC design implications
are required to be validated and refined through design-based research. Second, the study implied two different
kinds of conflicting factors. This interpretation requires in-depth research regarding specific conflicting factors and
how these factors can affect student achievement or learning processes in a DLC. Third, group cohesiveness was the
most frequently observed category of facilitating factors. In this study, group cohesiveness is not directly related to
group performance. Further research on group cohesiveness and performance would be beneficial. Lastly, the digital
learning community in this study was formed rather involuntarily due to the nature of higher education. Future
research could replicate this study in an autonomously formed learning community to determine if it reveals
different patterns of learner behaviors, conflicting factors, and facilitating factors during group work.
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Instructional Strategies to Influence Self-Efficacy for Technology Integration:
A Study of Middle-School Preservice Teachers

Lies]l M. Combs
Michael A. Evans
Virginia Tech

Introduction

Middle schools are increasingly confronted with a broad mix of new and legacy digital technologies and
personal media devices — handheld computers in classrooms, cell phones in break rooms, and portable gaming
devices on playgrounds. The anticipated ubiquity of technological resources in schools, as evidenced by more and
more multifunctional, multipurpose wireless and mobile devices (take the iPhone for example) coming to market, is
driving teacher educators to re-examine preservice preparedness in light of such trends. In response, teacher
preparation educators have come to realize a significant need to shift purpose toward providing properly trained
teachers who are prepared for the influx of new digital technologies and media. A noticeable conundrum is that tech
savvy students outside the classroom become befuddled when asked to use same technologies for instructional
purposes. Thus, a noted issue in this area is the inconsistent level of technology integration among pre- and in-
service teachers. As explained in the literature, the inconsistency can be partially attributed to trends in acceptance
of technology within schools along with attitudes toward and competency in technology for classroom use (Brzycki
& Dudt, 2005; Finley & Hartman, 2004; Pope, Hare & Howard, 2005). With pre-service teachers reporting low
perceived competency levels, anxiety elevates as the demand to integrate through classroom practice becomes
imminent. Anxiety therefore, remains a barrier to technology acceptance, most significantly in the early phases of
technology adoption, when pre-service teachers receive training (Christiansen & Knezek, 2002).

To more thoroughly understand reasons behind this issue — low levels of perceived competency followed
by high levels of anxiety, and thus poor integration performance, we focus on the need to research and develop
instructional strategies for middle school teacher preparation programs. The perceptions of preservice teachers
toward technology have been widely identified as a target area; instructional strategies to influence these perceptions
being seen as a crucial area for further investigation (Delcourt & Kinzie, 1993; Glazewski & Brush, 2005;
Hakkinen, 1995; Reed & Overbaugh, 1993). Research, in regards to teacher preparation, is primarily designed to
make improvements and determine best practices for meeting standardized requirements. In response to the
increasing importance of state and national standards, a general concern surrounds understanding how teacher
preparation is changing to yield more teachers prepared for such responsibilities (Combs & Evans, 2007). As Topper
(2004) indicates, “The current movement towards standards for technology in teacher education provides an
opportunity to begin to study how teachers’ changing technology competence also influences their plans for
integrating technology into their classroom practices” (p. 303). Researchers have studied the effects of instructional
strategies and program design to determine some of the most effective strategies being used to incorporate the
fundamental technology component (Brzycki & Dudt, 2005; Collier, Weinburgh & Rivera, 2004). Combs & Evans
(2006) argue that potential benefits from instructional strategies designed to increase self-efficacy include improved
performance, increased confidence, excitement about future opportunities, and a heightened desire to uphold and
increase knowledge gained through training. The pressing pedagogical question is when and how to instruct
preservice teachers on effective, creative uses of instructional technologies and digital resources. Previous research
has indicated that increased self-efficacy positively effects future technology integration into classroom practice.

Self-efficacy beliefs provide a strong source of motivation for and predictor of technology use (Hill, Smith,
& Mann, 1987; Jorde-Bloom, 1988; Mclnerney, Mclnerney, & Sinclair, 1994; Milbrath & Kinzie, 2000). The
attitude toward a given task can severely affect the amount of effort exerted and therefore affects the desirability of
the outcome of the tasks and actions: learners must believe learning will influence and enhance their future and
opportunities (Bandura, 1977; Driscoll, 2005, p. 317). This results in a change in self-perception and therefore
influences a learners’ desire to proceed in the learning process, practice, and apply skills. Instructional strategies
developed for pre-service teachers to affect a learners’ perceived self-efficacy and the effect on the transfer has been
identified as a significant line of research to pursue (Ertmer, 2005). Consequently, our research question is this:
What effects do instructional strategies designed specifically to influence self-efficacy have on preservice teacher
perceptions of technology integration in the classroom?
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Method

For this study, we employed a participatory action research method (Kemmis & McTaggart, 2000). The
participants (n=14) were members of a cohort (n=22) of middle school pre-service teachers at a small university in
southwest Virginia. The cohort members were involved in the final year of a teacher preparation program and
actively participated in their school placements. Members of the cohort were also enrolled in an instructional
technology methods course that was required for degree completion. Fourteen of the twenty-two students enrolled in
the course gave written consent to participate in the research as directed through IRB procedures. Of the fourteen
participants, 11 were female and three were male with a mix of graduate and undergraduate as traditional and non-
traditional students.

In consideration of resources available within local school districts and needs expressed by practicing
teachers, the first author (as instructor-of-record) designed the instructional technology course with several critical
components in mind. First, it was important to display the realities of local classrooms (i.e. avoid sharing technology
not available or entirely beyond school budget). Second, it was essential to set realistic goals and begin with simpler
technologies. Third, participants needed just-in-time instruction, meaning it was important to help them develop
skills that could be immediately applied to their current classroom experiences. In taking all of these points into
consideration, the overall instructional strategy of the course was problem-based in nature; the instructor provided
tools and equipment where participants were encouraged to investigate applications of the equipment into their
current instructional planning. As an instructor, the focus was on providing opportunities for participants to become
familiar with and share ideas on using equipment; the focus for the participants was to explore their content areas
and grade levels and design instructional activities around their planning needs. The activities throughout the course
were purposed to encourage participant discovery with the intent of increasing self-efficacy toward technology use
for instruction. In addition, the activities involved using equipment, exploring web applications and general
programs with the intent of increasing the probability of transfer to their instructional planning and classrooms.

For the purpose of analysis and discussion, we focus solely on one activity designed with a mental models
approach to learning (Magliaro & Shambaugh, 2006). As Combs and Evans (2006; 2007) point out, when
individuals lack relevant prior knowledge, they are less likely to assimilate or accommodate new knowledge. Mental
models, which can be described as executable mental simulations (Mason-Mason & Tessmer, 2000), are significant
in the formation of new knowledge that can lead to success and thus increased self-efficacy. In this activity, both
participants and the instructor had a significant role in the execution of learning activities. The description of this
activity, the role of participants, and the role of the instructor are described as follows:

Activity Description
For a class period of approximately two hours, the participants rotated through five stations, each having
several pieces of instructional technology. The stations, as illustrated in Table 1, were completely disassembled and

all cords and accessories were packed in cases. Participants were instructed to determine the purpose of the station
and required to work to connect the equipment until they had an operable product (see Figure 1).
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"What 1s this?"

Figure I: Participe{nts beginning activity at Station 3

As an example, station one had an LCD projector and a visual data presenter. At this station, the
participants needed to use all the equipment and cords in order to present items displayed on the visual presenter to a
larger group. In order to complete the activity, participants were required to visit all five stations (see Table 1) with
at least minimal success (for this activity, mastery was not a requirement).

Table 1: Activity stations and their purposes

Equipment list

Purposes

Station 1 Station 2 Station 3 Station 4 Station 5
LCD projector LCD projector LCD projector LCD projector LCD projector
Visual data Kodak EasyShare Dell laptop DVD/VCR Dell laptop
presenter digital camera Intel QX5 combo Interwrite
Digital Blue Speakers SchoolPad
microscope
- To display - To display - To display - To display - To display
items placed on  photos/videos images/videos videos to large contents of a
the visual taken with the captured groups computer to
presenter to large camera to large through the - To explore large groups
groups groups microscope to alternative - Optional: to
- To learn basic - To explore large groups methods of learn basic
operation of the  alternative forms - To learn basic ~ video display in  operation of the
visual presenter, of display inthe  operation of the  the absence ofa  SchoolPad
explore usage absence of a digital television or
potential computer microscope computer

Role of the Participant

Participants were directed to collaborate with two or three other participants, thus forming groups of three
or four, with which to rotate through each of the five stations. As part of the activity, one member from each group
was responsible for writing complete instructions on how their group connected the equipment successfully (one set
of instructions per station yielding three or four separate sets of instructions from each group). For their instructions,
participants were encouraged to consider the perspective of a novice user and use language and vocabulary
appropriate for such an audience. An example given was a new teacher who may have been in their second or third
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career, thus being part of an older generation of learners not as readily exposed to the equipment found in the
activity. Therefore, the language and vocabulary used in the written instructions should provide a sense of clarity
and simplicity to avoid confusion and frustration for the user. As the groups rotated, they were video and audio
recorded at stations one and three.

Role of the Instructor

For this specific activity within the course, the instructor was careful to take participant experiences and
observed typical experiences of many teachers into consideration. For example, it was important to present
equipment that is most readily available and/or most commonly found within school districts. The purpose here was
to provide participants with a realistic perspective of what to expect in their future classrooms and provide practice
with equipment they were most likely to encounter. At the beginning of the activity, the instructor introduced the
equipment and explained the activity to the participants. Through this explanation, the participants were prompted to
consider what they may already know about technology and more familiar equipment. An example provided was the
consideration of setting up a television and a VCD/DVD player. In this description, the instructor explained the
importance of taking into consideration factors such as signal direction, types of connectors (shape/size), and overall
function of the equipment (i.e. what is the ultimate goal and what will happen if you successful).

Once participants were actively engaged in the learning activity, rotation through the stations, the instructor
served to facilitate group interactions. By freely rotating through stations, it was important to pay close attention to
group conversations and monitor their actions and progress. If groups showed signs of struggle, the instructor would
intervene and provide prompts to assist the groups to continue moving forward. Some of these questions included:

What is problem you are having? What doesn’t appear to be working correctly?

When you look at the labels on the equipment, are your “In” and “Out” connections correct?
Are you sure all the equipment is getting power?

If everything is connected correctly, what else could possibly be wrong?

These questions, and others, often prompted the participants to reconsider their connections, check their
power connections, turn on all the equipment, etc. (see Figure 2 and Figure 3).

"Well, it's plugged n and it says it's not plugged in,

S

Figure 2 and Figure 3: Participants questioning their connections among equipment

This typically led the groups into additional discussion eventually resulting in successful completion of the task.
Participants were eventually able to question themselves in a similar manner as they progressed through each
station, resulting in less reliance on the instructor and more reliance on other group members.

Toward the end of the course, participants were given individual audio recorders to respond to a set of
prompts regarding attitudes and reactions toward technology integration. The purpose was to capture possible
changes in attitudes and reactions to things they had seen within their field placement classrooms and how that
connected to prior experiences and what they had experienced throughout the technology methods course. A
grounded analysis (Erlandson, Harris, Skipper, & Allen, 1993) was conducted by constantly comparing
observations, audio recordings, and class deliverables. As a result, three prominent themes emerged as it became
evident that a majority, if not all, participants voiced similar ideas and perceptions.
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Data Analysis

A pattern-matching logic (Yin, 2003), where empirically based patterns from the descriptive case are
compared with predicted ones from theoretical propositions, was used to analyze data. Initially, theoretical
propositions were derived from mental model and self-efficacy theories. If empirical and predicted patterns
coincide, opportunity exists to strengthen the internal validity of interpretations. The particular type of pattern-
matching used proposed rival explanations (Yin, 1994, p. 108). The important characteristic here is that each
explanation involves a pattern of independent variables that is mutually exclusive with the other two. Finally, there
was also room for simpler patterns to be revealed by the case. The goal, in the end, is to determine the best ways of
contrasting differences and to develop theoretically significant explanations for different outcomes (Yin, 1994, p.
110).

Results

Evidence exists to demonstrate not only growth regarding levels of confidence but also a deeper
understanding of and appreciation for the educational possibilities of technology. Participants responded to open-
ended questions regarding positive changes in attitudes, what they had discovered, and what they needed to become
more confident. Most apparent were statements about realizing new possibilities, understanding how important it is
to just use the equipment, and coming to realize what was needed in the future to enhance what was learned (see
Table 2 for a summary of these findings). These results are interesting in light of previous work that identifies these
concerns as prominent among first-year inservice teachers (Strudler, McKinney, Jones, & Quinn, 1999).

Increase in Attitudes and Level of Comfort

As participant change in confidence and self-efficacy was the primary motivation behind the design of
instruction for this course, we carefully analyzed audio and video recordings for statements of perceived
improvement or lack thereof. Five participants made it clear that they began the course with a high level of
confidence in using technology for their teaching and were therefore unable to identify a major change. The
remaining nine participants, however, were able to comfortably identify and admit that attitudes and level of comfort
had increased as a result of instruction. Marcus, a traditional undergraduate, was particularly excited about
describing what he had learned through his verbal response as follows:

...these things [technology] were brought in; I had never used them myself actually, as far as hooking them
up, and not had much use with them at all with display. I really got the feeling that — okay — I can look at
these things. I can hook them up. And, you know, if it’s not meant to go together, it’s not going to go
together so I’m not going to break anything.

Katherine, a traditional undergraduate, noted excitement about the major change in her comfort level. She
stated that in order to learn and become more comfortable, instructional activities need to “involve using something
you’ve never used — just give opportunities to explore....” Jamie, another female, undergraduate student who had
shown major improvement in her levels of confidence, responded: “My comfort level towards using technology has
definitely increased...we’ve done a lot of activities where we put together the technology and practiced using it.”
She further discussed the importance of having the opportunity to practice with technology, increasing confidence
and desire to use technology in lesson plans. Christine, a traditional, undergraduate student, articulates her
realization of the effects on her self-efficacy through written reflection as follows:

After taking this Technology course I feel much more competent in the field of technology. Before taking
this class, I thought knowing how to use Word and PowerPoint and being able to hook up equipment was
all I needed to know. This class has shown me many different aspects of technology I never knew existed,
which I can use in my classroom. I feel like I know a lot more about how to navigate different programs
and even different computers. I now have many more resources to use to help bring technology into my
classroom and feel comfortable using them. I no longer feel I am going to break the equipment. I know I
can play around with equipment or programs until I figures out what I am attempting to do. Before, I never
would have considered working with some of the technology we learned about in class. Now, I can't wait to
add it to my classroom (as cited in Combs & Evans, 2007, p. 2523).
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"Ahh!! Alnght, now how did we do that?"

Figure 4: Participants completing the task, questioning their procedures
Importance of Technology Within Teaching

While activities for the course were designed to increase levels of self-efficacy, video and audio evidence
showed effect on participant perceptions on realizing how limitless their teaching possibilities were with using
technology for their lessons and how important it is to their teaching. Jayna, a traditional undergraduate, stated in her
verbal reflection:

My level of comfort toward incorporating technology in the lessons has changed a little bit, not a whole lot
because I feel like I was pretty comfortable coming in, with some technology like Power Point, Microsoft
Word, things like that. But I believe that if I want to be a good teacher, I think that I need to incorporate
more technology into my lessons so that I can be up to date so that the children can see that there is more
than just the standard - what their parents learned by is not always the best, so we shouldn't try to limit our
teaching by doing what was always done.

Theresa noticed: “...the practice throughout the entire semester has helped me really understand there’s a
lot more out there that I didn’t know about...”, but also pointed out, "...there's a challenge to make it
meaningful...the students need to be taught how they can make it meaningful for themselves..." Kelly, a traditional
undergraduate, recognized that the class was a safe environment in which to “explore things that I may not have
seen elsewhere...the more I know, the better I feel.” In reviewing participant responses, a majority responded with
similar comments and clearly recognized the educational potential of the technology available in field placement
schools and schools in which they plan to teach.

Reaching Their Full Potential

Even with careful planning and execution of lesson plans, participants were still able to identify they had
not reached their full potential and their confidence levels could still improve. Many responses included a discussion
of what students felt they needed in future lessons, courses or professional development activities. It was clear they
had moved from thinking currently, regarding just what was necessary to get through the course, to thinking about
their futures as educators. The main response from participants was that they felt more practice and opportunities
were necessary to continue learning about technology integration. Jayna, a non-traditional graduate, summed up her
reactions with the statement, “Practice makes perfect — just getting in there and doing what I can with technology
will help to increase my confidence.” She realized that her learning must go beyond the doors of the classroom and
to maintain what she already learned, she will need more practice. Marcus also mentioned the need for practice. He
stated, ““...it’s just a matter of doing it and practicing.” It’s obvious, from observation and listening to her responses
that Becky, a traditional undergraduate, still feels nervous. However, she is confident in stating, “I’m still a little bit
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nervous...you never know if it [technology] will work or not...the more you use it, the more comfortable you’ll be
with it and can create your own ideas when you are comfortable.” She also noted an increase in confidence and
understanding of the need for teachers to be more educated. To illustrate, she wrote the following in her final
reflection:

After this course I do feel more competent with technology. I have learned a great deal not only with using
technology, but along with numerous resources. I do feel more comfortable as well. I feel I can try to use
equipment and see how it works. I also know I could try and look it up on the Internet and could find
something about it one there. I think teachers need to be more educated on the options with technology.
Technology is growing and students love to use the web. They seem to want to learn more when a
computer is involved. I think teachers are hesitant with using technology in the classroom because they are
unsure of how to use it themselves. (as cited in Combs & Evans, 2007, p. 2524)

A summarizing comment from another student helps illustrate the overall impact of instructional strategies
designed to encourage students in their practice and application along with supporting them in their personal
attempts at learning and becoming more confident. Marcus, as highlighted earlier in the text, shares his personal
insights regarding changes throughout the course and how the training he has received has affected his overall
performance and attitudes. He states:

I can tell you that honestly, I have always been uncomfortable with using technology in the classroom. It
seems that while [ am trying to teach a lesson it's hard for me to keep up with all of the gadgets or pushing
buttons a lot...many times if I'm using a PowerPoint it's hard for me to stay on task with the PowerPoint to
what part of the lesson I’m teaching. So this is something that, in going into the course of technology, that I
was really hoping to benefit and improve on.

I've gotten a lot better with keeping up with the slides and where I need to be, multitasking while using
technology, keeping an eye on students, this is really actually kind of becoming a strength to me when it
used to be something that was just weighing me down. So, yes, I feel much better about using technology
in my lessons due to the chances that I’ve had to use it in classes and in teaching.

The activities I feel were covered pretty well in my technology class because I’ve started using things and,
to me, at this point, it's just a matter of doing it and practicing. The more I do it, the more comfortable I get
and even my cooperating teacher has brought to my attention that he sees that I’m getting better with
directing the class through the use of technology and — through direct use — me directing myself, I guess.
And, it's just a matter of practice for me and I’m getting a lot more comfortable with it and I’ve created
lesson plans and I feel like I’m very creative because I’ve gotten used to using technology a little more and
I hope to get better at it the more time goes on and I feel that I will, and I feel that I am. (as cited in Combs
& Evans, 2007, p. 2524)

As is evidenced through the reflections above, these students were affected in several different ways in
regards to their views on technology use in the classroom and their perceived personal self-efficacy (see Table 2 for
a summary). While some addressed technology as a whole, both through and outside of course activities, several
addressed specific topics within the course as being an immediate factor in changes to both their confidence and
competence. The themes noted throughout provide evidence that as self-efficacy increases, learners begin to assign a
higher value to what they are learning and realize the impact and effectiveness of not only using technology in their
classrooms, but also what it would mean to continue to learn and improve on their skills and knowledge.

Table 2: Instructional strategies and their influence on self-efficacy

Instructional Strategy Influence on Perceived Self-Efficacy

Helped participants realize their potential for current instructional

Just-in-time trainin, . . o . L .
ustn- nmng planning and increased motivation for immediate integration and transfer

68



Providing a realistic perspective; Gave participants chances to explore familiar equipment with
using simpler technologies most opportunities to practice in a safe environment; slight mastery provided
readily available motivation for transfer and integration

Allowed participants to place themselves in a familiar perspective and use
what they already know; personal comparison introduced a perspective
above the novice level providing an additional level of motivation and
confidence

Activate mental model

Helped participants activate existing mental models and reevaluate their
Prompts/questions from instructor position within the activity; prompted discussion and further questioning
beyond scope of the activity which they answered confidently

Participants were led to not only verbalize their understanding but
compose their position in written form, allowing an extra level of
processing and understanding; instructions can be used to provide self-
assurance in future attempts and revised as experience increases

Assignment: writing instructions

Discussion

This paper presents evidence to support a focus on the positive influences on self-efficacy through the
design of sound instructional strategies. Pre-service teachers who participated in the research study provided verbal
and visual evidence of potential as teachers when using technology for classroom instruction. Many participants
concluded that without a course designed to demonstrate new techniques, given hands-on experiences, and increased
self-efficacy, they would not have felt comfortable using technology in the classroom. The course and activities
throughout allowed students to practice skills and find new ways to use common technologies. A majority of
participants were confident in their reactions to sharing what they had learned about technology, its role in the
classroom and how their attitudes had changed. In addition, students were much more able to verbalize their need
for future training, the importance of practice and what they understand will need to happen for confidence to
increase. These changes in attitude bode well for the formation of “collaborative, subject specific technology inquiry
groups” that Hughes (2005, p.277) proposes for future teacher professional development.

Admittedly, limitations of the current study exist. The reporting of perceptions cannot guarantee
implementation in the classroom. Consequently, our plan is to follow-up with additional research participants and
monitor them throughout their field placements to identify additional themes and help determine the actual degree of
action on words. Pope, Hare, and Howard (2005) have noted the positive effects appropriate modeling has on pre-
service self-efficacy toward technology integration. Finally, we recognize that data collection in the field is fraught
with unexpected outcomes — one of them being that participants may become frustrated or misunderstand the
purpose of research; an obligation as qualitative researchers is to ensure that participants are treated ethically and
with due respect. We recognize this issue and explain how we dealt with it in separate work (Evans & Combs,
2007).

Conclusion

In summary, instructional designers and technologists are at the forefront of promoting a culture of ubiquity
when it comes to technological resources in the classroom (cf. Evans & Powell, 2007). Consequently, we have an
inescapable duty to ensure that pre-service teachers are prepared in knowledge, skills, and affect to effectively and
creatively adopt and use these technologies — be they computers, projectors, digital video recorders or the like. The
question is this: “What instructional strategies are most effective to promote technology integration in the middle
school classrooms of tomorrow?” Researchers will continue to propose similar questions and conduct additional
research to help answer this question. At this point, the continuation of research can only encourage those in practice
to continue or discontinue their current approaches to preparing teachers to integrate and teach with technology.
With this research we call for theory- and evidence-based decisions to guide teacher preparation.
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Abstract

This study examined how instructional design (ID) experts used their prior knowledge and previous experiences to
solve an ill-structured instructional design problem. Seven experienced designers used a think-aloud procedure to
articulate their problem-solving processes while reading a case narrative. Results, presented in the form of four
assertions, showed that experts 1) narrowed the problem space by identifying key design challenges, 2) used an
amalgamation of knowledge and experience to interpret the problem situation, 3) incorporated a mental model of the
ID process in their problem analyses, and 4) came to similar conclusions about how to respond to the situation,
despite differences in their initial conceptualizations. Implications for the education of novice instructional designers
are discussed.

Experts in any field tend to be better problem solvers than novices. Faced with a problem situation, experts
quickly form solutions that are more likely to be effective than solutions formed by novices. This characteristic of
expertise has been documented in diverse domains: playing bridge (Charness, 1979), solving physics problems (Chi,
Feltovich, & Glaser, 1981), repairing electrical generators (Jacobson, 1988), driving a taxi (Chase, 1983), and
revising instructional text (LeMaistre, 1998). Experts are able to achieve this superior problem-solving performance,
in large part, because they have at their disposals vast, well-organized stores of domain-specific knowledge, gained
through extensive experience (Bruer, 1993; Glaser & Chi, 1988). Expertise is comprised of two major components:
abstract knowledge and practical experiences (Bonner, 2007; Laurillard, 2002). While expert knowledge may arise
from only one of these sources, both may be necessary to develop the kind of “fluid expertise” (Bereiter &
Scardamalia, 1993) that allows individuals to adapt and apply their knowledge to novel situations. According to
Bereiter and Scardamalia, practical experience by itself may lead to a kind of “crystallized expertise” that results in
individuals who may not be particularly good problem solvers because they simply implement well-practiced
procedures. In contrast, individuals with fluid expertise use both abstract knowledge and practical experience to
think through a problem in a more dynamic and constructive way. While crystallized expertise would include the
acquisition of automaticity after extensive practice in a relatively stable and constant system, fluid expertise would
be characterized by flexibility that is responsive to changes in a dynamic world (Feltovich, Spiro, & Coulson, 1997).

Drawing on the expert-novice literature, Ertmer and Stepich (2005) outlined six dimensions that
characterize the problem solving processes of expert instructional designers. Central among these dimensions is the
expert’s ability to “synthesize” a particular problem situation; that is, to formulate a clear, coherent representation in
terms of one or two central issues. This kind of synthesizing has been a recognized aspect of expert practice for a
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long time. For example, Larkin, McDermott, Simon, and Simon (1980) found that physics experts routinely
generated a physical representation of the problem situation before attempting a computational solution. More
specifically, when experts were given complex problems to solve, they frequently began by drawing a sketch of the
central elements of the problem. This physical representation reduced the problem space, allowing the experts to
identify relevant variables and test relevant qualitative hypotheses. Once these hypotheses were checked, the experts
would fill in the details and solve the problem quantitatively. In the nursing field, Benner (1984) used the term
“recognitional ability” to describe the ability of expert nurses to discriminate relevant from irrelevant information
and to develop a context-dependent, holistic perceptual understanding of the patient situation. According to Benner,
this ability is based on collected practical experiences that expert nurses use to continually refine their abstract
knowledge. In both cases, the authors suggested that experts begin the problem solving process by developing a “big
picture” understanding of the problem situation.

Similar results have been shown within the field of instructional design. For example, Perez and Emery
(1995) asked expert and novice instructional designers to design a computer simulation on diesel engine mechanics.
They found that experts were more likely to identify a central element of the problem (e.g., the characteristics of the
target audience) and to return to this element as they began to work out the design details. Perez and Emery referred
to this approach as a “breadth-first, top-down, progressive” design strategy. In another study involving the revision
of instructional text (LeMaistre, 1998), the expert instructional designer initially identified the lack of overall
structure of the text as the primary problem and continually referred to the importance of structure throughout the
revision process. LeMaistre noted that the expert was explicit in the creation of the problem space and employed
“strategies of constantly adjusting decisions and decomposing the problem into manageable parts” (p. 31) so that
related aspects of the problem could be addressed collectively rather than in an isolated fashion.

While it seems clear that experts engage in the kind of synthesizing described above, it is less clear how
this process is influenced by the experts’ vast stores of knowledge. Building on the idea that expert knowledge is
made up of abstract knowledge and practical experience, one view is that synthesizing is based, primarily, on the
recall of abstract knowledge. In this view, experts define a problem in terms of conceptual principles drawn from
their stores of domain knowledge (Ertmer & Stepich, 2005). For example, Chi et al. (1981) asked experts and
novices to outline solutions to physics problems. While novices typically defined the problem in terms of literal
objects and terminology used in the problem statement, experts were more likely to identify a “second order
feature,” referring to a feature that was not explicitly described in the problem statement, but that was derived from a
small piece of given information that activated a relevant schema in the experts’ existing knowledge. Glaser and Chi
(1988) noted that, with experience, experts encode not only the procedures for solving relevant problems but also the
conditions under which they are applied.

An alternative view is that synthesizing is based, primarily, on the recall of practical experiences. In this
view, experts define a problem in terms of a similar situation drawn from prior experiences (i.c., a case). For
example, Rowland (1992) found that instructional design experts typically associated a given situation with similar
problems they had previously encountered and used those prior experiences to develop an initial picture of the
current problem and how it might be solved. Similarly, Perez, Jacobson, and Emery (1995) observed that
instructional design experts often reflected on past design problems and solutions and compared them with the
problems at hand. Klein and Calderwood (1988) studied decision making among urban fire commanders, wild land
incident commanders, and tank platoon commanders and found that these individuals based their decision making
more on prior cases than abstract principles. This interpretation is supported further by research on case-based
reasoning (Kolodner, 1997), which posits that experts have amassed rich libraries of case experiences that they
apply, through a type of analogical reasoning, when solving new problems.

To elaborate, case-based reasoning is defined as “solving a new problem by remembering a previous
similar situation and by reusing information and knowledge of that situation” (Aamodt & Plaza, 1996, p. 40).
Theorists claim that human reasoning is case-based; that is, we all have different experiences that are stored in our
memories and then reused when new problems trigger the recall of similar situations (Kolodner, 1993; Schank,
1999). Jonassen and Hernandez-Serrano (2002), after reviewing studies in multiple contexts, proposed that “experts
relied more heavily on cases based on past experience than on abstract principles when making decisions with a high
degree of uncertainty” (p. 68). They argued that cases and stories work more effectively than abstract rules or
principles in knowledge construction because they “require less cognitive effort than exposition” (p. 66). Moreover,
stories or cases facilitate vicarious learning by providing a substitute for first-hand experience (Jonassen, 1999).

Although these two explanations of synthesizing appear conflicting, they may not be mutually exclusive.
For example, Genberg (1992) suggested that expertise might be viewed from two different lenses: 1) an information-
processing lens and 2) an intuitive lens. While the former emphasizes the organization of knowledge and the
progression of skill acquisition, the latter focuses on the relevance of past experiences in a particular context.
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Kolodner and Guzdial (1999), while strong advocates of reasoning from cases, stressed that abstraction is necessary
for organizing, or indexing, cases within one’s library, as well as for efficient retrieval. In other words, experts seem
to extract guidelines and principles from concrete experiences that they then apply to new problem solving
situations. This idea is supported further by research by Didierjean and Cauzinille-Marmeche (1998) who
demonstrated that individuals can develop, and even use simultaneously, these two types of reasoning processes.

Purpose

The purpose of this study was to determine if instructional design (ID) experts synthesized the issues
presented in an ill-structured problem scenario (as described in the literature), and if so, sow abstract knowledge and
practical experience were used during the synthesizing process. Based on the six dimensions of expert thinking
described by Ertmer and Stepich (2005), we selected synthesizing, a critical characteristic that distinguishes experts
from novices, to further our understanding of how experts use their prior knowledge of rules and principles, and/or
draw upon their previous experiences.

Method
Overview

This study was designed to examine the processes that experienced instructional designers use when
solving ill-defined instructional design problems. Data consisted of a demographic survey, think-aloud protocols,
and interviews with seven participants. The think-aloud protocols captured experts’ verbalizations during the
problem-solving process and the interviews gathered additional data about how experience and knowledge were
used during the process.

Theoretical Framework

We used grounded theory, a method of qualitative inquiry designed to generate an explanatory theory of a
specific process or phenomenon (Glaser & Strauss, 1967; Strauss & Corbin, 1997). Grounded theory is an inductive
approach in which theory is derived from the data through a process of asking questions and making comparisons.
The primary objective is to expand upon an explanation of a phenomenon by identifying the key elements and the
relationships among them within the specific context of the research study (Davidson, 2002). Thus, in this study, a
grounded theory approach enabled us to develop a theoretical account of the characteristics of expert problem
solving while simultaneously grounding the account in empirical data (Strauss & Corbin, 1997).

Role of Researchers

This study was designed and implemented by a research team consisting of six doctoral students and one
faculty member at a large mid-western university. A second faculty member, located at a large western university,
acted as a consultant to the team during the design and implementation of the study. All but one student had
previously completed an advanced instructional design course, which utilized ill-defined case problems. Students
had a range of previous ID experiences in both educational and business contexts.

Prior to the start of the study, a pilot was conducted with one participant, during which the entire research
team observed and/or participated in implementing the data collection procedures. Subsequently, the research team
divided into two subgroups with each group taking primary responsibility for conducting the research with three of
the six remaining participants. As a team, students worked to define the research protocol, to modify specific data
collection procedures that were either problematic or unclear during the pilot, and to clarify each person’s role in the
subgroups. The researchers carefully checked and monitored each other during the entire research process,
reviewing transcriptions for accuracy and requiring clear evidence of initial interpretations. For example, specific
claims were linked to supporting data (using a line-numbering system for each transcription), thus enabling team
members to challenge or support initial interpretations and to provide either additional or counter evidence.

Participants

Seven expert instructional designers (four women and three men) were purposefully selected. Each
participant had eight or more years of instructional design experience, in a variety of settings. Demographic data
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(e.g., years and types of experience; current positions and responsibilities) were collected via a short online survey.
On average, participants had 20.5 years of instructional design experience, ranging from 8 to 32 years. Four
participants were currently working in higher education (with two of these holding a Ph. D. degree), while three
were employed in the business sector. All seven designers indicated that they regularly participated in all aspects of
the instructional design process (analysis, design, development, implementation, evaluation). In addition, six of the
seven participants indicated that they had previous experience with face-to-face, computer-based, online, self-
instructional, and hybrid instructional delivery formats.

Data Collection

Following the completion of the demographic survey, participants met individually with one of the two
research subgroups to participate in a think-aloud process in which they read and reflected on an ill-defined
instructional design problem. The problem (Hooper & Doering, 2007) was presented via a 12 page, double-spaced,
typed narrative and dealt with the topic of converting a face-to-face HIV/AIDS workshop to an online format — a
topic for which none of the participants had previously developed instruction. Each data collection session lasted
about two hours and included a warm-up exercise, the think-aloud procedure, and a retrospective interview. The
warm-up exercise included a small problem that the participants used to practice the think-aloud approach (e.g.,
identify the number of windows in your house). Retrospective interviewing (Ericsson & Simon, 1980) occurred
immediately after the think aloud as a way to help participants reflect on, and verbalize, their thought processes
during the think aloud, drawing from both long- and short-term memory (e.g., Describe the method you used to
determine the number of windows in your house.). In addition, interviews included questions to clarify comments
participants made during the process and to explicate how knowledge and experiences were used. The interviews
included questions such as, “What was the first thing you thought about as you read the case?” “What made you
think of that?” or “Where did you learn that?”” All sessions were videotaped and transcribed.

Data Analysis

Transcriptions were examined using a constant comparison method, with specific attention given to
participants’ references to prior knowledge and experiences. Initially, each researcher conducted an analysis of a
single transcription, looking for evidence that related to our two research questions, but without establishing
preconceived ideas about what might be discovered. This resulted in a set of tentative profiles that captured each
participant’s response to the case situation. Following this, two researchers applied a modified open-coding process
using an electronic copy of each transcription, inserting comments and highlighting quotes that seemed particularly
relevant to our questions. However, rather than create a set of categories and subcategories as is typical in open
coding (Creswell, 2003), we created a set of themes that reflected each participant’s responses. Themes for each
participant were shared and discussed between the two researchers as they were developed. During these
conversations, no attempts were made to come to consensus, but merely to note the similarities among the themes
and to seek clarification and additional evidence if the interpretations were unique or unusual.

After creating themes for each participant, the researchers then looked for similarities across participants as
the first step in creating a set of assertions that could be applied to the majority, if not all, of our participants. If the
themes were not evident among at least four participants, they were not used in the final set of assertions. Finally,
after the assertions were developed, they were presented to the rest of the research team (with evidence) for
additional comment and final team verification. The team then worked together to find relevant supporting or
contradictory evidence from the literature.

Validity/Reliability

Lincoln and Guba (1985) recommended that qualitative results be evaluated using the standard of
“trustworthiness,” as established by credibility and confirmability. In this study, credibility was gained though
triangulation of multiple data sources including a demographic survey, think-aloud protocol, and retrospective
interview. The use of multiple researchers led to confirmability of the data. Throughout the study, weekly meetings
of the researchers helped to ensure understanding of our research questions, consistency of data collection, and
interpretations of data. Data analysis involved both individual and collaborative efforts in order to develop and
verify the emergent themes and overall assertions. A line numbering system was used to identify specific data
supporting each finding, thus creating a traceable link between evidence and assertions. Finally, participants verified
our interpretations, immediately during the interviews, and later through their responses to specific email queries.
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Results and Discussion

In this study we asked questions about how experts used their knowledge and experience to solve ill-
structured problems presented via a case study narrative. We present our findings in the form of four assertions that
were developed through our analysis and interpretation of the data. Excerpts from the participants’ think-aloud and
interview protocols are integrated with interpretive commentary to support each assertion. Subsequently, we discuss
how each assertion is, or is not, supported by the literature.

Assertion 1. In identifying the key design challenges, experts narrowed the problem space. For some,
this seemed to occur either in place of, or prior to, making a synthesis statement. According to the literature, a major
task of the problem-solving process involves “being able to articulate a clear and concise representation of the
problem(s) in a particular situation” (Ertmer & Stepich, 2005, p. 39). Referring to this as the ability to “synthesize”
the issues in a problem situation, the authors noted that this is a key characteristic of expert instructional designers.

In this study, all seven participants articulated specific design challenges related to converting a highly
interactive face-to-face workshop to an online format. Specific aspects of the case situation were highlighted either
because they were seen as particularly central to the effectiveness of the workshop and/or particularly difficult to
translate to an online environment. For example, as Jacob read the sentence, “Experiences were extremely powerful”
he stopped and added “which is going to be wonderfully fun to try to do with the Internet.” Similarly, when Marlene
read the sentence, “The face-to-face ... workshop was presented to approximately 50-60 participants who traveled to
a single location and met for approximately 16 hours over a two-day period,” she noted, “That seems problematic to
me, for something that’s online.” Additional challenges highlighted by the participants included, among others: the
importance of interactions among the workshop participants, learning by doing, resolving access issues, facilitating
and maintaining behavior change advocated by the workshop leaders, and “smoothing out” interpersonal
relationships among the designers in the case (described in more detail in Assertion 4).

Among our seven participants, “highlighting” seemed to be more common than “synthesizing.” Despite the
fact that every participant articulated specific challenges related to converting the face-to-face workshop to an online
format, not every participant synthesized these challenges into a clear concise statement, as hypothesized earlier.
While Jacob, for example, stated the problem in a very straightforward manner (“I see the problem as determining
what are the essential characteristics to changing behavior?”), others simply pointed out a number of different
elements that would be difficult to transfer to the online environment without making a direct statement about how
these elements contributed to, or comprised, the core problem. For example, as Jill engaged in the think-aloud
process, she stopped periodically to comment on new challenges as they were introduced in the case narrative. These
challenges related to a wide variety of issues: putting an interactive workshop online, moderating discussions,
providing appropriate counseling services, securing online permissions, resolving access issues, and limiting the
amount of time required. Jill noted that she usually begins the design process by “looking for some sort of initial
analysis, starting with some kind of objectives” but because these were not immediately available, she described her
approach as just “kind of reacting to things as we went through.” This lack of a synthesis statement, then, may have
been due to a stylistic difference among participants or to a variation in the way the researchers asked the
participants to state the problem. Alternatively, it may suggest that synthesizing does not always result in a single
concise statement of the problem. Instead, as Gredler (2004) suggested, experts may identify key information within
a situation and use that information to create a mental map of the problem.

In almost all instances in which synthesizing occurred, it was preceded by highlighting. Most often, the
synthesis statement captured one or two key design challenges that the participants had highlighted during the think-
aloud process. For example, after highlighting a number of problem elements, Simone stated:

If that data is [sic] actually true and correct, I’d want to hone in on what elements of instruction itself—the

format, the instruction, the affective aspect of it, group interaction [all problem elements noted earlier]—all

of that and say, “What part of this made it the most successful?”” and “Can this be duplicated?”

As another example, after mentioning a number of potential problem elements, Thad synthesized the issues
with the following statement:

Soon you’re going to have some kind of table [in which] you compare what they’ve done in the past, and if

it worked then, are you going to be able to transfer that over into the online environment and help them to

solve some problems they are having in the transfer? That’s probably where they are having their most
difficulty in creating this thing, is that transfer of some of these things.

The literature suggests that experts tend to translate ill-defined or unfamiliar problems into well-defined or
more familiar problems as a way to narrow the problem space and search for a solution (Glaser & Chi, 1988;
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LeMaistre, 1998; Perez et al., 1995). According to Rowland (1992), expert designers approach new problem
situations using existing “frames of reference,” built from their previous knowledge and experiences. Frames of
reference, then, may be one way in which experts make this translation from an ill-defined problem to a more
defined one. Similar to what Rowland (1992) and Perez and Niederman (1992) found, each participant in this study
understood the case problem in terms of the personal experiences and perspectives s/he brought to the case as much
as by the information provided by the case narrative. For example, based on her 22 years of experience as a designer
in business and industry, Marlene brought a “training” frame of reference to the problem: “What is the problem?
Will training address it? Who are we dealing with?”” She elaborated on her specific perspective:

I look at it from a training perspective and then I add all of the human baggage that goes with it, or that is

going on there. I go to “what is the target audience” and get a clear definition of what that is. And then [I

get] a clear definition of what the training issues are by defining the objectives.

Sean, who had a background in counseling psychology used a “consulting” perspective: “The problem is
more about the interaction of the cultural differences between the organizations as much as it’s about a lack of
specificity of the goals.” As he explained further:

This is a very typical problem ... it’s a challenge for consultants who work with the military, for example.

And I was sort of using that as one of my frames of reference. I have experience in that. I do my research

with consultants as well and ... there is always tension between research design and product design.

In contrast, Sammie used her communication background to frame the problem in terms of the type of topic
that needed to be addressed and the kinds of conversations that needed to occur: “With such a ... touchy topic, 1
would want to have control in the room so if something happened I would be there to handle it. ... I have a
background in communications and all of my teaching is done in very small groups where I can watch the faces of
my students and especially their non-verbal behavior and make instant corrections in the instruction.”

As a final example, Jacob, who was in charge of instructional computing on a large university campus,
used an administrative perspective to consider whether the “real” problem could be addressed in an online
environment: “I pull from components of projects and they are kind of reorganized into other types of situations. I’'m
primarily an administrator, so my categories right now are: project timelines, budgets, legal, those types of things.”

In summary, participants in this study all identified multiple design challenges in the case scenario, with
these challenges later being combined, by five of the seven participants, into the articulation of a synthesis statement
during the interview process. As suggested by Schon (1983), the first step in the problem solving process is problem
finding or problem setting: “The designer must make sense of an uncertain situation that initially makes no sense”
(p- 74). As part of this process, expert designers identify the constraints, or problem elements, of the given situation.
Goel and Pirolli (1992) suggested that during this process, expert designers may explicitly try to change the problem
situation so it more closely matches their personal expertise and knowledge. Although we didn’t observe our
participants use their frames of reference to actually transform the case information, they were employed to filter
through the details, facilitating a focus on those case details that were judged most critical.

Assertion 2. When analyzing ill-structured problems presented via a case narrative, instructional design
experts used an amalgamation of knowledge and experience. While all of our participants referred to specific prior
experiences and six of seven referred to some specific piece of abstract, academic knowledge (e.g., ADDIE model,
Gagne’s types of learning, message design), their interpretations of the case details relied primarily on an
amalgamation, or blend, of knowledge and experience. When asked, specifically, how they knew to use a particular
strategy or to consider particular issues, our participants typically referred to previous experiences. For example,
Marlene responded, ““How do I know that? I know that just from my experiences working in this company,” while
Simone reflected, “I’m thinking of my own experiences with taking online courses.” Sean captured the general
feeling of all of our participants when he stated, “I have been in that situation many times.”

In general, the recollection of specific ID experiences or specific ID principles was rare. Furthermore, if
participants recalled specific experiences, they didn’t really use the information from that experience to narrow the
problem space or solve the problem (at least not in any obvious way). If they recalled specific book knowledge, it
was usually embedded within their recall of experiences. More typically, the participants recalled a “mix” or “blend”
of experiences that were relevant to the current problem. Consider the following quotes from three participants:

e “Ican’t say, oh this really reminds me of this, but there is ... all the little pieces remind me of

something.” (Jill)

¢ “I’m thinking it was background experiences but there isn’t one specific one.” (Thad)

e “Ihave a blend in my head that is from many different experiences ... in my mind, it just all blends

together ... I pull from components of projects, and they are kind of re-categorized into other types of
situations.” (Jacob)
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Rather than accessing a single specific prior experience (a case), participants extracted from their collected
experiences one or more relevant rules, which they applied to the current situation. These rules were not ones that
could be found in an ID textbook, but were much more idiosyncratic and were drawn from the unique collection of
previous experiences that each participant brought to the current situation (Klein & Calderwood, 1988; Kolodner &
Guzdial, 1999). According to Davenport and Prusak (2000), rules of thumb are “guides to action” that have
developed over time through extensive experience and observation (p. 10). Schank (cited in Davenport & Prusak)
referred to these internalized responses as “scripts,” which, like play scripts or computer programming codes, act as
efficient guides to complex situations, offering plausible routes through a maze of alternative solutions (p. 11).

As an example of how our participants applied rules of thumb during their analyses of the case narrative,
Thad suggested that before you can decide what to translate to an online environment you need to know exactly
what’s making the current materials effective. This rule is captured in his comment: “You have to take it [the
workshop] apart and make sure that the type of thing isn’t going on where you think it is effective, but yet it really
wasn’t teaching what they needed.” As another example, Sammie used a set of rules to guide her decision-making
that related to her background in communication. These rules helped her decide how to handle sensitive topics in a
workshop environment: “If [the workshop involves] interaction and the subject is controversial, the delivery should
be face-to-face.” For Sammie, the decision to keep the workshop face-to-face appeared to be based on what she
viewed as a critical rule of thumb. Similarly, a related rule was captured when she stated, “If it’s a run-of-the-mill
topic, then it could be successfully converted to the Internet.”

In summary, experts in this study used an amalgamation of knowledge and experience to analyze the
problem situation presented in the case narrative. Similar to what Davenport and Prusak (2000) described as a “fluid
mix of framed experience” (p. 5), our participants appeared to access domain-specific knowledge, which was built of
experience. As noted by Kolodner (1988; 1997), expert problem solvers tend to access their case memories multiple
times during a problem-solving episode, thus allowing them to recall several cases (previous experiences), rather
than just one, to be used during the process. Results from this study support this contention.

Assertion 3. When recalling previous ID knowledge and experiences to solve an ill-structured problem, ID
experts accessed a mental model of the instructional design process to guide their thinking. According to the
literature, experts have a large store of organized domain-specific knowledge (Bransford, Brown, & Cocking, 2000;
Bruer, 1993; Glaser & Chi, 1988), organized as schemas or deep knowledge structures (Bedard & Chi, 1992;
Brophy, Hodge, & Bransford, 2004). Johnson (1988) suggested that expert knowledge is organized schematically as
a mental model of the relevant system. Experts use this mental model, then, to create a large-scale, qualitative
representation of the current problem (Larkin et. al., 1980) as a first step in solving the problem.

In this study, all seven of our participants made statements suggesting that they approached the case with
some kind of instructional design process model in mind. The models varied, but everyone had one. Two types of
models accounted for six of the seven experts in this study. For example, three of the participants used an “audience
first” model:

e “The first thing I like to do is write down what the target audience is.” (Marlene)

e “You need to know what the audience is and the more you know about the audience the better you can

design something.” (Sammie)

e “OK, so I'm honing in on the target audience because any time you design instruction you are
designing it for a particular audience and it is helpful to know who that audience is and as much
information as possible about that audience.” (Simone)

Three of the remaining four participants used an “outcomes first” model. This shows up, specifically, in

comments about what is missing in the case:

e “... alotof the objectives are not clear to me. So, I’d really want to nail it down first of all.” (Jill)

o  “What are the objectives here? ... These are goals, they’re not objectives — they’re way too broad.”
(Jacob)

e  “As adesigner, the challenge here is figuring out the complex combination of learning outcomes that
they are after ... thinking about a solution is way too far down the road because we don’t know what
the goal is.” (Sean)

Finally, one participant used a “domains of learning first” model. A critical step in Thad’s process was to
“classify the type of learning that is occurring.” In contrast to other experts, Thad did not refer to objectives or goals.
Instead, he referred to the type of learning, specifically questioning whether the focus of the workshop was on verbal
information or attitudes and noting that “we’ve got to go at it a little different” depending on the type of learning
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involved. This idea of domain-specific instructional strategies is a central principle in Gagne’s instructional design
model, which suggests that Thad’s mental model was based on Gagne’s theory.

In general, our participants used these mental models to guide their thinking about the case. Typically, they
did not follow their models on a 1 to 1 basis, like a recipe. Instead, they used their models in a broader, more
heuristic way. While the nature of the think-aloud task may have limited their uses of the model to the beginning
stages of the analysis task, our participants appeared to apply them in two explicit ways: 1) to structure their
searches for information, as illustrated by Marlene and Simone, respectively (“I needed to look for information to fit
into a model like the ADDIE model.” ... The ADDIE Model is just sort of a nice little acronym that reminds me
have you covered all of these bases. It may not be in that order necessarily in reality.”), and 2) to focus their
attention on initial information considered critical to the instructional design process. This isn’t necessarily the first
step in a particular textbook model, but rather the element of the ID process that the experts saw as particularly
critical at the start of the process. For example:

Sammie (“audience first”) focused first on the needs of the target audience.
Jacob (“objectives first”) distinguished between objectives and goals and wanted to know what the
objectives were. It’s worth noting that objectives are not the first consideration in the Dick and Carey
model (the textbook model that Jacob mentioned), which supports the idea that the mental models were
individual heuristics rather than textbook-based recipes.

e Thad (“domains of learning first”) based his thoughts about selecting the instructional media on the type
of learning involved.

The fact that our designers all accessed a mental model of the ID process is not surprising, as it is supported
by the literature. Recent research by Campbell, Schwier, and Kenny (2006) suggested that designers reference
conventional ID processes in their conversations about design, although their practice varies significantly according
to context. Perez and Neiderman (1992) also reported that the experts in their study used a design process that
reflected a systems approach, yet varied in how they implemented the process. The authors argued that these
differences were related to the frames of reference that the experts used when making their design decisions. Again,
this may explain why our participants used the models that they did: that is, an “audience first” model was more
compatible with a communications frame of reference, while an “outcomes first” model was more compatible with
an administrator’s frame of reference. After participating in a large number of relevant projects, the mental models
of the ID process enabled our experts to reason, not from textbook principles or models, but rather from “first
principles” (Merrill, 2002; Reigeluth, 1997; Winn, 1997). This is similar to what other researchers have described:
Experts tend to look past the surface details in a problem to focus on the underlying principles or “big ideas”
embedded in the situation (Bransford et al., 2000: Glaser & Chi, 1988; Larkin et al., 1980).

Mental models are one characteristic that have been used to distinguish between expert and novice
designers. In general, novice designers have access, primarily, to textbook models, which don’t necessarily apply to
novel problem situations (Atherton, 2002; Reimann & Schult, 1996). In contrast, based on their many years of
experience in a variety of contexts, experts are able to recognize patterns of practice and generate solutions based on
those that have worked in similar situations (Hardre, Ge, & Thomas, 2006; Kirschner, Sweller, & Clark, 2006).

Assertion 4. The experts came to the same, or a very similar, conclusion about how to respond to the
situation. Polya (cited in Wilson, 1997) stated that once we’ve figured out how to see a problem in a certain way, the
solution becomes obvious (p. 23). Given that the frames of reference used by our participants all incorporated some
variation of an ID process model, (Assertion 3) this may explain why (and how) the experts in our study all came to
see the design problem in a similar way. As captured by Assertion 1, all seven participants articulated explicit design
challenges related to converting the face-to-face workshop to an online format. Specifically, as illustrated by Table
1, the participants mainly focused on four related issues: the affective nature of the workshop, the use of diverse
instructional strategies, achieving the goal of behavior change, and the interactive nature of the workshop.

Table 1.

Design Challenges Identified by Participants

Identified design challenges Jacob Jill Marlene Sammie Simone Sean  Thad
The affective nature of the workshop (e.g., X X X X X X X
powerful experiences, intense engagement)

Converting the instructional strategies that X X X X X

were effective in the F2F workshop to an
online format
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Achieving, measuring, and maintaining X X X X X
behavior change

The interactive nature of the workshop X X X X

The length of the workshop X X X

The interactions between the designers X X X
involved

Ethical and legal issues X X

All seven designers highlighted the difficulty in recreating the affective nature of the workshop in an online
environment. For example, Simone commented, “There are some things that cannot be [translated online]. If it is
[just] information and that changes behavior, then yes, there are ways to get at that. But if it’s this closeness and a
support group ... if it’s some other element; there are some things that just cannot be duplicated online.” Similarly,
Jacob noted, “The empathy — yeah, that’s going to be a challenge ... Their options are going to be very limited.” In
fact, due to the affective nature of the topic and the methods used in the face-to-face environment (hot cognitions,
sexually explicit media, etc.), several designers expressed a healthy skepticism toward making this conversion.
Simone and Sammie, in particular, challenged the decision to translate the workshop. Simone said, “The first
question I would ask is: Does this really lend itself to e-learning? I am not sure. You know, you will have to
convince me. Why are they even doing this? What is the overriding advantage over what they’ve got, which is
already successful?” This led Simone to conclude “Maybe it shouldn’t be an online course at all.” Sammie echoed
Simone’s concerns and quickly came to the conclusion that this conversion should not be made: “If the previous
workshop has been successful, I would not go with the Internet ... it would open all sorts of cans of worms.” With
such a ... touchy topic, I would want to have control in the room ... I would stick with what’s been working.”

In addition to outlining the challenges of translating affective content and methods to an online
environment, five of the seven designers identified specific challenges related to implementing the diverse range of
strategies that had been effective in the face-to-face environment noting, “We’ll have to think about ways for doing
that” (Marlene). Simone commented specifically on the “learning by doing” approach favored in the face-to-face
workshop, stating, “As an educational approach this is great, but how you do that online ... that’s something to think
about.” Five designers also identified challenges related to the goal of the workshop, that is, to create a change in
behavior. For Jacob, particularly, this was the focal point of the case: “... [for] how long does that behavior change,
and for which people ... that’s what this group has to deal with.”

The identification of these key design challenges, then, shaped how our participants envisioned addressing
those challenges. Although participants conceptualized the design challenges in slightly different ways, initial
strategies for addressing the design issues were very similar. That is, six of the seven participants described the need
to determine the specific characteristics of the current workshop that were essential to success.