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This study sought to identify factors that optimize individual and collaborative
cognitive processing in complex learning environments. Across two laboratory sessions,
the effects of manipulating instructional sequence delivery (high cognitive load vs. low
cognitive load) of a simulation-based game and learning condition (individual vs.
collaborative) were examined on retention and transfer of instructional content. The
instruction was a set of tutorials for preparing novice students to use Aspire, a simulationbased game, developed by Cisco, that teaches entrepreneurial and computer networking
skills within the industry of information technology.
An instructional sequence by learning condition interaction was found on transfer,
but not retention, measures. For delayed transfer performance, individuals who received
high load instruction experienced cognitive overload that exceeded their cognitive
capacity. Collaborative students were able to collaborate with each other in a way that
reduced the high cognitive load imposed by the instructional sequence; thus, they were
able to process the instructional content across their collective working memory.
vi

Individual students were not able to reduce the cognitive load imposed by the
instructional sequence; thus, they had less working memory capacity for processing the
instructional content. Collaborative students who received the low load instruction also
demonstrated lower motivation than those who received high load instruction.
Taken together, these findings support the notions of individual and collective
working memory processing differences. This study holds implications for leveraging
technology to design learning environments that aid students in attaining collaborative
skills and knowledge needed for the 21st century.

vii

Table of Contents
List of Tables ......................................................................................................xi
List of Figures.................................................................................................. xiii
CHAPTER 1

INTRODUCTION .............................................................................1

Background .................................................................................................1
Two Areas Needing Empirical Evidence .....................................................5
Statement of Problem ..................................................................................7
Purpose of Study .........................................................................................8
Key Variables..............................................................................................9
Research Questions and Hypotheses............................................................9
CHAPTER 2

REVIEW OF LITERATURE .............................................................11

Social Constructivist Perspective of Learning.....................................................11
Collaborative Learning..............................................................................12
Collaborative Scaffolds: An Example. ..............................................14
Issues in Evaluating Collaboration....................................................15
Communication and Coordination.....................................................16
Situated Cognition.....................................................................................18
Simulation and Games...............................................................................20
Simulations.......................................................................................20
Games ..............................................................................................22
Simulations vs. Games......................................................................24
Aspire...............................................................................................25
Cognitive Load Theory..............................................................................25
Concepts of Cognitive Load Theory..................................................26
A Cognitive Load Perspective of Group-Level Cognitive Capacity...27
Cognitive Load Limitations ..............................................................28
The Cognitive-Affective Theory of Learning ....................................29
Summary...................................................................................................30
viii

CHAPTER 3

METHOD ......................................................................................32

Statement of Purpose.................................................................................32
Participants................................................................................................32
Experimental Conditions ...........................................................................33
Instructional sequence. .............................................................33
Learning condition. ..................................................................34
Experimental design..................................................................................35
Data Sources.....................................................................................37
Materials and Apparatus............................................................................43
Aspire instructional tutorials .............................................................43
Aspire quest contracts.......................................................................47
Apparatus .........................................................................................52
Procedure ..................................................................................................53
Pilot testing.......................................................................................53
Session One Procedure .....................................................................53
Session Two Procedure.....................................................................56
CHAPTER 4

RESULTS .....................................................................................58

Loss of Aspire Data...................................................................................58
Scoring......................................................................................................61
Quantitative Analyses................................................................................62
Overview..........................................................................................62
ANOVA Assumptions ......................................................................65
Retention Test...................................................................................68
Comprehension Test .........................................................................69
Delayed Transfer Test.......................................................................72
Comprehensive Test .........................................................................75
Qualitative Analyses..................................................................................76
Overview..........................................................................................76
Supplemental Self-report Measure Analyses .....................................79
Time-on-Task ..........................................................................79
ix

Perceptions of Collaboration ....................................................81
Perceived Cognitive Load ........................................................85
Perceived Affect ......................................................................90
CHAPTER 5

DISCUSSION ................................................................................93

Limitations .......................................................................................94
Summary of Findings........................................................................95
Supplemental Analyses......................................................................98
Discussion of Findings....................................................................100
Practical Implications .....................................................................105
Future Research ..............................................................................107
APPENDICES ....................................................................................................108
Appendix A. Approvded IRB ..................................................................108
Appendix B. Participant assignment letter ...............................................117
Appendix C – Pretest of computer networking knowledge.......................118
REFERENCES ...................................................................................................124
VITA...............................................................................................................131

x

List of Tables
Table 3.1 – Experiment Design: Learning Condition vs. Instructional Sequence37
Table 3.2 – Data Sources....................................................................................38
Table 3.3 – Aspire Proficiencies, Skills, and Knowledge....................................48
Table 3.4 – Data collection sessions, dates, and number of participants per session57
Table 4.1 – Bivariate Correlations Between General Prior Knowledge and the
Dependent Measures......................................................................63
Table 4.2 – Means and Standard Deviations of Proportion Correct Scores on
Dependent Measures......................................................................65
Table 4.3 – Results for Levene’s Test on Dependent Measures ..........................68
Table 4.4 – ANOVA Source Table: Comprehension Test...................................70
Table 4.5 – Means and Standard Deviations of Proportion Correct Scores on
Comprehension..............................................................................71
Table 4.6 – ANOVA Source Table: Delayed Transfer Test ................................73
Table 4.7 – Means and Standard Deviations of Proportion Correct Scores on Delayed
Transfer .........................................................................................74
Table 4.8 – Retention, Elaboration, and Metacognition Statement Count by
Collaborative Group ......................................................................78
Table 4.9 – Means and Standard Deviations of Time-on-Task for Contract 3 .....80
Table 4.10 – Descriptive Statistics for Collaborative Perceptions (pre)...............82
Table 4.11 – Means on Collaborative Post-Survey for the Individual Learning
Condition.......................................................................................84

xi

Table 4.12 – Means on Collaborative Post-Survey for the Collaborative Learning
Condition.......................................................................................84
Table 4.13 – Means on Non-significant Self-Report Items..................................90

xii

List of Figures
Figure 3.1 – Instructional sequence cognitive load .............................................34
Figure 3.2 – Collaborative learning condition by instructional sequence.............35
Figure 3.1 – Screenshot of Aspire Tutorial One..................................................45
Figure 3.2 – Screenshot of Contract Binder Tool................................................46
Figure 3.3 – Screenshot of Contract One Venue (Internet Café) .........................49
Figure 3.4 – Screenshot of Contract One Task List.............................................50
Figure 3.5 – Screenshot of Contract Two Venue (State Office Building) ............51
Figure 4.1 – Distribution of Computer Knowledge Scores..................................67
Figure 4.2 – Learning Condition by Instructional Sequence Interaction on
Comprehension..............................................................................72
Figure 4.3 – Learning Condition by Instructional Sequence Interaction on Delayed
Transfer .........................................................................................75
Figure 4.4 – Learning Condition by Instructional Sequence Interaction on Contract 3
......................................................................................................81
Figure 4.5 – Results for Perceived Difficulty for Contract 2 ...............................86
Figure 4.6 – Results for Perceived Mental Effort on Contract 2..........................87
Figure 4.7 – Results for Perceived Difficulty on Contract 3................................88
Figure 4.8 – Results for Perceived Difficulty Remembering Tutorial Content for
Contract 2 ......................................................................................89
Figure 4.9 – Results for Perceived Motivation to Learn Tutorial Content ...........91
Figure 4.10 – Results for Perceived Entertainment .............................................92

xiii

CHAPTER 1

INTRODUCTION

BACKGROUND
Historical precedent
During an interview titled Conversations with History, Lawrence Grossman
(2001) stated, “we are spending billions of dollars in hardware to connect schools to the
Internet…and the opportunity now is not just to present entertainment. You know, we
teach pilots to fly by simulations. And they don’t test them six months later, or three
months later, to see whether they remembered it all. They’re testing right there when
they’re doing the simulation and they find out whether they crashed or not.” Grossman is
former president of PBS and pioneer in using technology to provide information access
within the public arena. In 2000, Grossman was asked by the Carnegie Corporation to
formulate recommendations on public access to information technology for education.
Market research had shown 94% of public schools to have Internet access and the ratio of
students to computers to be 3.8 to 1 (MDR, 2002). Thus, the issue seemed not to be
access. The issue was pedagogically fitting the technology into classrooms.
During the 2001 interview, Grossman foresaw a gap between the innovative ways
that technology is leveraged for entertainment and for learning. The challenge, he
cautioned, is not in developing the technology itself, but in how to capitalize on
innovation and transform pedagogy, and how we do that today. Three years later, Jim
Gee echoed this when he discussed cognitive science principles for learning: “you will
find those principles embedded deeply in good videogames, but you will not find them
1

deeply embedded in a lot of elementary schools and high schools. Not in colleges, either”
(Foreman, Gee, Herz, Hinrichs, Prensky, & Sawyer, 2004). Instead schools are still
structured on 20th century assumptions for educational attainment of skills needed for
work and society, and these shortcomings have real-world consequences. Changes in the
economical context in which today’s students will function as adults have increased the
value of perennial capabilities (i.e., collaborative or communication skills) as well as
required novel capabilities altogether (i.e., information filtering or transmedia navigating;
Binkley, Erstad, Herman, Raizen, Ripley, & Rumble, 2010; Dede, 2010; Levy &
Murnane, 2004).
Classroom climate
Pursuits in providing hardware and broadband connections in schools have
continued making the technology readily available, but still less effort has been put
towards the conditions necessary to leverage it. The 2010 National Educational
Technology Plan (NETP) discusses an absence of educator recommendations for
innovative practice (U.S. Department of Education, 2010). For example, a survey of over
90,000 K-12 educators found that most are at a loss for how to integrate educational
technology into their classrooms. Many of our educators, as a result, lack the level of
technology fluency that is embedded in the daily lives of professionals in other sectors.
The underlying assumption here is that technology can improve education. Yet, there is
little reason to believe that technology combined with good intentions will be sufficient
to make the kinds of changes that need to happen. Schooling is grounded in the notion of
transfer; however, the idea that classroom activities may serve students beyond classroom
2

performance is not being realized through use of technology. The challenge today, a
decade after Grossman’s interview, is still is in how technology-based learning tools
should be used to leverage transfer of learning.
When effectively implemented within classrooms and curriculum, technology can
free learning from maintaining the empty vessel model (from texts or educators to
students) and enable a more engaging fusion of learning about, learning to do, and
learning to be (Bransford, 2003; Gardner, Csikszentmihalyi, & Damon, 2002). When
used ineffectively, however, technology may have no effect or may actually decrease
learning (Fletcher & Tobias, 2006; Hart & Batiste, 1992). Further, because learning
outcomes with tools such as digital simulations and games tend to focus more on skill
development and less on content areas, it is often unclear what content knowledge is
being learned (Foster & Mishra, 2009; Squire, 2003). Pedagogical approaches are usually
contingent on context variables such as the learner, content, and assessment. In contrast
to traditional materials, there is little discussion of the pedagogy of educational
technology. What we do know is there is great potential to support the types of situated,
experimental, and social experiences that can help students develop sophisticated
cognitive, affective, and psychosocial skills necessary for the 21st century.
21st century education should prepare students for a world in which expert
thinking and complex communications are core capabilities. The current shift in valued
skills results from an economy transformed into one that is globalized and characterized
by decentralized decision-making, widely shared information, and project teams (Binkley
et al., 2010). Progress is increasingly contingent on teams that, opposed to individuals,
3

often collaborate, and communicate through digital technologies. A key criticism of
education today is that students are unable to demonstrate these skills in real-world
contexts (Scardamalia, Bransford, Kozma, & Quellmalz, 2010). Technology-enhanced
learning environments increasingly address this challenge especially within domains
where skills training is difficult or impractical (e.g., critical thinking, media literacy;
Gibson, Aldrich, Prensky, 2007).
Simulation-based games
Digital games have been described as “the most engaging intellectual [activity]
that we have invented” (Foreman et al., 2004). They can provide new opportunities to
engage learners actively with authentic experiences. When merged with simulations to
visually represent complex systems, games provide powerful, situated experiences (Linn,
Davis, & Bell, 2004).
For example, in 2002, America’s Army became the first 3D role-playing game
that developed Army-related values to educate the general public as well as to increase
recruiting. In 2003, the National Defense Advanced Research Projects Agency (DARPA)
began using a simulation-based gaming system to develop team-level defense tactics for
situations when convoy units are ambushed, such as natural disaster relief and search and
rescue skills (Chatham, 2007). With similar goals for enhancing cognitive skills, the
Cisco Networking Academy developed a simulation-based game to train students for
careers in information technology (IT). Cisco’s Aspire develops and assesses
entrepreneurial and decision-making skills within the IT industry.

4

21st Century Challenges
Educational institutions face numerous challenges in 21st century skill
development, specifically collaboration or teamwork, and in leveraging technology to aid
students in attaining 21st century skills and knowledge. First, although collaboration is
widespread within educational contexts, individual-level performance often fails to
reflect learning gains (Johnson & Johnson, 1999) suggesting a mismatch between group
activities and the quality of learning outcomes for the individual learner. Assuming the
potential learning outcomes that result from collaboration, there may be several factors to
consider before using it in the classroom. Second, little is known in regards to computermediated face-to-face learning. Given increased technology-enhanced learning
environments, are there specific factors that facilitate the effectiveness of collaboration
with a digital game?

TWO AREAS NEEDING EMPIRICAL EVIDENCE
This study examined two distinct areas of research to determine when
collaborative learning and individual learning are most appropriate as a function of the
type of activity to be completed. The aim of the study was to expand our general
understanding of how learners allocate their cognitive resources in different instructional
conditions.
Individual Learning versus Collaborative Learning
First, collaborative learning models are based on the premise that active
knowledge construction is best achieved through shared social interactions in comparison
5

with traditional approaches in which learning takes place as an individual activity
(Murphy & Alexander, 2005). However, existing applications that seemingly demonstrate
positive effects (i.e., higher-order skills) implement “extra” steps to constrain students’
discourse (Dillenbourg, 2002). Such approaches do not address under which conditions
collaboration is most effective in learning environments. Given recent research,
collaboration may not be effective if a mismatch exists between group-level learning and
the cognitive resources required from each group member during that time (Nihalani,
Mayrath, & Robinson, 2010; Moreno, 2009). It may be the case that the instruction is
more appropriately designed for the individual learner rather than groups. How can such
a mismatch be avoided?
Cognitive load theory was developed to explain how cognitive resources are
distributed during learning and has traditionally been concerned with individual learning
from complex cognitive activities (CLT: Sweller, 1990; Sweller, van Merriënboer, &
Paas, 1998). The theory is particularly informative for designing technology-enhanced
environments as it provides a cognitive perspective of learning, opposed to an
information delivery perspective. Recent applications of CLT to groups aim to predict
when collaboration facilitates learning outcomes compared to working alone (e.g.,
Kirschner, Paas, & Kirschner, 2009a). It may be that collaborative groups experience a
distribution advantage where information is distributed across group members making the
group more able to manage highly complex tasks than individuals. Therefore, the more
complex the task, the more effective it will be for individuals to collaborate with other
individuals. However, if highly complex instruction or assessment tasks can be managed
6

through groups’ expanded processing capacity, how do groups manage less complex
instruction or tasks? Will they still reveal an advantage over individuals?
Game-based Instruction & Cognitive Processing
Second, integrating digital games into the classroom can be difficult and previous
instructional strategies used within traditional learning environments may not generalize
to computer-based tools (Mayer, 2003; Nihalani et al., 2010). Low prior knowledge
students, for instance, may appear at a disadvantage, in contrast to high prior knowledge
students, because of their lower cognitive capacity; however, even generalizing common
strategies to them (i.e., collaboration, feedback) may hamper learning outcomes if not
matched properly. Computer-delivered instruction should present low prior knowledge
students with smaller chunks, or bites, of instruction while still allowing for
experimentation and exploration. What if educators were able to control the amount of
instruction that is delivered to students? Further, what if educators were also able to
fashion the instructional sequence, composed of instruction and practice tasks, to fit their
students’ needs? Unfortunately, there is no research on how to design instructional
sequences that match the cognitive processing capacity of individuals and collaborative
groups.

STATEMENT OF PROBLEM
Research is needed to develop and integrate relevant areas about how people learn
with technology to provide: (a) practical methods for educators to implement individual
learning and collaborative learning effectively when using a simulation-based game
7

within a classroom environment, and (b) principles for instructional designers to create
simulations or games that can be utilized across a variety of instructional strategies.
Although there is sparse research on the differing cognitive capacities of individuals and
groups, no studies have examined how learning outcomes can be maximized for both.
Additionally, designers do not produce multiple versions of the same game to be used
across different instructional strategies. However, based on cognitive load theory,
restructuring the instructional sequence to match students’ cognitive capacity may reduce
the potential ineffectiveness of collaboration. Further, giving educators the option to
restructure instructional sequences themselves may increase the use and effectiveness of
simulation-based games in the classroom.

PURPOSE OF STUDY
The present study examined the effect of manipulating learning condition
(individual vs. collaborative) and instructional sequence cognitive load (small bites vs.
large bites) on the dependent measures of retention and transfer in a simulation-based
game across two laboratory sessions. Findings from this study may provide guidelines for
educators to effectively implement both individual and collaborative learning when using
a simulation-based game within a classroom environment. This study explored the
potential of collaborative groups’ expanded cognitive capacity within the framework of
the cognitive-affective theory of learning with media (Moreno, 2005; Moreno & Mayer,
2007) and cognitive load theory (Chandler & Sweller, 1991; Sweller et al., 1998).
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KEY VARIABLES
This study included two between-subjects factors, learning condition (individual
vs. collaborative) and instructional sequence cognitive load (small bites vs. large bites).
Manipulations of learning condition and instructional sequence were examined within the
framework of the cognitive-affective theory of learning with media (Moreno, 2005;
Moreno & Mayer, 2007).

RESEARCH QUESTIONS AND HYPOTHESES
Does the effectiveness of learning conditions (whether students work alone or in groups)
vary depending on the cognitive load required by the instructional sequence for
dependent measures of retention and transfer?
Advocates for collaborative learning argue that group discourse stimulates
conditions necessary for learning such as allowing learners to monitor their conceptual
understanding and clarifying inconsistencies in knowledge, and (Brown & Palinscar,
1989; Murphy & Alexander, 2005). From a cognitive load perspective, if learners are
expending cognitive resources that are beneficial to learning, then they are more likely to
engage in generative cognitive processing (Mayer & Moreno, 2007; Moreno, 2010). With
regard to collaborative learning from instructional sequences that impose high cognitive
load, the opportunity to divide the processing of information among group members was
predicted to result in positive learning outcomes (Kirschner et al, 2009b; Nihalani et al.,
2010; Moreno, 2009).
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In contrast, if learners are ineffectively expending cognitive resources elicited by
mismatched instruction, they may experience an increase in extraneous processing. In
contrast, with regard to learning from instructional sequences that impose low cognitive
load, the cognitive resources required to engage in the collaborative process were
expected to hamper learning outcomes. Therefore, it was predicted that there would be an
interaction on measures of cognitive processing between instructional condition
(individual vs. collaborative) and the cognitive load required by the instructional
sequence (small bites vs. large bites). When presented with the high cognitive load
instructional sequence, collaborative groups were expected to outperform individual
groups by pooling individual member’s processing capacities to share the cognitive load
imposed by the instructional content. Individual learners, in contrast, were expected to
experience extraneous processing in the high load sequence because they had only the
option to rely on themselves, thus allowing them to only retain surface level information
from the tutorials.
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CHAPTER 2

REVIEW OF LITERATURE

There is considerable research and practice in connection with collaboration in the
traditional classroom environment; however, the deficit of existing methods to develop
collaborative skills needed in the workforce today has received considerable attention.
The following literature analysis begins with a discussion of collaborative learning within
the theoretical framework of social constructivism. A disconnect between prior research
on facilitating collaboration and the defining features of group processing is presented.
The variables that are central to collaboration are identified as those that have been absent
from consideration within prior research and as well as the need to consider when
designing collaborative learning environments. Next, the theoretical framework of
situated cognition is presented as a perspective from which to consider developing
authentic collaborative environments. A review of simulations and games is then
presented within the theoretical framework of situated cognition. Finally, cognitive load
theory is acknowledged as the dominating framework within which computer-based
learning environments are examined. However, rising concern over the methodological
limitations of this theory was cause for considering collaborative and individual cognitive
capacities through the lens of the cognitive-affective theory of learning with media.

Social Constructivist Perspective of Learning
In Vygotsky’s seminal essay on education he remarked that, “learning awakens a
variety of internal developmental processes that are able to operate only when the
11

[student] is interacting with people in his environment and with his peers” (as cited in
Cole, 1978; p.90). In the 1960s, several decades after Vygotsky’s death, the emerging
cognitive revolution coupled with breakthrough research on how people learn prompted
interest in the form of meaning-making that only occurs within a social culture
(Greenwood, 1999). As inquiry moved toward considering individual differences in
cognitive demands and the role that learning environments could play in addressing these
differences, social constructivism gained prominence as a learning theory. The theory
describes learning as an active social process that takes place between the learner, their
environment, and the to-be-learned information (Bransford, Brown, & Cocking, 2000).
The awareness of the social dimensions of learning have resulted in instructional
techniques influenced by social constructivism require greater involvement by students in
the learning environment (Jonassen, 1991). Examples of such instructional techniques
that are specific to the present study include collaborative learning, situated cognition,
and distributed cognition (Brown, Collins, & Duguid, 1989; Hutchins, 1995; Pea, 1985;
Resnick, Levine, & Teasley, 1991).

COLLABORATIVE LEARNING
From a constructivist perspective, social interaction is a catalyst for promoting
learning. These interactions reorganize what we know because, by actively using
language, we revise what we know, and what we know causes us to revise our use of
language (Bruner, 1990). Language becomes the fundamental tool through which
learning occurs as the negotiation of meaning, construction, and shared understanding
12

focus specifically on learners engaging in dialogue (Vygotsky, 1987). The interactions
that occur are active on the part of the learner and characterized by their assimilation or
accommodation of new knowledge into existing schemata. Given the multidirectional
nature of peer-to-peer interactions, they are particularly facilitative of this process in
comparison to teacher-student interactions, which are characteristically bidirectional
(Daiute & Dalton 1993).
Collaborative learning describes three or more learners who cognitively and
cooperatively work together toward a shared goal. Effective collaboration requires group
members engage in discourse as well as internal discourse with the individual (Stahl,
2006). During the process of constructing meaning, the individual learner is
communicating and sharing with a community. Group discourse allows learners to
monitor their conceptual understanding, clarify inconsistencies in knowledge, and
(Brown & Palinscar, 1989; Murphy & Alexander, 2005; Spiro & Jehng, 1991).
Empirical support for collaboration has demonstrated greater achievement at the
individual learner-level, implications of higher-order reasoning through more
sophisticated levels of discourse, and a more frequent generation of creative ideas and
solutions across a variety of domains (Cho & Jonassen, 2002; Johnson & Johnson, 1999).
In a recent meta-analysis involving approximately 150 studies covering 17,000
students, the authors found strong effects on performance resulting from small group
structures (Roseth, Johnson, & Johnson, 2008). However, despite the mass of literature
supporting collaboration amongst peers, collaboration in itself does not necessarily yield
effective learning environments. Significant discrepancies have been reported between
13

performance scores obtained at the group level and those obtained at the individual
member level (Hatano & Inagaki, 1991; Salomon, Perkins, & Globerson, 1992). Simply
placing individuals in groups and assigning tasks does not guarantee they will engage in
effective collaborative learning processes or lead to greater learning outcomes.

Collaborative Scaffolds: An Example.
In Nihalani, Mayrath, and Robinson (2010), we investigated the effects of
collaborative scaffolds in the form of feedback on individual learners or collaborative
groups across two experiments. Participants in the first experiment demonstrated low
prior knowledge in the domain (computer networking) and those in the second
demonstrated high prior knowledge. The effects of collaboration varied by prior
knowledge, which was in contrast to the hypotheses of the first experiment. Low prior
knowledge and collaborative opportunities resulted in inferior performance while high
prior knowledge and collaborative opportunities demonstrated optimum learning gains.
Taken together, the combined results revealed prior knowledge mediated collaborative
effects. While the primary analyses of interest were on collaborative effects at the
individual-level, effects at the group-level, interestingly, failed to show differences in
performance. The interaction process is often assumed as a facilitator of individual
member performance; however, this study demonstrated circumstances under which the
process is an inhibitor. This topic is discussed next in greater detail.

14

Issues in Evaluating Collaboration
The notion that knowledge acquisition can appear at the group level, yet be absent
at the individual level, has been extensively studied by Webb and colleagues (e.g., Webb,
1992; Webb & Farivar, 1999; Webb, Nemer, & Zuniga, 2002). By focusing on student
interactions, they have demonstrated that the benefits of discourse on comprehension
vary. Surface-level discussion, for example, such as minimal explanation without
clarification, was negatively related to posttest scores. In contrast, active communication,
such as providing elaborate reasoning, correlated positively with individual-level posttest
scores.
Collaborative scaffolds have been used to coordinate and mediate group
discussions to promote beneficial interactions (e.g., Dillenbourg, 1999; O’Donnell
& Dansereau, 1992; Reiserer, Ertl & Mandl, 2002). These scaffolds have primarily been
implemented in the form of scripts to structure interaction by giving precise instructions
on how and when to interact. While positive outcomes have been reported, findings have
only pertained to the immediate effects of a single collaboration. Longitudinal findings
are currently absent from the literature but scripts may result in the learner’s failure to
understand the process for “good collaboration” thus preventing development of
collaborative skills. It would also stand to reason that in following constructivist
emphasis of dialogue for the negotiation of meaning, construction, and shared
understanding, scripts may be perceived as only means to an end because they too strictly
regulate group interaction.

15

Another factor regarding collaborative effects is the issue of measurement.
Learning is often indirectly measured by concentrating on variables that are external to
the collaborative process itself, such as “optimal” group size or communication mode
(e.g., Dillenbourg, 2002; Slavin, 1996; Straus & McGarth, 1994; Webb, 1992). In a
recent study conducted by Nihalani, Wilson, et al. (2010), a retrospective analysis on two
semester-long courses failed to show many of these variables as predictors of positive
learning outcomes. While groups may successfully solve “learning” tasks, albeit through
such methods as scripting, appropriate outcome measures, or test tasks, are often absent.
This misrepresents the quality of learning outcomes for individual learners and fails to
address under which conditions collaboration is most effective (Nihalani & Robinson,
2011).
Because a critical component of collaboration is the group discussion that occurs
while students are completing specific tasks, the critical elements of effective group
processes must be defined. Additionally, in order to create learning environments that
include these elements, constructivist-based conceptual frameworks must be applied.
These frameworks are more interactive and supportive of the learner as co-creator in the
learning process. The next section defines the critical elements of effective collaboration.

Communication and Coordination
Collaborative effectiveness for learning is conditional upon individual members
sharing their conceptual knowledge as well as their joint role in co-constructing a shared
understanding. Stated differently, groups will be most effective when first, the
16

information held by each member is communicated to the rest of the group and second,
each member plays a role in coordinating this information to attain common ground of
task objectives. Consequently, it seems reasonable then that communication and
coordination are the most significant contributing factors to group functioning and
success (Kreijns, Kirschner, & Jochems, 2003). Communication leads to shared cognition
and the co-construction knowledge, or, a collective knowledge structure. Shared
cognition is the result of knowledge building in social environments (Teasley &
Roschelle, 1993) and is especially important when information needed to successfully
solve a problem is distributed among members within the collaborative group.
Coordination is defined as the extent to which the group’s reasoning processes make
each member’s perspective known by remaining members and is contingent upon
members’ ability to engage in communication.
Collaborative effectiveness, then, is the structure and control of knowledge
communication and coordination. However, any beneficial effects for individuals within
a group may be reversed if the cognitive resources required by each group member to
engage in communication and coordination is more than those required by a single
member to complete the task. Group effectiveness is dependent on various individuallevel processes such as the degree to which each group member communicates their
understanding. Individuals, in turn, are affected by group-level processes such as the
group’s ability to construct a shared understanding of the problem to be solved. The
greater the degree to which collaborative groups function, the greater their processing
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capacity, and the more effectively they complete complex tasks with high processing load
due (Paas, Touvinen, Tabbers, & van Gerven, 2003).
Nihalani, Mayrath, et al. (2010) found favorable effects of collaboration only
amongst high prior knowledge students. In contrast, low prior knowledge students
demonstrated greater performance outcomes when they worked individually.
If the explanation for the inconclusive results of collaborative learning is due to a
mismatch between instruction and assessment tasks and the processing capacity of the
group versus individual, then instruction can be designed to take advantage of groups’
expanded processing capacity as well as the processing capacity of an individual, rather
than supporting one learning condition over another.

SITUATED COGNITION
With roots in social constructivism, situated cognition emerged from the same
movement towards viewing learning as a connection between the learner and the
environment. Situated cognition describes all learning as situated wherein development
of knowledge and skills should be within the contexts they will be applied (Greeno,
1989). “Context” implies that meaningful knowledge structures are formed through
authentic tasks that represent ordinary practices of a community (Brown et al., 1989).
Additionally, “authentic,” in this regard, does not refer to high fidelity or physical
authenticity. Instead, authenticity refers to cognitive authenticity wherein realistic
reasoning processes take place.
Lave and Wenger (1991) and Lave (1996) describe the learning necessary to
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become a member of a community of practice in which an individual is socially situated.
They establish that, to participate, comprehensive understanding is, of course, necessary
but in the form of factual knowledge; instead knowledge is gained within the community
through participation. Because a collaborative group can be considered a community of
learners, the community of practice notion supports collaborative efforts (Johnson, 2001).
Thus, “situatedness” or necessary knowledge is the capability to participate by engaging
in social interaction through the use of language to establish negotiated meaning.
Individuals often define what they do in terms of ongoing participation. The idea
that participation addresses not only the ways individuals engage in collaborative
activities but also the ways they identify with the activities points to the primary purpose
of considering situated cognition for purposes of the present study. This perspective, as
well as the overarching social constructivist perspectives, support that learning is
optimized when learners perform experiments or test the environment and then construct
ideas and relationships in their own minds based on these actions, rather than passively
accepting the ideas and relationships of others (Prensky, 2000). Facilitating collaborative
or participatory learning environments, with technology is the logical progression inside a
classroom.
While these notions are not new to education, it is only recently that it has become
possible leverage them for promoting classroom learning as they provide us with the
means to adopt new methods and tools with specific goals in mind (Brown et al., 1989).
As computer-based learning tools (technology) advance, they make possible increasingly
situated learning opportunities through a wider array of representations and experiences.
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Simulation and game design methodologies already include many of these concepts in
their rich environment (Gee, 2003). Educational researchers, in turn, are beginning to
lean on many of these design principles to create authentic contexts (Dickey, 2007). The
following section will first, defines and describes simulation-based games for general
learning and second, redefine their use as related to designing effective collaboration.

SIMULATION AND GAMES
Within the literature on games, simulations, and game-based simulations, there has
been a lacking differentiation between these terms. Because the goals and features of
each do, in fact, differ, it is important to distinguish one from the other to set parameters
regarding the capabilities of each. The following section defines simulations, games, and
makes explicit how they differ fundamentally. The references made to games are
specifically or computer-based or digital games. Aspire, the simulation-based game used
in this study, is then introduced.

Simulations
Since the late 1960s, the use of simulations has been an important element of
business and medical education (de Jung & Njoo. 1992). A simulation is an attempt to
model a real-life or hypothetical situation on a computer so that the learner can observe
causal relationships between variables within the system. These are open-ended scenarios
that evolve as a function of learner-defined actions and any natural complications
inherent in the task (Jonassen, 1994). Simulations can vary from role plays (brief, single
20

incidents) to multidimensional evolving problems that run for days and use role
descriptions including goals, responsibilities, constraints, and background information.
Gredler (2004) specifies four characteristics by which a simulation is defined: (1)
fidelity to model of a complex real-world situation with which the learner interacts, (2) a
specifically defined role consisting of responsibilities and constraints for the learner, and
(3) an opportunity to experiment and explore cause-and-effect relationships between
interacting variables. The fourth, and most advantageous, characteristic is feedback for
learner actions in the form a simulation response. This implies that simulations represent
ill-defined problems with vaguely defined goals and solutions similar to those
encountered in everyday practice (Jonassen, 1997). Because the simulation responds to
user actions, they can reveal learners misconceptions about phenomena in question.
Simulations can be categorized as one of two types that differ in user-defined
roles and the degree of physical representation of the phenomena in question: experiential
simulations and symbolic simulations. Experiential simulations immerse the learner
within virtual environments and provide realistic scenarios to allow them the opportunity
to negotiate their own meaning-making processes. Simulation fidelity is described as high
because it accurately presents the reality it represents; thus, experiential simulations can
be thought of as social microcosms (Alessi, 1988; Gredler, 2004). For example, astronaut
space simulators present trainees with authentic experience in shuttle launch, docking,
and landing in a reduced gravity environment (CTGV, 1993). Their content can reflect
real phenomena made less complex to enhance understanding (Dede, 1996).
Symbolic simulations, more commonly used, dynamically represent the behavior of
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a system through symbols. From an external vantage point, without a user-defined role,
the learner manipulates variables to discover or experiment with causal relationships of
the phenomena represented (Rieber, 1996). Symbolic simulations are directly linked to
the constructivist perspective; the learner has a direct role in building the simulation from
which they derive their own personal meaning (Jonassen, 1994).

Games
During this past decade, tremendous advancements in gaming technology have
been made resulting in the use of games within training environments (Dickey, 2007). In
the military, for example, games have been used to measure and develop hand-eye
coordination (Squire, 2003). Games vary in form from simple exercises, such as
matching statistical graphs to their written equations, to the more complex, such as teams
competing within a computer networking course to trouble-shoot a multi-interface
problem.
Gredler (1996) describes games as consisting of “rules that describe allowable
player moves, game constraints and privileges (such as ways of earning extra turns) and
penalties for illegal (non-permissible) actions. Further, the rules may be imaginative in
that they need not relate to real-world events” (p.523). Additionally, games are
“competitive exercises in which the objective is to win and players must apply subject
matter or other relevant knowledge in an effort to advance in the exercise and win”
(Gredler, 2004, p. 571). Thus, rules restrict the user’s actions through game constraints.
For illegal actions, penalties are awarded as well as incentives or rewards for
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achievements. Games do not necessarily have to represent reality nor do the rules. The
purpose of games is to win them, based on a clear goal structure, which implies a certain
level of play. To summarize the primary components, a game consists of: (1) settings that
represent reality, but not necessarily realistic, (2) roles or agendas for the learner, (3)
rules for achieving some outcomes, and (4) scoring, recording monitoring, or other kind
of systematic observation.
Motivation. The construct of motivation is, perhaps, what most separates games
from traditional classroom environments and is worth discussing briefly (Malone &
Lepper, 1987). Basic game characteristics (i.e. choice and challenge) and resulting
learning outcomes have strongly supported games to foster motivation which, in turn, is
strongly associated with academic achievement. For example, Cordova and Lepper
(1996) compared effects of choosing what fantasies were represented in games to teach
arithmetical order-of-operations rules with restricting that same choice. This option of
choice resulted in dramatically higher performance scores. Further, this study found that
fostering intrinsic motivation is a complex design process that hinges on individual
preferences. Personalization and choice not only affected motivation but also depth of
engagement in learning, the amount learned during a fixed time, and perceived selfcompetence. Related is the notion that the level of difficulty presented to an individual
user should be slightly greater than the user’s current ability level (Gee, 2003). This
optimal difficulty of the game is reflective of Vygotsky’s ZPD as well as a facilitator for
flow (Csikszentmihalyi, 1990; Vygotsky, 1978).
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Simulations vs. Games
Both simulations and games are referred to as experiential tools because they both
offer the learner opportunities to interact with specific subject matter content in a unique
way. They scaffold the learner to develop critical thinking skills through support in the
form of system responses to user decisions. Learners negotiate their knowledge and the
meaning they make within the environment of each to create new approaches
demonstrated or tested by engaging in different decisions in order to make sense out of
the represented phenomena (Gee, 2004). Unlike traditional learning environments, in
these presented here learners may learn how to do tasks without already knowing the
conclusions (DeKanter, 2005).
According to O'Neil and colleagues, simulations and games differ in three ways:
the sequence of events, the goal, sequence of events, and extent of real world
representation (O'Neil et al., 2005). First, regarding the sequence of events in games, the
sequence is linear in that the player completes a task and moves forward or they complete
the task incorrectly and are given another of equal difficulty. Tasks cannot be re-achieved
without intentionally restarting the game so that the flow of a game must be purposefully
interrupted. Simulations have nonlinear sequences whereby users are given different
problems or decisions based on how they completed their previous ones or the user can
continue to modify the variables to examine their effect. Generally, repetition of this
process is not restricted. The second distinguishing characteristic is the purpose. Games
are competitive and the primary purpose is to win, whether through engaging in
competition with other players or the computer. In simulations, on the other hand, users
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are assigned a real world role (i.e. heart surgeon) for which authentic tasks are associated
(i.e. heart transplant surgery). Finally, the consequences experienced by the users based
on their decisions differ between games and simulations. Games have strict rules that
determine the actions a player is allowed to take and the penalties awarded when those
rules are violated. Additionally, these rules do not have to coincide with real world
events. Since the basis for a simulation is for the user to explore the causal relationships
among several interacting variables, the consequence is for them to experience the effects
of their decisions as well as how the interactions may vary over time.

Aspire
Aspire is a simulation-based game that provides a high fidelity, authentic
experience, reflective of a simulation, as well an immersive experience within which
avatars complete tasks and challenges in a virtual environment. Aspire was created for
the Cisco Networking Academy which is a global education program for students
interested in learning skills related to information and communication technology
(www.cisco.com/web/learning). Cisco’s Aspire develops and assesses entrepreneurial
and internet-based application requirements through a series of small business owner
opportunities. Aspire will be discussed further in Chapter 3.

COGNITIVE LOAD THEORY
CLT assumes that we have a limited working memory and exceeding this capacity
hampers learning (Baddeley, 1992; Sweller, 1988). The limited working memory may
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store about seven elements but operates on just two to four elements (van Merriënboer &
Sweller, 2005). In contrast, long-term memory holds cognitive schema that vary in their
degree of complexity and automation. These schemas can heavily reduce working
memory load because even a highly complex schema can be dealt with as one element in
working memory. Working memory has no known limitations when dealing with
information retrieved from long-term memory (van Merriënboer & Sweller, 2005). The
cognitive load that a learner experiences during the learning process is caused by a
combination of novel information or task elements and the design of the instructional
materials burdening working memory.

Concepts of Cognitive Load Theory
CLT distinguishes between three types of load a given task can impose on the
learner: intrinsic load describes the inherent element interactivity associated with the tobe-learned material; germane load results from use of relevant cognitive resources for
meaningful investment in schema construction; and extraneous load is the irrelevant
cognitive load caused by instruction that does not contribute to learning (Sweller &
Chandler, 1994; van Merriënboer & Sweller, 2005). Both germane and extraneous load
can be directly manipulated and, because the three loads are additive, the total cognitive
load associated with an instructional design should stay within working memory limits
(Paas et al., 2003; Paas, Renkl, & Sweller, 2004).
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A Cognitive Load Perspective of Group-Level Cognitive Capacity
From a CLT perspective, collaboration allows for task-related load to be
distributed among group members, freeing up individuals’ working memory capacity, so
that more complex problems can be addressed within the group’s collective working
space. When performing complex tasks, the high intrinsic load will be reduced as a result
of collaboration if the group is performing as a single cognitive processing system.
However, the very nature of collaboration induces its own related extraneous cognitive
load because there are also cognitive costs to establish and maintain these group
processes (Baker, Hansen, Joiner, & Traum, 1999). Germane load then results when the
extraneous cognitive costs for collaboration pay off because they foster use of requisite
skill sets. Extraneous load is imposed when the cognitive costs are ineffective for task
completion because it fosters errors, dysfunctional processes, or unnecessary duplication.
Thus, if cognitive costs are too high, the advantages to sharing complex task-related load
(i.e., distribution of task-associated information elements among collaborative working
memories) may be inhibited (Kirschner et al. 2009).
Many of the studies discussed within the current section and those previous
framed their research within the perspective of cognitive load theory (Chandler &
Sweller, 1991; Sweller et al., 1998). However, I argue that, because of specific
limitations, a more appropriate framework for considering collaboration or group-level
processing is the cognitive-affective theory of learning with media (Moreno, 2005;
Moreno & Mayer, 2007). The next section discusses these limitations mentioned.
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Cognitive Load Limitations
Conceptual limitations. CLT has three primary conceptual limitations. According
to de Jong (2010), the actual construct of cognitive load and relation to intrinsic cognitive
load, mental load, and mental effort are not clear. Intrinsic cognitive load is defined as an
objective construct (Sweller & Chandler, 1994). Mental load has been defined as the
psychological experience that results from characteristics of the learner and task
characteristics (Campbell, 1988). Mental effort is one of the sources of mental load.
Thus, if mental load is a psychological experience, it cannot arise before the individual
has begun a task.
The second conceptual limitation, according to Moreno (2010), is presenting
evidence that extraneous cognitive load and germane cognitive load are distinctively
different constructs and that learning outcomes are dependent on this distinction. Since
both load types are contingent on learner characteristics and learning objectives, the
constructs are vague. Additionally, Sweller and colleagues present extraneous load as
‘bad for learning’ and present intrinsic load as ‘good for learning’. In doing so, only
retrospective explanations can be presented.
The third conceptual issue with CLT is in regards to the notion that the three
cognitive loads are additive and for learning to occur, the total load cannot exceed an
individual’s working memory capacity (Paas, 2002). However, Park, Moreno, Seufert, &
Brunken (2009) demonstrated that this additivity hypothesis does not hold even when
intrinsic load is controlled for. Further, there have not been any empirical findings that
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learning with decreased extraneous load and increased germane load will lead to lower
levels of cognitive load (Seufert & Brunken, 2006).
Methodological limitations. According to de Jong (2010), there are no standard,
reliable, and valid measures for the primary constructs of CLT. A plethora of studies have
continued to use a version of the single-item scale of perceived mental effort which was
the first self-report measure of total cognitive load. A single-item scale, according to
psychometrics, is not an appropriate construct measure. With regards to other potential
measures, cognitive capacity has rarely been used in research (van Gerven et al., 2004).
One of the fundamental predictions of CLT is that cognitive overload will occur when the
total amount of load induced by one’s learning environment exceeds the cognitive
capacity of the learner. However, without measuring cognitive capacity, this prediction
cannot be tested (Moreno, 2010).

The Cognitive-Affective Theory of Learning
According to the cognitive-affective theory of learning, cognitive processing is
the result of the interaction among the learner’s knowledge, abilities, beliefs, affect, and
motivation (Moreno & Mayer, 2007). This model assumes that cognitive capacity is a
something that student’s have ownership over and bring to the learning task whereas
motivation determines the actual amount of cognitive resources invested in the learning
task. The forms of processing that are distinguished in this theory are: extraneous
processing, essential processing, and generative processing (Moreno, 2005). These
constructs were labeled as such to avoid one being labeled as ‘bad load’ or ‘good load.’
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According to this theory, learning is affected by the actual amount of cognitive resources
spent rather than the maximum cognitive capacity (Moreno & Mayer, 2002). CLT does
not consider the interaction of cognitive load, affect, and motivation. This may be
extremely problematic if the empirical research for the relationship between these
constructs and learning is considered (Pintrich & Schunk, 2002).
For example, according to a CATLM, some media may be perceived as more
interesting than others, thus producing positive learning benefits by influencing the
learner to expend more effort on the task (Moreno, 2006). Similarly, some embedded
scaffolds may be perceived as more supportive than others; thus, producing positive
learning effects by potentially increasing their motivation for continuing the tasks. Most
importantly, according to Moreno (2010), learning is affected by the learner’s interest in
the subject and motivation to engage in the learning task (Pintrich & Schunk, 2001).
In sum, to advance our understanding about the effectiveness of collaboration
over individual learning conditions within a technology-enhanced environment, CATML
will be used to specify the mediating effects of learners’ affective attributes.

SUMMARY
In this chapter I discussed the inconclusiveness and associated problem of
identifying the factors that determine the effectiveness of collaborative environments.
The proposed study is heavily based on the collaborative learning research I have
conducted, specifically Nihalani, Mayrath et al., 2010. One possible cause for the
inconclusive results of collaboration may be due to a mismatch between instruction and
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assessment tasks and the processing capacity of the group. However, studies that discuss
group capacity frame their explorations within by perspective of cognitive load theory
which fails to account for interconnectedness among load, affect, and motivation. This
void is extremely problematic under the light of decades of empirical support for the tight
relation among these constructs (Pintrich & Schunk, 2002).
With perhaps the exception of Moreno (2009), the prior studies have in common
the fact that they sought to provide evidence for greater learning outcomes as a result of
collaboration. The argument for the greater learning gains resultant of collaboration relies
on the fundamental principle of social constructivism – the notion that meaning-making
only occurs within a social culture. Thus, I aimed to build on the foundation that these
studies have established as described in the following chapters.
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CHAPTER 3

METHOD

STATEMENT OF PURPOSE
The purpose of this study was to evaluate what level of instructional cognitive
load is optimal for learning computer networking skills in individual and collaborative
learning environments. Specifically, this study examined how varying both the cognitive
load determined by the instructional sequence (low load vs. high load) and learning
condition (individual vs. collaborative) affected performance on retention of tutorial
knowledge and on transfer of computer networking skills. Collaborative groups’
expanded cognitive capacity was explored within the framework of the cognitiveaffective theory of learning with media (Moreno, 2005; Moreno & Mayer, 2007) in
contrast to cognitive load theory (Chandler & Sweller, 1991; Sweller et al., 1998). This
chapter describes the research methods used.

PARTICIPANTS
The total sample was comprised of 149 participants recruited from the
Department of Educational Psychology subject pool at the University of Texas at Austin.
The sample was comprised of 85 males and 64 females. In terms of grade classification,
the sample was composed of 15 freshmen (10%), 23 sophomores (15%), 28 juniors
(19%), and 83 seniors (56%). With regards to major, the sample was composed of: 35
liberal arts (23%), 27 natural sciences (18%), 25 business (17%), 21 communications
(14%), 11 education (7%), 4 engineering (3%), 2 geosciences (1%), 8 other (5%), 16
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undeclared (12%). Approval was obtained from the university’s Institutional Review
Board prior to the study’s commencement (see Appendix A for the approved IRB).
Participants did not receive any financial compensation for their participation.

EXPERIMENTAL CONDITIONS
This study used a between-subjects design to analyze differences on dependent
measures across two levels of learning condition (individual vs. collaborative) and two
levels of multimedia instructional sequence (low cognitive load vs. high cognitive load)
in two controlled laboratory sessions. The experimental manipulation occurred during the
first session with delayed learning measures administered during the follow-up session.

Instructional sequence.
Small bites refers to a low cognitive load instructional sequence. The cognitive
processing time in this sequence was high as a result of dividing the total instructional
content into two meaningful tutorials and administering measures covered by the
respective tutorials directly after being viewed. This technique – breaking the multimedia
presentation into smaller bites – is an application of the segmenting principle. Large bites
refers to a high cognitive load instructional sequence. This instructional presentation
required the learner to process the total instructional content in a single continuous
sequence before completing the measures. See Figure 3.1.
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Figure 3.1 – Instructional sequence cognitive load

Learning condition.
Each set of tutorial measures involved a contract task that was to be solved within
Aspire. Collaborative learning conditions required group work on the Aspire contract
tasks. The order of task completion varied by assigned instructional sequence. See Figure
3.2. The collaborative tasks are shaded for clarity. Students in the Individual learning
conditions simply completed each of the tasks and measures on their own without the
help of others.

34

Figure 3.2 – Collaborative learning condition by instructional sequence

EXPERIMENTAL DESIGN
Subject pool assignment. Participants were randomly assigned by learning
condition wherein lab sessions alternated between running the two individual conditions
and the two collaborative conditions in an effort to avoid distracting participants working
individually, a resulting limitation of Nihalani et al., 2010. To increase power, I first
randomly assigned participants to learning conditions and, then, within each condition,
randomly assigned participants to instructional sequence. Within each condition, two
session times were also needed. However, due to participant assignment limitations of the
subject pool system, researchers are unable to assign their participants to conditions and
require participation in multiple sessions. To compensate for this limitation, participants
were systematically randomly assigned, by last name, to four different study IDs. From
an outsider’s perspective, this would appear as four separate studies and four separate
samples. In reality, one sample was drawn and systematically assigned to four separate
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groups: two per learning condition. This does not imply that participants were randomly
assigned to their experimental condition (four experimental conditions, four study IDs).
Due to limited participants during the semester this study was conducted, it became
apparent that by creating four study IDs instead of two, a greater number of participants
would be allocated. Within each study, each participant then signed up for two separate
lab sessions. Thus, participants were first systematically assigned to learning condition
and then randomly assigned to instructional sequence. The approved letter for this
process can be found in Appendix B.
To avoid biasing conditions with regard to time of experimental session,
collaborative and individual sessions were offered at nearly the same times in consecutive
weeks. For example, if collaborative conditions were run on Monday at noon during
week one of data collection, then individual conditions were run on Monday at noon
during week two. Within the individual and collaborative lab sessions, participants were
randomly assigned to instructional sequences that were set up in advance at each
computer. Thus, participants were assigned to one of four experimental conditions:
individual + low cognitive load, individual + high cognitive load, collaborative + low
cognitive load, and collaborative + high cognitive load, resulting in a 2x2 betweensubjects design (see Table 3.1). Participants in the collaborative groups were formed in
triads.
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Table 3.1 – Experiment Design: Learning Condition vs. Instructional Sequence
Low cognitive load

High cognitive load

“small bites”

“large bites”

Individual
Collaborative

Data Sources
Both quantitative and qualitative data collection methods were used to address the
research questions. The majority of the data was obtained through self-report surveys,
retention tests, and transfer tests. Additionally, discourse from a randomly selected set of
four collaborative groups informed and supported the quantitative data. Table 3.2 lists the
data sources. Retention and transfer measures were designed consistent with those used
in studies conducted examining CLT (Sweller, Sweller & Chandler, 1994; Sweller et al.,
1998) and CATML (Moreno, 2005; 2009) frameworks.
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Table 3.2 – Data Sources
Measure

Pretest

Description

Perceptions of collaborative learning.
15 items using a 5-point Likert scale.
Prior computer networking knowledge.
10 MC items.

CL Manipulation

Retention from tutorial 1.

Retention and transfer from tutorials 1 and 2.
6 MC items.

Cognitive processing

Affect rating.

(subjective)

4 items using a 5-point Likert scale.
Mental effort rating.
2 items using a 5-point Likert scale.
Difficulty rating.
2 items using a 5-point Likert scale.

Delayed transfer

Transfer from tutorials 1 and 2.
5 MC items.

Aspire contract 3

Session

One

Two

X

X

Data Type

Prior

X

Knowledge
Retention

X

5 MC items.
Comprehension

Session

Retention

X

Transfer
Motivation

X

Interest

X

X

X

X

Cognitive
load
Cognitive
load
Transfer

X

Time-to-completion.

Transfer
X

Comprehensive

Comprehensive retention test.
15 MC items.

Retention
X

Pretest. The pretest consisted of 15 multiple-choice items that assessed general
prior knowledge of computer networking (see Appendix C). This measure has been
revised twice and included it in several studies covering computer networking
instructional content to examine prior knowledge differences between experimental
conditions. This measure was initially developed for use in Mayrath et al., (2010). We
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explored the effects of varying tutorial modality presentation that covered computer
networking fundamentals and first-time user training on Packet Tracer, a simulation also
created by the Cisco Networking Academy. Results demonstrated a low reliability,
Kuder-Richardson Formula 20 (KR-20) alpha of .37, which is below the 0.7 threshhold of
acceptable reliability (Kline, 2005). Based on feedback from two computer science
professionals, all but eight of the original items were replaced for use in Nihalani,
Mayrath, and Robinson (2010b). For this study, we explored a relationship between
computer-based instructional presentation methods over computer and web security and
learner preferences. This version showed a moderate increase of reliability, Cronbach’s
alpha of .54, though still below 0.7. Following an item analysis, three items were
replaced for use in Nihalani et al. (2010a) which found an unanticipated interaction, as
well as expertise reversal effect, between computer networking prior knowledge (low vs.
high) and effective instructional procedure (individual feedback vs. collaborative
feedback). This version demonstrated a similar reliability, Cronbach’s alpha of .52. In an
effort to continue improving on reliability, five additional items were included for use in
this study.
Collaborative learning surveys. The collaborative learning surveys, as shown in
Appendix D, explored general perceptions of collaboration at the start of the study and
were modified to explore potential experimental effects on students’ perceptions of
collaboration at the end of the study. The survey administered at the start of the study
contained 15 self-report items that asked respondents to rate their level of agreement on a
five-point Likert scale ranging from (1) Strongly disagree to (5) Strongly agree. The
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survey that was administered as a pretest assessed general experiences with collaborative
groups (5 items), perceptions of group processes (5 items), and perceived outcomes of
peer collaboration (5 items). Previous experiences were assessed through items such as:
“My experiences of classroom peer collaboration have been positive,” and “I prefer
courses that do not have a collaborative/group work component.” Perceptions of group
processes asked students to rate their level of agreement on items that require them to
consider their role in groups: “ When collaborating with peers, I often assume a
leadership role,” and “I tend to have a difficult time communicating with my group
members.” Perceived outcomes of collaboration were assessed through items such as: “I
generally develop a deeper understanding of content as a result of working with peers.”
Both posttest surveys included five items. The individual learning condition
received items that assessed their perceptions of completing the study independently: “I
would have been more comfortable using Aspire if I had the opportunity to discuss it
with others.” The survey administered to the collaborative learning condition assessed
their collaborative learning experience: “I would have put in more effort in this study if I
had not been assigned to work in a group.”
Retention (Aspire Tutorial 1). The retention measure over the first Aspire tutorial
was comprised of ten items and verified manipulation of cognitive load. Retention was
assessed for the low and high cognitive load conditions after viewing the first and second
Aspire tutorials respectively. All participants completed the measure individually.
Affective learning scale. The affective learning scale contains four self-report
items asking participants to rate their level of motivation and interest, as a result of using
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Aspire, on a five-point Likert scale. This scale examined perceptions of Aspire across all
experimental conditions. This scale was adapted from Moreno (2007; 2009) and Moreno
and Mayer (2002). Moreno and Mayer examined the effect of modality of multimedia
instruction, in an agent-based game, across three display approaches. Cronbach’s alpha
indicated an acceptable estimate of reliability in this study (α = .78). The Likert scale
used was on a 10-point scale. Moreno (2007) examined a similar method for sequencing
instructional bites as the present study, although without use of an interactive
instructional tool (i.e., video). The same affective scale was used; however, the Likert
scale was reduced to five points. The reliability for this study was better than in the
previous study with results demonstrating Cronbach’s alpha of 91. Moreno (2009)
examined the effect of multimedia instruction that included a tutoring agent across three
learning approaches (individual vs. jigsaw vs. cooperative). Cronbach’s alpha indicated a
good estimate of reliability for this scale (α = .90). Thus, the affective scale used in this
study used the five-point rating scale and was modified for use as follows.
The following two questions were intended to assess interest level: “How
interesting was the tutorial you just viewed,” on a scale ranging from Boring (1) to Very
interesting (5) and “How entertaining was it to learn about this material,” on a range of
Tiresome (1) to Very entertaining (5). Motivation was assessed by asking the following
questions: “How motivated were you to learn about this material” on a scale ranging from
Not eager (1) to Very eager (5), and “If you had a chance to learn more about skills you
get to practice by using Aspire, how eager would you be to do so” on a scale ranging
from Not motivating (1) to Very motivating (5).
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Cognitive load. The cognitive load scale measured participants’ mental effort and
perceived difficulty after completing each of the second and third Aspire contracts. The
items were adapted from the same three studies from which the affective scale was
adapted. Results from Moreno and Mayer (2002) and Moreno (2007) demonstrated an
acceptable reliability estimate (α = .78 and .80 respectively). Moreno (2009)
demonstrated a high reliability estimate (α = .92).
Mental effort was assessed by asking participants to rate the mental effort they
had expended while completing the contract of interest on a five-point Likert scale
ranging from (1) Extremely low mental effort to (5) Extremely high mental effort.
Perceived difficulty was assessed by asking participants to rate how difficult they found
each contract on a five-point Likert scale ranging from (1) Extremely easy to (5)
Extremely difficult. These items are shown in Appendix E.
Transfer (Aspire tutorial 2). After participants completed the second contract,
they completed six multiple-choice items independent of one another over the content
from both tutorials and the decisions made in the second contract.
Delayed transfer. This measure was the first completed during the follow-up lab
session. Each item presented a hypothetical problem that was an extension of the first and
second contracts from the first lab session. The participant had to determine, given the
answer choices, the “first step” in troubleshooting the problem depicted.
Contract 3. Contract 3 was the contract itself (explained shortly).
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Comprehensive test. This measure contained 15 items that covered information
across both tutorials. Additionally, five items from the pretest that covered instructional
content were also included.
Collaborative group discourse. Four collaborative groups were selected at
random and their discussion recorded. Data analysis was a discourse analytic approach.

MATERIALS AND APPARATUS

Aspire instructional tutorials
Cisco’s Aspire contained three sets of instructional content that were built into the
game but, for reasons explained next, were not used in this study. The first set of
instructional content is a series of tutorials that demonstrate the basic functions, features,
and aspects of Aspire through animated Captivate screencasts. Each tutorial delivers
narration through pop-up text-boxes that accompany the animation as well as voice
narration. Users can turn off the audio narration if they choose. The second set of
instructional content is a series of tutorials for Packet Tracer, the simulation under
Aspire’s virtual world, called My First PT labs. The tutorials are, on average, four-minute
animated Captivate screencasts that orient the user to Packet Tracer’s interface by
displaying how to drag network icons and symbols to the virtual workspace. Unlike the
Aspire tutorials, the narration in each Packet Tracer tutorial is only delivered through
pop-up text-boxes that accompany the animation; no voice narration accompanies the
text-boxes. The third set of instructional content is a Help menu that can be used as a
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reference guide and contains text files with annotated screenshots covering a broad range
of topics.
For purposes of this study, content was pulled across these three existing sets to
design two tutorials that cover navigating the virtual world and fundamental computer
networking and business knowledge needed to complete quest contracts. Because the
quest contracts used in this study were pre-existing, task analyses for each contract were
reverse-engineered to identify knowledge needed to complete the quests and evidence for
the skills being practiced. The tutorials were designed according to principles listed in
Appendix F that are grounded in CTML (Mayer, 2001, 2005; Mayer & Moreno, 2003)
and CATML (Moreno, 2005, 2006, 2009). The task analysis worksheets for the three
contracts that were used in this study are included in Appendix G. Instead of including
popup boxes, narration was delivered aurally. Finally, to maintain experimental control of
pace, the tutorials were set to be system-paced so that participants would not able to stop,
pause, rewind, and fast-forward the presentation.
Tutorial One. The first Aspire tutorial was a nine-minute screencast created in
Camtasia Studio and used a worked-out example to familiarize first-time users with how
to navigate within Aspire’s virtual world and how to play the game. By virtue of the
worked-out example, the user is shown: (1) how to accept a contract from a client, (2)
navigate the city to enter specific places of interest (e.g., the Networking Equipment
Store, see Figure 3.1), (3) search for and purchase equipment from the Networking
Equipment Store, (4) view their profile and game progress, (5) access and use tools (e.g.,
task lists in the Contract Binder, see Figure 3.2), and (6) work through the contract.
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Additionally, a three-minute introduction covering the rudiments of Cisco’s Networking
Academy and Aspire’s intended user audience for developing entrepreneurial and
technical skills was included.

Figure 3.1 – Screenshot of Aspire Tutorial One
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Figure 3.2 – Screenshot of Contract Binder Tool

Tutorial Two. The second Aspire tutorial was a seven-minute screencast that
demonstrated: (1) the fundamental networking connection, a Local Area Network (LAN),
as a simple connection between a PC and a router, (2) defining characteristics of a LAN,
(3) the three steps involved in creating a network (physically building it, setting it up,
testing it), and (4) configuring a wireless connection. Next, a worked-out example was
presented that showed: (5) how to search for and purchase specific equipment (modules,
accessories, and software), (6) access and use tools (e.g., available equipment left over
from previous contracts), (7) work through building a network, and (8) configuring
network connections. Business knowledge was also included regarding: (9) opportunities
to donate materials and services, (10) maintaining relationships with previous clients, and
(11) choosing vendor relationships that balance budget and quality of services. In contrast
to the first tutorial, the second tutorial only presented instructional content for transfer of
knowledge to complete Contracts 2 and 3.
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Aspire quest contracts
Users’ progress in Aspire was tracked through score calculations, proficiency
points, and time. Score calculations were based on various factors and awarded at
different points during gameplay but the majority were calculated when a user completes
a contract. Aspire’s Help menu lists the following examples as factors that affect scoring:
completing contracts (with various aspects scored independently), credits given,
achieving proficiencies and badges, and time.
Aspire also measured students’ Business and Computer Networking proficiencies
determined by algorithms on student’s gameplay. Each proficiency further measures
three interrelated skill sets. For Business, these are money management, business sense,
and reputation. For Computer Networking, these are configuration, troubleshooting, and
physical labor. Table 3.3 lists and describes the six skill sets and corresponding
knowledge.
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Table 3.3 – Aspire Proficiencies, Skills, and Knowledge
Proficiency

Skill Set

Knowledge

Business

Money

Student is expected to pay bills on time, balance their income over

Management

time, and balance their expenses over time.

Business Sense

Student is expected to make informed decisions when presented with
opportunities such as contracts, donating services, and giving advice.

Reputation

Student is expected to maintain a high quality of work, respond in line
with client’s needs as perceived by the client, and adhere to ethical
considerations.

Computer

Configuration

Networking

Student is expected to perform the routine setup of networking devices
such as configuring IP addresses, interfaces, and programming switches
and routers.

Troubleshooting

Student is expected to diagnose faults in networks and repair faults in
networks.

Physical Labor

Student is expected to purchase equipment, physically install
networking devices, and make physical connections between the
devices.

Contract One (Internet Café). Upon entering the city, the client (Maria) called the
student’s avatar requesting assistance with setting up computers in a café. After the call
was answered and contract accepted, as presented in the first tutorial, Maria instructed the
player to visit the contract site, the Internet Café, shown below in Figure 3.3. When the
student’s avatar entered the contract site, a detailed task list that was stored in the
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Contract Binder appeared, see Figure 3.4. This contract required the user to purchase and
set up four PCs within an allotted budget. Because time-to-completion was considered a
dependent variable, participants were not given a time limit to complete the contract.
Pilot testing ensured adequate time was given.

Figure 3.3 – Screenshot of Contract One Venue (Internet Café)
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Figure 3.4 – Screenshot of Contract One Task List

The first contract required that participants purchase and setup four PCs. The
allotted budget for this contract was not enough for four new PCs unless a loan was taken
out from the bank. Thus, they had to purchase four refurbished PCs as well as
maintenance contracts in case computer problems arose.
Contract Two (State Office Building). During the first contract, the client (Maria)
gave the user’s avatar the contact information for a friend of hers (Mrs. Judy Jones).
Once players followed through by making contact, they were recommended for a job at a
state office building. The client, Michael, introduced the contract with the following
message:
Hi [Aspire Player]. The Employment Agency is expanding the computer
training lab and adding a PC to use for Internet calling and job
interviews. They need someone to help purchase and install the new PCs
and accessories.
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After the contract was accepted, the player was directed inside the contract site, the State
Office Building, shown below in Figure 3.5.

Figure 3.5 – Screenshot of Contract Two Venue (State Office Building)

The second contract required participants to: (1) correctly purchase equipment
(PCs, headphone, microphone, camera, wireless card, cables), (2) install them in a lab, (3)
physically connect three PCs to a router, (4) install a wireless card to a fourth PC, and (5)
set each computer to get their IP address configuration from the router (set to DHCP).
Because there were numerous ways in which this contract could be completed, Aspire
users were awarded full points as long as the contract was completed within the allotted
virtual time.
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Contract Three (Internet Café). Contract Three was an extension of the first
contract and took place at the same venue. The client, Maria, contacts the player
requesting that the Internet connection be set up in the café with the following message:
Hi [Aspire Player]. I need some help purchasing and setting up the
computer network in my Internet Café. You will be given 500 credits to
complete the project. Project tasks include: Select an appropriate Internet
Service Provider to meet the requirements. I just sent the ISP’s contact
information to your phone. Purchase the necessary equipment and
services to meet the requirements. Install and test the network. Your
choice of ISP, equipment, service costs, and the amount of time it takes
you to complete the tasks, will determine how many of the 500 credits you
get to keep for your efforts.
The primary task list for the third contract required participants to set up a LAN
by: (1) correctly purchasing equipment (a router and Ethernet cables), (2) setting up the
ISP, (3) physically building the network, (4) setting each computer to get their IP address
configuration from the router (set to DHCP), and (5) verifying that the computers can
reach the web server and troubleshooting those that were unable.

Apparatus
All experimental sessions, including the pilot, were conducted in a Learning
Technology Center computer lab within the George Sánchez building at the University of
Texas at Austin. Each computer lab had approximately 25 late generation Mac
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computers. During the tutorials, participants used USB headphones provided by the
university.

PROCEDURE
Pilot testing
Pilot testing took place during the week of March 14th, 2011 with a group of 17
students to correct technical problems and improve the measures. First, a group of seven
students pilot tested and provided feedback on how to clarify the many steps simplify the
study’s process. Second, a group of ten students pilot tested resulting in improvements
made to the pretest and post-test by examining which distracters were not working or
which items were poorly worded.
Formal data collection began on March 21, 2011 (see Table 3.4).

Session One Procedure
Contingent on the lab session for which participants signed up, they were
assigned to one of the two individual conditions or one of the two collaborative
conditions. When signing up to participate, participants selected a paired session, Day 1
and Day 2. These were determined in advance for each Day 1 session so that the time
between study parts were the same for all participants. Within the individual or
collaborative lab sessions, participants were randomly assigned to receive one of the two
instructional sequences that were already set up at each computer. Thus, participants were
assigned to one of the following four experimental conditions: individual + low cognitive
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load, individual + high cognitive load, collaborative + low cognitive load, and
collaborative + high cognitive load.
The computer setup was completed in advance of participants entering in the lab
and included logging in to each computer, placing instructions with a participant ID
underneath each mouse, and opening a folder on the computer desktop that contained the
files for this study. The files were labeled by their respective step for completion. For
example, the file labeled “Step 1” was the Survey Monkey webpage for the pretest. Each
participant ID was a random number with either the word State or Lake to indicate the
assigned instructional sequence as a precautionary measure.
Individual + Low cognitive load. Participants assigned to this group first
completed the pretest that consisted of a demographics survey, prior knowledge test, and
collaborative learning survey. They then viewed the first Aspire tutorial and completed
the retention test over the first tutorial. Participants then completed the first quest
contract. Next, participants in this condition viewed the second Aspire tutorial, completed
the second quest contract, comprehension test, and cognitive processing measures.
Participants in this experimental condition worked alone and received instructions not to
discuss Aspire, tutorial content, or measures.
Before leaving the computer lab, participants handed in their instruction sheet,
and entered their name and participant ID in a spreadsheet to link their data from both lab
visits. This file was saved and encrypted using TrueCrypt until data collection sessions
were complete at which time the file was securely deleted.
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Individual + High cognitive load. Participants assigned to this experimental
condition completed the pretest and first Aspire tutorial identically as participants in the
individual condition. Immediately following the first tutorial, they viewed the second
Aspire tutorial. Next they completed the retention test over the first tutorial, the second
quest contract, short answer item, and cognitive processing measures. Once completed,
participants followed the same exit procedure as the individual + low cognitive load
condition.
Collaborative + Low cognitive load. Participants assigned to this experimental
condition completed the demographics survey and pretest similar to participants in the
individual conditions. However, while completing the collaborative learning survey,
participants’ ID numbers were used to calculate pretest scores to categorize each
participant as having a low, medium, or high score relative to scores in their respective
experimental condition within the lab session. One participant from each of the score
categories was chosen to form matched triads. They were then asked to rearrange seating
so that members could sit together. Participants were not told how triads were created.
Based on Nihalani et al. (2010) it was expected that pretest scores would not vary
significantly. Nonetheless, matched groups were formed to avoid potential bias. After
rearranging seating, groups viewed the first Aspire tutorial, but completed the retention
test on their own. Next, as a group, participants completed the first quest contract.
Although members worked together, they each needed physically to complete the
contract on their respective computers. Next, they viewed the second Aspire tutorial and
completed the second quest contract as a group. The comprehension measure and
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cognitive processing measures were completed individually. Once completed,
participants followed the same exit procedure as the individual conditions.
Collaborative + High cognitive load. Participants assigned to this experimental
condition completed the pretests and were assigned to matched groups as had students in
the collaborative + small bites condition. After rearranging seating so that group
members sat next to each other, they viewed the first Aspire tutorial immediately
followed by the second Aspire tutorial. Next, independently, participants completed the
retention test over the first tutorial. Participants then worked together on the first and
second quest contract. Similar to the other collaborative condition, members needed to
complete the measures on their respective computers. Participants then worked
independently on the comprehension test and cognitive processing measures. The same
exit procedures were followed.

Session Two Procedure
The experimental procedure for Day 2 was the same for all participants. However,
each session had the same participants in attendance as Day 1. It was intended that the
time interval between the two lab sessions be the same for all participants. The computer
setup for the second session included logging in to each computer, placing instructions
underneath each mouse, and opening a folder on the computer desktop that contained the
files needed. Again, the files were labeled by their respective step for completion.
All participants. All participants followed the same procedure during the second
lab session which took place 48 hours after the first. Upon entering the lab, they received
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a post-it with the participant ID they had been assigned on Day 1. For this session, all
participants completed the measures individually: the delayed transfer test, the quest
contract, the comprehensive test, and cognitive processing measures. These were listed as
two different steps on the instructions to avoid confusion regarding the order that the
measures be completed. Thus, participants began with the delayed transfer test (Step 1),
the third quest contract (Step 2), the comprehensive test (Step 3), and lastly, the cognitive
processing measures and post-survey on collaborative learning (Step 4).

Table 3.4 – Data collection sessions, dates, and number of participants per session
Data
Collection

Session One Date

Session Two (follow up)
Date

Number of
participants

1

March 21, 2011

March 23, 2011

9

2

March 21, 2011

March 23, 2011

15

3

March 22, 2011

March 24, 2011

16

4

March 22, 2011

March 24, 2011
5

5

March 22, 2011

March 24, 2011

5

6

March 22, 2011

March 24, 2011

21

7

March 28, 2011

March 30, 2011

12

8

March 28, 2011

March 30, 2011

15

9

March 28, 2011

March 30, 2011

6

10

March 28, 2011

March 30, 2011

9

11

March 29, 2011

March 31, 2011
17

12

March 29, 2011

March 31, 2011
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19

CHAPTER 4

RESULTS

LOSS OF ASPIRE DATA
Several procedural issues occurred with the time-on-task data for Aspire Contract
3 – the contract completed during the follow-up lab session. The primary issue was the
discovery of a disconnect between the contract tasks users must complete for their task
list to appear complete and the additional steps for the telemetry report acurately to
capture the breakdown between total time in Aspire and time-to-complete each contract.
The standard log on/ log off operations in a computer lab at the University of
Texas are that the system securely deletes any files created when a student logs off. For
purposes of this study, the lab technician restricted the system from deleting accounts
created in Aspire so that participants could complete Contracts 1 and 2 during the first lab
session, save their game, and continue to Contract 3 during the follow-up session. We
tested each computer in the lab to ensure accounts would not be deleted. During the first
formal follow-up session, however, several participants discovered that their Aspire
accounts were, in fact, deleted and thus, they needed to create a new account. Other
participants found that although their accounts were saved, they were unable to remember
their password, despite receiving instructions to choose a password they could remember
as I did not have access to passwords. Finally, for the remaining participants, although
their Aspire user account was accessible, their saved game file was not.
Thus, I modified the follow-up session procedure to require participants to create
a new account for themselves if theirs were no longer available or to begin a new game if
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their account was available. As discussed in the previous chapter, Contracts 2 and 3
became accessible to users after they completed Contract 1. During the first session, I
gave directions, both at the beginning of the session and on each set of written
instructions, for how Contract 2 must be accessed. In the modified follow-up procedure, I
had participants complete Contract 1 again, and directed them to Contract 3. Including
the first contract did not significantly lengthen session time needed in the follow-up. All
things being equal, including the first contract may have been advantageous in
refamiliarizing students with Aspire’s virtual environment. The first and third contract
also share the same venue, making the latter a logical extension of the former.
The telemetry data collected by Aspire tracks total gameplay time and time-tocompletion for individual contracts by username. Date and time of game login is also
collected. Having two accounts per participant was not cause for concern in linking their
gameplay as the telemetry report showed duplicate accounts that could be differentiated
by date. However, for the telemetry to reflect time duration per contract, the user must
close out the current contract by requesting clients’ feedback for the completed work by
clicking the client’s avatar (if the client does not automatically appear), exiting out of the
contract venue to the main city view, and viewing the contract summary. From the users’
perspective, they see an itemized task list for each contract and, as they successfully
complete each task, it gets checked off the list.
The issue is that the users may consider a contract complete if their task list is
complete and move forward to the next contract or log off, which was the case here,
without a formal contract summary represented on the telemetry report as time-to59

completion. For the Contract 2 and Contract 3 task lists, each item can be checked off
without the user formally closing out of the contract. Rather than earning points, skill
proficiencies, and their contract completion times being recorded, the students’ log file
only shows total game play time if they began either of the contracts without them
formally ending. As a result, many participants perceived the completed task list as the
end of the second or third contract. Both versions of tutorial one, the original created by
Cisco and the one created by myself, did state “This contract summary indicates the end
of the contract” while showing it simultaneously onscreen; however, this important time
tracking detail was not identified until after the final data collection session.
Similarly, upon exiting Aspire, a small browser window appears indicating that
the user’s telemetry data were in-process of being updated. If the window was closed
before indicating that the data were updated successfully, then only total game play time
was recorded regardless of whether or not contracts were formally completed. I
discovered this during pilot testing. To ensure the data were updated for participants, I
required that they raise their hand upon completion of contracts so that I could verify that
their data had been updated successfully. Several students were unable to complete the
second or third contract before the end of the lab session. I did record the participant IDs
for these individuals. Thus, as I was able to view each Aspire logout, I recorded those
usernames/participant IDs where contract completion times should rightfully be
incomplete.
A second major issue with the time-on-task data were Internet connection issues
and computer freezes. On March 22rd, connection issues were significant with 16 of 47
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participants losing connection at some point while running Aspire, potentially affecting
telemetry updates. Computer freezes accounted for a total 19 of 149 participants needing
to close Aspire and begin a new game across session one and 18 of 149 across session
two. Additionally, of the user accounts created, eight across session one and nine across
session two did not reflect the participant IDs assigned, thus creating a difficulty in
linking data. Across session two for all conditions, only 40 of the 149 data points were
intact.
Finally, the comprehensive test that was administered through Survey Monkey
during the follow-up session and covered both tutorials was originally comprised of 20
multiple-choice items. I split the test across four pages with the intention of managing
participants’ extraneous processing. During informal piloting, because five of these items
were not yet ready to pilot, I restricted the last page of the measure from administration.
Halfway through formal data collection, I recognized that I had not lifted this restriction
thus, participants only completed a 15-item measure. This issue may have been important
to the results as scores were restricted on the comprehensive test; results of which are
presented shortly.

SCORING
The dependent variables under investigation were the immediate retention test
(scores ranging from 0-10), immediate comprehension test (scores ranging from 0-6),
delayed transfer test (scores ranging from 0-5), and delayed comprehensive test (scores
ranging from 0-15). Percent correct scores were calculated for these four learning
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outcome measures. A pretest measured general prior computer networking knowledge
(scores ranging from 0-15). Supplemental measures, included only to inform effects
found on learning measures, were two collaborative learning surveys containing 15 selfreport items that explored perceptions of group processes during both sessions (Likerttype rating from 1-5) and 12 self-report items assessing cognitive processing and affect
(Likert-type rating from 1-5).

QUANTITATIVE ANALYSES

Overview
For all statistical tests conducted, a significance level of 0.05 was applied.
Estimates of effect size are reported as Cohen’s f for F-tests where .10, .25, and .40
values correspond to small, medium, and large magnitudes, respectively (Cohen, 1988).
Cohen’s d is a more commonly used effect size statistic when describing relationships
between two groups of interest; however, in the analyses that follow I chose to convert d
to f where necessary for ease of comparison.
To establish the relationship between general computer knowledge assessed on
the pretest and the dependent measures, Pearson correlations were calculated. As reported
in Table 4.1, computer knowledge was not correlated with the tutorial retention test,
comprehension test, and delayed transfer test; however, it was correlated with the
comprehensive test. Because none of these correlations were even moderate, the
computer knowledge measure was simply used to test for equality of groups due to
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random assignment, and not as a covariate in any of the analyses involving dependent
measures.

Table 4.1 – Bivariate Correlations Between General Prior Knowledge and the Dependent
Measures
Dependent
measure
Tutorial retention
Comprehension
Delayed transfer
Comprehensive

Pearson correlation (n = 149)
r = .08, p > .05
r = .19, p > .05
r = .12, p > .05
r = .28, p < .01

To establish equality of groups with regard to general computer knowledge, a 2
(cognitive load: low vs. high) by 2 (collaboration: individual vs. group) ANOVA was
conducted. Scores indicated some degree of computer networking knowledge (M = .42,
SD = .14); however, results revealed no interaction, F(1, 145) = 1.22, p > .05, MSE = .03,
Cohen’s f = .09 (small), or main effects for learning condition, F(1, 145) = .49, p > .05,
Cohen’s f = .05 (small), or instructional sequence, F(1, 145) = 1.12, p > .05, Cohen’s f =
.09 (small). Thus, the analyses simply indicated that general computer knowledge did not
differ among treatment groups.
Retention was assessed for the low and high cognitive load conditions after
viewing the first and second Aspire tutorials respectively. To verify experimental
manipulation of cognitive load, an independent-samples t-test was conducted on retention
test scores. Scores in the low cognitive load condition (M = .64; SD = .17) were greater
than scores in the high cognitive load condition (M = .47; SD = .18), t(147) = 6.05, p <
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.01, Cohen’s f = .50 (large). These results indicate the attempt to manipulate cognitive
load through the instructional sequence was successful.
Initially, a MANOVA with learning condition and instructional sequence as
between-subjects factors was conducted on the three learning measures: comprehension,
delayed transfer, and comprehensive test. The analysis revealed a learning condition by
instructional sequence interaction on the comprehension test, Wilk’s λ = .86, F(1, 145) =
20.25, p<.01, Cohen’s f = .37 (medium), as well as an interaction on the delayed transfer
test, Wilk’s λ = .86, F(1, 145) = 4.16, p<.05, Cohen’s f = .17 (small). There was no
interaction or main effect on the comprehensive test. To follow up the multivariate
interaction effect, separate univariate two-way ANOVAs were conducted for each of the
three learning measures. Table 4.2 summarizes means and standard deviations of
proportion correct scores for the four treatment groups on the pretest of prior knowledge,
the retention test that assessed the cognitive load instructional manipulation, and the three
dependent measures.
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Table 4.2 – Means and Standard Deviations of Proportion Correct Scores on Dependent
Measures
Individual learning condition

Collaborative learning condition

Low cognitive load

High cognitive load

Low cognitive load

High cognitive

n = 36

n = 35

n = 39

load n = 39

M

SD

M

SD

M

SD

M

SD

Session

Prior Knowledge

.44

.12

.38

.15

.43

.16

.43

.14

One

Retention

.66

.18

.51

.16

.63

.16

.44

.19

Comprehension

.74

.15

.46

.22

.57

.23

.60

.23

Session

Delayed Transfer

.62

.15

.54

.15

.60

.17

.62

.19

Two

Comprehensive

.76

.10

.76

.13

.74

.14

.71

15

Note: The potential range of scores was 0-15 for the pretest, 0-10 for the retention test, 0-6 for the
comprehension test, 0-5 for the delayed transfer test, and 0-15 for the comprehensive test.

Sampling Procedures
Systematic random assignment was used to assign participants to each of the four
experimental conditions to control for subject pool administrative assignment limitations,
as described in Chapter 3. Before conducting a comparison of means, a Levene’s test was
used to assess equality of variances among cells. This test was not statistically significant
for any analyses indicating that the assumption of equal group variances was supported.

ANOVA Assumptions
Independence of Observations
Within each session, participants were assigned to a computer station based on
order of appearance to the computer lab. Participants did not interact with one another
while completing the dependent measures. Regarding participants within the
65

collaborative conditions, their collaborative tasks were completed as part of the treatment
and were not used in these analyses. To demonstrate independence on the comprehension
measure, the means of the standard deviations of scores within both the collaborative
groups and randomly created groups of the same size within the individual learning
condition were compared. No differences were found (MSD = .20, MSD = .26,
respectively), t(48) = 1.75 , p > .05. Thus, all observations were assumed independent.
Normality
Figure 4.1 displays the distribution of pretest scores. Nonparametric KolmogorovSmirnov tests were conducted to test the assumption of normality on each of the
measures. Results indicated a non-normal distribution on the pretest, Z = .13, df = 149, p
< .01. These significant findings aside, ANOVA has been found to be robust to
deviations from normality, particularly when n > 30 per cell (Stevens, 2002).
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Figure 4.1 – Distribution of Computer Knowledge Scores

Homogeneity of Variance
To test for homogeneity of error variance, Levene’s test was conducted for each
measure. No significant differences were found on any of the measures, thus supporting
the assumption of equal variances among conditions. Table 4.3 summarizes these results.
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Table 4.3 – Results for Levene’s Test on Dependent Measures
Measure

Levene’s test for homogeneity of variance

Computer knowledge

F(3, 145) = 1.28, p > .05

Retention

F(3, 145) = 1.88, p > .05

Comprehension

F(3, 145) = 2.14, p > .05

Delayed transfer

F(3, 145) = 2.10, p > .05

Comprehensive

F(3, 145) = 1.86, p > .05

Computer knowledge test reliability
The internal consistency of the prior general computer networking knowledge
measure was low directly reflecting the low number of items. This test had 15 items and a
Kuder-Richardson Formula 20 (KR-20) of .37. Because the internal consistency
reliability of the measure is below .7, interpretation of results from analyses on this
measure must be made with caution. Again, this measure was used only to test for
preexisting differences among groups.

Retention Test
Discussed previously, the retention test verified manipulation of cognitive load
for instructional sequence using an independent-samples t-test. Students in the low
cognitive load conditions scored higher than those in the high cognitive load conditions.
Retention Reliability
The retention test had 10 items with a KR-20 of .49. Once again, the internal
consistency of the measure was low, most likely due to the small number of items.
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Because the reliability of the measure was below .7, the results from analyses using this
measure must be interpreted with caution. This measure was only used to assess the
treatment validity of the cognitive load manipulation.

Comprehension Test
The session one comprehension test over the instructional tutorials was analyzed
using a two-way ANOVA.
Comprehension Reliablity
The retention test had six items with a KR-20 of .36. Once again, with a small
number of items, the internal consistency of the measures was low. Because the
reliability of the measure was below .7, the results from analyses using this measure must
be interpreted with caution.
ANOVA Results for the Comprehension Test
There was no main effect of learning condition, F(1, 145) = .17, p > .05, MSE =
.04, Cohen’s f = .03 (small). However, there was a main effect for instructional sequence,
participants who had received the low load sequence scored higher than did high load
students, F(1, 145) = 14.61, p < .01, MSE = .04, Cohen’s f = .33 (medium). More
importantly, there was an interaction, indicating the effect on comprehension scores of
instructional sequence was dependent on learning condition, F(1, 145) = 20.25, p < .01,
MSE = .04, Cohen’s f = .40 (large).
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Tests of the simple effect of learning condition (individual vs. collaborative)
within each instructional sequence condition (low vs. high cognitive load) were
conducted to follow up the interaction effect. For participants who received the low
cognitive load instructional sequence, those in the individual learning condition
(M = .74, SD = .15) outperformed those in the collaborative learning condition (M = .57,
SD = .22), F(1, 74) = 14.41, p < .01, MSE = .04. For participants who received the high
cognitive load condition, those in the collaborative learning condition (M = .60, SD = .23)
outperformed those in the individual learning condition (M = .46, SD = .22), F(1, 74) =
9.58, p < .01, MSE = .04.Table 4.4 below presents the results of the 2 x 2 ANOVA on the
comprehension test.

Table 4.4 – ANOVA Source Table: Comprehension Test
Source

SS

df

MS

F

Sig.

Cohen's f

.01

1

.01

.17

.68

.03

Cognitive Load

.55

1

.55

14.61

.00

.33

Interaction

.88

1

.88

20.25

.00

.40

Error

6.30

145

.04

-----

Learning
Condition

Table 4.5 lists the means and standard deviation of proportion correct scores on
comprehension and Figure 4.2 illustrates the interaction between learning condition and
instructional sequence.
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Table 4.5 – Means and Standard Deviations of Proportion Correct Scores on
Comprehension
Learning Condition Instructional Sequence

M

SD

N

Individual

Low Cognitive Load

.74

.15

36

High Cognitive Load

.46

.22

35

Total

.60

.23

71

Low Cognitive Load

.57

.22

39

High Cognitive Load

.60

.23

39

Total

.58

.22

78

Low Cognitive Load

.65

.21

75

High Cognitive Load

.53

.23

74

Total

.59

.23

149

Collaborative

Total

Note: The potential range of scores was 0-6 for the comprehension test.
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Figure 4.2 – Learning Condition by Instructional Sequence Interaction on
Comprehension

Delayed Transfer Test
The delayed transfer test was administered during the follow-up lab session two
days after the initial lab session.
ANOVA Results for the Delayed Transfer Test
There was no main effect of learning condition, F(1, 145) = 1.09, p > .05, MSE =
.03, Cohen’s f = .08 (small), or instructional sequence, F(1, 145) = 1.26, p > .05, MSE =
.03, Cohen’s f = .10 (small). However, there was a learning condition by instructional
sequence interaction, F(1, 145) = 4.16, p < .05, MSE = .03, Cohen’s f = .17 (small).
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Tests of the simple effect of instructional sequence condition (low cognitive load
vs. high cognitive load) within each learning condition (individual vs. collaborative) were
conducted to follow up the interaction effect on the delayed transfer test. There was a
simple effect of instructional sequence within the individual learning condition indicating
that participants who received the low cognitive load instructional sequence (M = .62, SD
= .15) outperformed those who received the high load instructional sequence (M = .54,
SD = .15), F(1, 69) = 5.76, p < .01, MSE = .03. In contrast, there was no simple effect of
instructional sequence within the collaborative learning condition, F(1, 76) = .384, p >
.05, MSE = .03; thus, there was no difference between the low cognitive load and high
cognitive load instructional sequence conditions (M = .60, SD = .17 vs. M = .62, SD =
.19, respectively). Table 4.6 lists the results of the 2 x 2 ANOVA on the delayed transfer
test.

Table 4.6 – ANOVA Source Table: Delayed Transfer Test
Source

SS

df

MS

F

Sig.

Cohen's f

.03

1

.03

1.09

.30

.08

Cognitive Load

.04

1

.04

1.26

.26

.10

Interaction

.12

1

.12

4.16

.04

.17

Error

4.06

145

.03

-----

Learning
Condition
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Table 4.7 lists the means and standard deviation of proportion correct scores on delayed
transfer and Figure 4.3 illustrates the interaction between learning condition and
instructional sequence.

Table 4.7 – Means and Standard Deviations of Proportion Correct Scores on Delayed
Transfer
Learning Condition Instructional Sequence

M

SD

N

Individual

Low Cognitive Load

.62

.15

36

High Cognitive Load

.54

.15

35

Total

.58

.16

71

Low Cognitive Load

.60

.17

39

High Cognitive Load

.62

.19

39

Total

.61

.18

78

Low Cognitive Load

.61

.16

75

High Cognitive Load

.58

.18

74

Total

.59

.17

149

Collaborative

Total

Note: The potential range of scores was 0-5 for the delayed transfer test.
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Figure 4.3 – Learning Condition by Instructional Sequence Interaction on Delayed
Transfer

Comprehensive Test

The comprehensive test was administered during the follow-up lab session two
days after the initial lab session.
Reliability.
The comprehensive test had 15 items with a KR-20 of .32. Once again, the
internal consistency of the measures was low, most likely attributable to the small
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number of items. Because the reliability of the measure was below .7, the results from
analyses using this measure must be interpreted with caution.
ANOVA Results for Comprehensive Test
There were no main effects of learning condition, F(1, 145) = 2.05, p > .05,
MSE = .02, Cohen’s f = .12 (small), or instructional sequence, F(1, 145) =.37, p > .05,
MSE = .02, Cohen’s f = .05 (small). Also, there was no learning condition by
instructional sequence interaction, F(1, 145) =.59, p < .05, MSE = .02, Cohen’s f = .06
(small).

QUALITATIVE ANALYSES
Overview
Participants’ interactions were explored using a discourse analytic approach with
discourse data gathered for four of the collaborative groups. The emergent coding scheme
came from a microcoding of participants’ statements. Microcoding is the process of
determining, as the unit of analysis, the smallest meaningful codable unit of speech
within a conversational turn. The microcoding approach was chosen due to the fact that
the majority of conversational turns recorded were two to three statements. Table 4.8
displays statement counts for each of the four groups.
Statements were classified by three codes: retention, elaboration, and
metacognition. Retention statements represented recall of content delivered through the
Aspire tutorials, such as “I think you have to turn off the computer before you can install
that [wireless module],” (Group 1 member). Elaboration statements included meaningful
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connections of content delivered through the tutorials, such as “Can’t you get a
[maintenance contract] for new ones too? I always need it,” (Group 3 member referring
to his personal experience buying new computers). Finally, metacognition referred to any
statements made that referred to, evaluated, or reflected on, the current contract, the
previous contract, or the tutorial content. An example is: “We don’t need to buy the
[refurbished] PCs this time, right? So we don’t need to buy those maintenance contracts
again.”
Additionally, participants in the high cognitive load condition exhibited several
interactions that included a sequence of conversational turns within which the topic of
focus changed to another topic related to completing the contracts and in which each of
the three group members engaged. The following is an example of a reciprocal
elaboration that occurred in Group 4 while completing the second contract. The second
contract requires participants to apply both tutorials to complete the following tasks:
purchase several pieces of equipment, install the equipment in a lab, physically connect
three PCs to a router, install a wireless card in fourth PC, and set each computer to get
their IP address configuration from the router. Based on their interaction below, it seems
likely the last turn was a reference to setting a first time Internet connection, and Student
1’s own personal computer or laptop.
Student 1: OK so, we need those cables. We didn’t before, I think.
Because…what was her name…there wasn’t an Internet connection thing on that
list.
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Student 2: Yeah, no, it wasn’t on that list before. But, we don’t need a bunch.
Wait hold on.
Student 3: Four, no wait, yeah three. Why? Who uses wires anymore?
Student 2: I do! But the wireless at my apartment complex is free, but it’s never
working.
Student 3: Wait go back to outside the building (referring to either Students 1 or 2
exiting to the City View in Aspire). Oh nevermind. Maybe we do something in an
apartment next, you could see what’s wrong with your place.
Student 1: Oh look, no don’t turn it off there (referring to computer). It just takes
awhile, maybe because it’s the first time connecting. Mine is like that at new
places.

Table 4.8 – Retention, Elaboration, and Metacognition Statement Count by Collaborative
Group
Low Cognitive Load

High Cognitive Load

Contract 1

Contract 2

Contract 1

Contract 2

Group 1

Group 2

Group 1

Group 2

Group 3

Group 4

Group 3

Group 4

Retention

5

3

4

2

3

1

11

7

Elaboration

0

0

3

1

2

1

2

2

Metacognition

0

1

0

2

0

4

3

6

Total

5

4

7

5

5

6

16

15

---

---

---

---

1

0

3

2

Reciprocal
Elaboration
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Supplemental Self-report Measure Analyses
Self-report items were intended to measure three aspects of participants’
experience: perceptions of collaboration, affective response, and cognitive load.
Perceptions of collaboration were assessed before the study to explore previous
experiences with and general perceptions of collaboration. Results from the post-survey
were examined to compare perceptions between conditions. Excluding the pretest of
collaboration, two-way ANOVAs were conducted on each item to test for differences of
learning condition and instructional sequence as well as an interaction. Results of these
analyses are not intended to “stand alone” as tests of research questions. Instead, they are
intended to assist in the interpretation of findings related to learning outcomes.
Additionally, due to the extreme data loss for time-on-task for the third contract,
the few data points that were gathered will be included here. The following section
discusses results for these four areas.

Time-on-Task
The data loss for time-on-task for the third contract was extreme with only 40 of
the 149 data points intact. Descriptive statistics are listed in Table 4.9. The unit of
analysis is in minutes and seconds, converted from the telemetry report where time is
reported in seconds. Although the cell sizes are uneven and results from the Levene’s test
significant, even after deletion of an outlier, a visual inspection of time data (Figure 4.4)
shows a trend similar to the previously reported analyses.
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Table 4.9 – Means and Standard Deviations of Time-on-Task for Contract 3
Learning Condition

Instructional Sequence

M

SD

N

Individual

Low Cognitive Load

12.52

2.85

13

High Cognitive Load

17.28

7.06

9

Total

14.47

5.42

22

Low Cognitive Load

11.66

1.96

10

High Cognitive Load

10.50

2.89

8

Total

11.15

2.17

18

Low Cognitive Load

12.15

2.89

23

High Cognitive Load

14.09

6.29

17

Total

12.97

4.55

40

Collaborative

Total
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Figure 4.4 – Learning Condition by Instructional Sequence Interaction on Contract 3

Perceptions of Collaboration
Pre-survey. Pre-survey results from the collaboration survey were examined to
compare participants’ perceptions on: general experiences with collaborative groups,
perceptions of group processes, and perceived outcomes of peer collaboration.
Participants were asked if they have taken courses that utilize collaboration (“Have you
taken courses that use collaborative, team, or group work which is defined as 3-5
students working together on an assignment or task?”) to which 91% responded yes (n =
135).
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Table 4.10 – Descriptive Statistics for Collaborative Perceptions (pre)
Item

M

SD

N

3.64

.88

149

2.35

.99

149

3.79

.64

149

3.29

1.17

149

3.97

.78

149

Perceptions of group When collaborating with my peers I usually 3.54

.95

149

.78

149

2.98

1.04

149

2.53

1.04

149

.76

149

.98

149

3.53

.83

149

I develop a deeper understanding of content 3.26

.97

149

.80

149

General experiences My general experiences of collaboration
of group work

with peers have been positive.
I have not enjoyed collaborating with my
peers on assignments.
Generally, my group members have worked
well with one another.
I prefer courses that do not have a
collaborative/ group work component.
I usually feel that I can complete group
assignments on my own.

processes

assume a leadership role.
Problems often arise within the collaborative 2.30
groups that I am a member of.
I find myself doing most the work when
collaborating with me peers.
Working in collaborative groups requires
less work of myself.
I tend to have a difficult time communicating 2.06
with my group members.

Perceptions of

I feel that I achieve better outcomes working 3.31

outcomes of peer

alone than working with others.

collaboration

Marks awarded at the group level have
generally been fair.

as a result of working with peers.
In general, collaborative work helps me to
improve my communication skills.
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3.78

Item

M

SD

N

3.64

.88

149

2.35

.99

149

3.79

.64

149

3.29

1.17

149

3.97

.78

149

Perceptions of group When collaborating with my peers I usually 3.54

.95

149

.78

149

2.98

1.04

149

2.53

1.04

149

.76

149

.98

149

3.53

.83

149

I develop a deeper understanding of content 3.26

.97

149

3.78

.80

149

I tend to find material more interesting when 4.25

.92

149

General experiences My general experiences of collaboration
of group work

with peers have been positive.
I have not enjoyed collaborating with my
peers on assignments.
Generally, my group members have worked
well with one another.
I prefer courses that do not have a
collaborative/ group work component.
I usually feel that I can complete group
assignments on my own.

processes

assume a leadership role.
Problems often arise within the collaborative 2.30
groups that I am a member of.
I find myself doing most the work when
collaborating with me peers.
Working in collaborative groups requires
less work of myself.
I tend to have a difficult time communicating 2.06
with my group members.
I feel that I achieve better outcomes working 3.31
alone than working with others.
Marks awarded at the group level have
generally been fair.

as a result of working with peers.
In general, collaborative work helps me to
improve my communication skills.

I am working in a collaborative group.
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Table 4.11 – Means on Collaborative Post-Survey for the Individual Learning Condition
Individual Learning Condition

I would have achieved better outcomes if I worked with other
students.*
I would have developed a deeper understanding of the content
presented if I had collaborated with my peers.
I do not feel that I would have performed better on the tasks I
completed if I had worked with other students.
I would have tried harder in this study if I had been assigned to a
collaborative group.*
I would have been more comfortable using Aspire if I had the
opportunity to discuss it with others.

Low load (n=36)

High load (n=34)

M

SD

M

SD

3.17

.86

3.60

.79

ns

ns

ns

ns

ns

ns

ns

ns

2.18

.76

2.43

.77

ns

ns

ns

ns

Table 4.12 – Means on Collaborative Post-Survey for the Collaborative Learning
Condition
Collaborative Learning Condition

I would have achieved better outcomes if I worked alone than with
my group members.*
I would have developed a deeper understanding of the content
presented if I had not been assigned to a collaborative group.
I do not feel that I would have performed better on the tasks I
completed if I had worked alone.
I would have tried harder in this study if I had been able to
complete it without the help of others.*
I would have been more comfortable using Aspire if I did not have
to discuss it with others.
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Low load (n=39)

High load (n=39)

M

SD

M

SD

3.78

.99

2.71

.87

ns

ns

ns

ns

ns

ns

ns

ns

3.09

.81

2.58

.97

ns

ns

ns

ns

Perceived Cognitive Load
There were differences among groups on four of the perceived cognitive load
items. A learning condition by instructional sequence interaction was found for the selfreport item, “Please rate how difficult the second contract was,” F(1, 145) = 4.37, p <.05,
MSE = .92, Cohen’s f = .17 (small). There was no simple effect of learning condition
within the low cognitive load condition, F(1, 74) = 2.81, p > .05, indicating no
differences on reported difficulty ratings for the second contract between participants in
the individual learning condition (M = 2.28, SD = 1.14) and those in the collaborative
learning condition (M = 2.69, SD = 1.00). Similarly, the simple effect of instructional
sequence within the high cognitive load condition was not significant, F(1, 74) = 2.57,
p > .05. Thus, no differences were observed in difficulty ratings reported between
participants assigned to the individual (M = 2.57, SD = .82) and collaborative learning
conditions (M = 2.41, SD = .85). Figure 4.5 displays the interaction on difficulty ratings
for the second contract. However, the pattern of the interaction is consistent with the
those found on the learning measures, and suggest that individual learners found the high
cognitive load condition to be more difficult than the low load condition, whereas
collaborative learners found the opposite to be true.
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Figure 4.5 – Results for Perceived Difficulty for Contract 2

Results also demonstrated an interaction on the self-report item “Please rate your
level of mental effort while completing Contract 2,” F(1, 145) = 3.96, p < .05, MSE = .81,
Cohen’s f = .17 (small). There was no simple effect of instructional sequence within the
low cognitive load condition, F(1, 74) = .27, p > .05; thus, mental effort ratings for the
second contract did not differ between the individual and collaborative learning
conditions (M = 2.33, SD = .93 vs. M = 2.44, SD = .79, respectively). However, there was
a simple effect of instructional sequence within the high cognitive load condition
significant, F(1, 74) = 5.75, p < .05. Participants assigned to the individual learning
condition (M = 2.57, SD = .92) reported greater levels of mental effort while completing
the second contract than participants in the collaborative learning conditions (M = 2.05,
86

SD = .94). Figure 4.6 displays the interaction on mental effort ratings for the second
contract.

Figure 4.6 – Results for Perceived Mental Effort on Contract 2

In the follow-up session, a learning condition by instructional sequence
interaction was found on the self-report item “Please rate how difficult the third contract
was,” F(1, 145) = 4.25, p < .05, Cohen’s f = .17 (small). There was no simple effect of
instructional sequence within the low cognitive load condition, F(1, 74) = .61, p > .05.
Difficulty ratings for contract three did not differ between participants in the individual
learning condition (M = 2.36, SD = .99) and those in the collaborative learning condition
(M = 2.54, SD = .97). In contrast, there was a simple effect of instructional sequence
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within the high cognitive load conditions, F(1, 74) = 5.12, p < .05. Participants who had
completed the instructional sequence two days prior in the individual learning condition
(M = 2.83, SD = 1.04) perceived the third contract as more difficult than participants who
had completed the same instructional sequence in the collaborative learning condition (M
= 2.33, SD = .84). Figure 4.7 displays the interaction on difficulty ratings reported for the
third contract.

Figure 4.7 – Results for Perceived Difficulty on Contract 3

A main effect of learning condition was found on the self-report item “Please rate
how difficult it was to remember information from the tutorials for Contract 2,” F(1, 145)
= 3.82, p < .05, Cohen’s f = .16 (small). Although participants in the collaborative
learning condition perceived a greater difficulty than those in the individual learning
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condition in remembering tutorial content for the second contract (M = 3.04, SD = .72 vs.
M = 2.79, SD = .85, respectively) the mean differences among the four conditions follow
the pattern discussed previously. Figure 4.8 displays the interaction on perceived
difficulty for the second contract.

Figure 4.8 – Results for Perceived Difficulty Remembering Tutorial Content for Contract
2

Non-significant cognitive load items
Descriptive statistics for the non-significant self-report items reflect trends
consistent with the learning outcome results and statistically significant items (Table
4.13).
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Table 4.13 – Means on Non-significant Self-Report Items

Mental effort on Tutorial 2

Individual learning condition

Collaborative learning condition

Low load

High load

Low load

High load

(n = 36)

(n = 34)

(n = 39)

(n = 39)

M

M

M

M

2.61

2.79

2.85

2.63

2.64

2.76

2.54

2.40

3.81

3.74

4.03

3.85

Difficulty remembering tutorial
content for Contract 3
Difficulty remembering tutorial
content for comprehensive test

Perceived Affect

Effects for two of the four items assessing affect during the first lab session were
found. Results for the first of these demonstrated a learning condition by instructional
sequence interaction for the self-report item measuring motivation (“How motivated were
you to learn about this material”), F(1, 145) = 8.52, p < .01, MSE = 1.13, Cohen’s f = .25
(medium). Tests of the simple effect of instructional sequence within the low cognitive
load condition did not demonstrate differences on motivation between the individual (M
= 2.53, SD = 1.11) and collaborative learning conditions (M = 2.15, SD = .78), F(1, 74) =
2.89, p > .05. Within the high cognitive load condition, however, there was a simple
effect of instructional sequence, F(1, 74) = 7.56, p < .01. Ratings on motivation were
greater for the collaborative learning condition (M = 3.08, SD = 1.16) than the individual
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learning condition (M = 2.34, SD = 1.16). Figure 4.9 displays the interaction on
motivation towards learning the content presented in the tutorials.

Figure 4.9 – Results for Perceived Motivation to Learn Tutorial Content

The second affective item to reveal differences among groups assessed
entertainment, “How entertaining was it to learn about this material?” A main effect for
learning condition, F(1, 145) = 5.39, p < .05, MSE = 1.23, Cohen’s f = .19 (small),
indicated participants assigned to the individual condition (M = 2.66, SD = 1.08) found
the material to be more enteraining than the collaborative learning condition (M = 2.23,
SD = 1.17). Although responses for this item are at odds with observed differences to the
aforementioned results, the means within the collaborative learning condition for the high
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cognitive load sequence (M = 2.30) and the low cognitive load (M = 2.15) reveal the
consistent pattern where high cognitive load is desirable for collaborative learners. There
was no main effect for instructional sequence, F(1, 145) = .25, p > .05, Cohen’s f = .04
(small), nor was there a significant interaction F(1, 145) = .09, p > .05, Cohen’s f = .03
(small). Figure 4.10 displays the main effect of learning condition on perceived
entertainment towards the instructional material presented.

Figure 4.10 – Results for Perceived Entertainment

Non-significant affective items
The two affective items that assessed interest of the second tutorial and eagerness
to continue using Aspire did not demonstrate differences between groups. Reportings of
interest failed to show any interpretable trend.
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CHAPTER 5

DISCUSSION

This chapter begins with a discussion of the limitations of the study before
moving to a summary of the study findings, a discussion that connects findings to the
existing literature, both practical and theoretical implications, and recommendations for
future research. The purpose of this study was twofold. One purpose was to determine
optimal levels of instructional cognitive load for retention of tutorial content and transfer
of computer networking skills for individual and collaborative learning environments.
The second purpose was to test empirically a theoretical model of collective learning with
multimedia. Specifically, this study explored how varying cognitive load affected
learning performance and learning perceptions for individuals working alone or in
groups.
However, few studies to date have successfully manipulated both learning
approaches and instructional strategies with learning technologies. Most of what is
known about the conditions that foster learning from technology-based environments is
based on individual approaches to learning. Ignoring the instructional strategies that are
used to design and deliver content ignores a major piece of what aids learning.
Understanding how these distinctions contribute to learning differences is important to
formulate tentative design principles. This chapter discusses the results from this study
and how they inform extant literature as well as the challenges of conducting a controlled
study with a collaborative component, using innovative technology and researcher-
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developed measures. However, it must be noted that any points of discussion must be
considered in light of study limitations, presented next.

Limitations
The first limitation that should also be noted is that the learning conditions in this
study, particularly the collaborative groups, are a limited reflection, an artificial
implementation, of learning environments as a result of the controlled laboratory nature
of the study. By nature, collaboration involves a social psychological dimension related
to the socio-emotional aspects of a group (Kreijns et al., 2003), including the
development of a sense of trust or community with group members. Those processes
typically require group members to interact with one another on several occasions before
achieving true collaboration. It seems reasonable to predict, then, that the complex
patterns of interactions between cognitive, motivational, and social factors found within a
real world classroom environment are not exactly duplicated by the conditions tested in
this study. In that sense, it is not clear to what extent the present results can be
generalized to a real learning environment, classroom or workplace, that involve
collaboration.
In this study, the type of communication and coordination that took place within
the collaborative groups was not recorded or analyzed beyond only four groups.
Therefore, it is not known what matters were discussed in all the groups, whether the
groups’ discourse were comprised of mostly content-related matters, whether off-task
matters were discussed and, if so, to what extent, or whether every group member
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participated in the communication and coordination equally. Exploring the relationship
between individual group members’ contributions and their performance scores would
offer another element of variability between treatments and add an interesting new
dimension to this study.
Additionally, although numerous measures were intended for use, the data loss
occurring from the Aspire contracts was unfortunate as additional support for the findings
may have arisen, or a different perspective on conclusions ma have been drawn.
Similarly, the reliability (KR-20) for each of the measures used in this study was below
the recommended .70. The loss of the contract data, in combination with the low
reliability for the measures used, provide further caution regarding the generalizability of
the findings.

Summary of Findings
This study examined how best to sequence multimedia instruction for individual
and collaborative learning. The instruction was a set of tutorials for preparing novice
students to use Aspire, a simulation-based game developed by Cisco that teaches
entrepreneurial and computer networking skills within the industry of information
technology. Regarding the game itself, this study examined whether manipulating the
presentation of tutorial content into a low or high cognitive load sequence would
differentially affect performance for learners who worked either individually or
collaboratively. Four measures of learning were used, each having a multiple-choice item
format: a 10-item test assessed retention of information from the first tutorial, a 6-item
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test assessed comprehension over the instructional content in its entirety, a 5-item test
assessed delayed transfer two days after completing the instructional sequence, and a 15item test served as a delayed comprehensive final measure. Very simply, the study
examined the effects of instructional cognitive load and learning condition on tutorial
retention and transfer. In what follows, a summary of results is presented first by research
question and then adding some of the findings from the supplementary analyses.
Research Question. Is there an interaction between instructional sequence (low cognitive
load vs. high cognitive load) and learning condition (individual vs. collaborative) on
dependent measures?
It was hypothesized that the effect of instructional sequence would vary across
learning condition, due to the processing demands imposed by the tutorial, resulting in a
disordinal interaction. Within the low load instructional sequence, the individual learning
condition was expected to outperform the collaborative learning condition. In contrast,
within the high load instructional sequence, the collaborative learning condition was
expected to outperform the individual learning condition. Results for this interaction
hypothesis were partially confirmed in that support depended on the measure or type of
task. Findings for each dependent variable are presented below followed by consideration
of their combined results.
Comprehension test. The instructional sequence by learning condition interaction
hypothesis was confirmed for performance on the comprehension test. For the low
cognitive load condition, performance was higher for individuals working alone
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compared to in groups. For the high cognitive load condition, collaborative learning was
more effective than individual learning.
Delayed transfer test. The instructional sequence by learning condition interaction
hypothesis was again confirmed for performance on the delayed transfer test completed
during the second lab session. However, when performance of students in the individual
and collaborative learning conditions were compared, within the high load or low load
conditions, no differences were found. To explore further the interaction effect,
performance of students in the low and high load sequences within each learning
condition were compared. For individual learners, performance was higher in the low
load instructional sequence compared to the high load instructional sequence. For
collaborative learners, however, performance did not differ between the two instructional
sequences.
Comprehensive test. No effects were found on the comprehensive test.
Taken together, results for two of the three dependent variables implied that the
type of test, retention or transfer, played a role in determining the best learning condition
for optimal learning outcomes. Due to the data loss for five of the twenty items on the
comprehensive measure, the measure was predominately comprised of retention items
covering instructional content. Thus, for delayed retention performance, the effects from
the cognitive load manipulation appeared to have diminished over time. The delayed
transfer performance, however, revealed that instructional sequence made no difference
for collaborative learning conditions. The instructional sequence did affect the individual
learning conditions in that the high load instruction hampered performance in comparison
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to the low load instruction. For individual learners who received the high load instruction,
their limited processing capacity may have made it difficult for them to process all the
information from the tutorials in the same way that learners in the low load condition
were able to do so. This may explain the observed interaction on the comprehension test
because it was a combination of transfer and retention items.
Although type of testing measure was not considered in the hypotheses, the
combined findings are consistent with the notions of individual and collective working
memory. Collaborative group members were able to collaborate with each other in a way
that the high cognitive load imposed by the instructional sequence was reduced. Due to
this reduction, collaborative group members were able to process the instructional content
across their collective working memory. This advantage was only evident on transfer
tasks but it was also only necessary for transfer. In contrast, individual learners were not
able to reduce the cognitive load imposed by the instructional sequence and thus had less
working memory capacity for processing the instructional content. Findings from the
supplemental analyses and qualitative data further supported results from the dependent
measures, and are discussed next.
Supplemental Analyses
Findings from these analyses were not intended to “stand alone” as they are based
on self-report but instead, were intended to assist in the interpretation of any findings
related to learning outcomes. The following section discusses results for these analyses in
light of the findings already presented.
Perceived cognitive load. Regarding perceived mental effort, participants within
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the individual condition reported greater levels of mental effort on the second contract
than the collaborative groups, indicating their reduced available cognitive resources for
attending to all task elements of the second contract. Because the second contract can be
considered as a transfer task, differences within the high cognitive load instructional
sequence on mental effort supports findings on the delayed transfer test. As the delayed
transfer performance showed, collaborative group members within the high load
instruction showed evidence of processing information across the group whereas the
individual learners could not.
Affective functioning. Although performance scores of the collaborative groups
did not differ, being presented with the low load instructional sequence seemed to have
lowered participants’ motivation to learn the instructional content. Freeing working
memory capacity by designing low load learning environments or having higher levels of
working memory capacity does not necessarily lead to individuals spending the available
resources in productive ways. Students need to become motivated to make full use of
their cognitive capacity during learning (Moreno, 2006). Motivational factors mediate
learning by increasing or decreasing the amount of cognitive resources invested in the
learning task at hand. For instance, a task that is too easy is likely to threaten motivation.
Working collaboratively on low-complexity tasks may even reverse collective working
memory advantages through unproductive use of cognitive resources for communication
and coordination.
Analysis of group discourse. Collaborative scaffolds were not used in the present
study because the groups’ natural discourse patterns were of interest. Although only four
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groups were recorded as they worked together, there seemed to be evidence that low
cognitive load instruction left little need for discussion. No performance differences were
found on follow-up measures between learning conditions that received the low cognitive
load conditions suggesting the shallow discussions recorded for the two groups
representing this may reflect the remaining groups that were not recorded. Use of
collaborative scaffolds may have hampered group members. Support for this prediction
was found in (Nihalani et al., 2011) in which use of scaffolds with collaborating novices
during the learning phase hampered individual-level performance during the test phase.
However, without process data from all groups this explanation faces interpretive
challenges.

Discussion of Findings
Theoretically, this study explored how different types of multimedia instruction
and interactive learning environments may affect different learning processes. First, the
theory of situated cognition states that optimal learning occurs within authentic contexts
or communities of practice (Brown et al., 1989; Lave & Wenger, 1991). For purposes of
this study, participatory environments and communities of practice were represented by
the groups who worked together to collaborate (Johnson, 2001). Thus, “situatedness” or
necessary knowledge was the capability to engage in social interaction reflective of
effective collaboration. In turn, models of collaboration have examined group
effectiveness through cognitive processing or performance that is focused solely at either
the individual level of analysis or the group level of analysis. Taken together, theories of
100

group learning have often overlooked the dynamic relationship between individual- and
group-level cognitive processing and performance. For example, collaborative models
that consider the group, as opposed to the individual learner, as the primary unit of
analysis fail to specify the conditions under which collaborative efforts are more effective
than individual efforts (Kirschner et al., 2009a). The assumption under which they
operate is that collaboration is simply advantageous.
The findings of this study refute this assumption; both individual-level and grouplevel performance varied across instructional sequence and this variance has important
implications for the learner. Research examining collaborative processes has not
examined processing that occurs during learning phases in relation to processing that
occurs during tasks (or test phases). Quantitative and qualitative data from the present
study are consistent with the notion that groups who received the high cognitive load
instruction made use of individual members’ processing capacities through sharing the
cognitive load imposed by the instructional content. Individual learners, in contrast, had
only the option of relying on themselves, and thus, they experienced extraneous
processing in the high load sequence, allowing them only to retain surface level
information from the tutorials.
The second theoretical framework used in this study is the cognitive-affective
theory of learning with media (CATML; Moreno, 2005). CATML expands the cognitive
theory of multimedia (Mayer, 2001; 2005) to media that are more complex, such as
Aspire, and that aim to develop more complex skills than media pertaining to the original
theory. The majority of investigations on computer-based learning environments function
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within the framework of cognitive load theory (CLT). However, CLT research studies
have been plagued by numerous methodological limitations such as lacking
psychometrically valid measures including, and of particular concern, measures of
cognitive capacity (de Jong, 2010). Fundamentally, CLT predicts that cognitive overload
will occur when the total amount of load induced by the learning environment exceeds
the cognitive capacity of the learner. Without measuring cognitive capacity, the
fundamental prediction of CLT cannot be tested (Moreno, 2010). Further, CLT does not
consider the interaction between cognitive load, affect, and motivation, which is
problematic when considering the relationship between these constructs and learning
(Pintrich & Schunk, 2002). Because students’ experience within a social environment is
strongly impacted by their affect, this construct was not ignored in this study. In contrast
to CLT, CATML assumes learners have ownership over their cognitive capacity whereas
their motivation determines the actual amount of cognitive resources they invest. Thus,
learning is influenced by the actual amount of cognitive resources spent, a notion that is
central to this study, rather than the maximum cognitive capacity (Moreno & Mayer,
2002). Nevertheless, measures for both frameworks were included to compare
interpretations that did, in fact, differ. From the perspective of CLT, a mismatched
learning environment that could be considered too difficult may cause a cognitive
overload implying a poor instructional design. From the perspective of CATML,
however, the same mismatch may not represent a weakness if students maintain a high
level of motivation throughout and perceive their experience as a positive one.
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Two learning environment manipulations (learning condition and instructional
sequence) were explored because their relationship was expected to illustrate better the
impact on learning outcomes. Thus, this study is unique in four ways.
First, there is no available literature regarding the dynamic relationship between
individual and group-level cognitive processing and performance within a technologyenhanced learning environment. This investigation is certainly timely given the
increasing dependence on computer-based learning environments that resemble Aspire as
well as the urgency to develop better collaborative skill sets in 21st century students.
Second, few studies have explored computer-supported face-to-face collaboration.
Each of these studies, however, included scripted conditions that are problematic in the
ways discussed in Chapter 2 (e.g., Dillenbourg, 1999; O’Donnell & Dansereau, 1992;
Reiserer et al., 2002). In contrast, this study allowed discourse to evolve naturally.
Third, although Moreno and colleagues have measured learning outcomes using
both retention and transfer tests, their transfer tests generally required participants to
write responses in short-answer form. In contrast this study included, as one of the
transfer measures, actual computer-networking skill application. Though much of the
data on this measure was lost, the potential trends shown through the intact data
supported the primary analyses. Similarly, although much of the collaborative learning
studies have included this form of transfer assessment at the group-level wherein group
members collaborate within the game, these studies have not included this form of
transfer measure at the individual level. Thus, this study is unique because it introduces a
transfer measure representing two lines of research.
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Fourth, this study empirically demonstrated the advantage CATML provides over
the predominant CLT for answering instructional design questions. CLT has not been
able to specify the characteristics of cognitive processing that promote “good” and “bad”
load; thus, by treating difficulty as an objective factor, CLT has been unable to predict
the learning outcomes from operating below, within, or above the learner’s ZPD (Stull &
Mayer, 2007). From this perspective, no explanation can be given as to why “small bites”
caused collaborative learners to perceive the second contract as more difficult than did
the individual learners. CATML maintains that students’ motivation determines the
actual amount of cognitive resources expended, and this is what affects learning, rather
than the maximum cognitive capacity. From this perspective, collaborative learners’
decreased motivation, in comparison to individuals may explain why learners may fail to
learn under two qualitatively different load conditions. The perceived value and cost of
engaging in the learning task and the personal interest of the learner affect the amount of
cognitive resources that students invest (Hidi & Renninger, 2006). Despite the fact that
these notions affect the management of limited cognitive resources during learning, CLT
does not currently give insights about the effects of learning conditions on learning
(Bannert, 2002). Thus, “despite the strong effect that affect and motivation have on
psychological and behavioral phenomena during learning, CLT remains ‘‘cold’’
(Moreno, 2010, p.138).
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Practical Implications

The results presented in this study hold implications for the design of
collaborative learning environments, such as those making use of problem-based or
project-based learning. Bereiter suggested that “the main weakness of situated cognition
is, it seems, precisely its situatedness” (1997, p.286). If students are not given multiple
opportunities for engaging in effective collaboration across subjects and media most
prevalent in life beyond formal education, then a single exemplar opportunity has little
chance of developing skills necessary for effective collaboration. Similarly, classroom
interactions with technology-enhanced pedagogy often find new opportunities and
challenges for instruction. Organizing classroom activities around digital games
represents an important intersection. Many digital games inherently support collaborative
environments through their complex artifacts that embody multiple representations giving
them a clear advantage for developing collaborative skills. To this end, the use of Aspire
in this dissertation demonstrated the potential for engaging students in collaborative and
individual learning activities.
By examining the design interface as well as the theoretical underpinnings for
facilitating face-to-face social interactions, designers can explore new opportunities that
are supportive of 21st century educational objectives. The literature in the area of gamebased simulations is relatively new and, for educational purposes, is lacking. Prioritizing
educational objectives has not been a major concern of the gaming industry and those
developed within the educational industry have generally been unsuccessful (Gee, 2003).
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Rather than maintaining attempts to develop games within the educational industry, it
may be worthwhile to explore a call to action on the gaming industry to fund the creation
of educational games. This study suggests potential methods for designing more effective
collaborative learning environments leveraged on a digital game. By further exploring
partnerships between game designers and instructional designers, perhaps games
designed with built-in instructional sequence program capabilities can be explored.
This study suggests innovative instructional methods for supporting students’
learning processes. Specifically, these findings emphasize the instructional design
process in effective collaborative learning environments. Instructional designers and
educators need to take into account both the design of the instructional content as well as
the tasks in considering the most appropriate learning condition. This research contributes
to instructional designers’ efforts in this area by identifying design elements that
seemingly foster collaboration in technology-enhanced learning environments.
For educational practice, it is important to know why and when collaborative
learning will be superior to individual learning. This study suggests that the complexity
of the task should be a determining factor when deciding whether to employ a learning
model or environment which is based upon an individual or a collaborative learning
paradigm. The higher the complexity of the learning tasks, the more likely it is that
collaborative learning will lead to better learning outcomes than individual learning. For
collaborative groups then, tasks provided in these learning environments should be
complex enough that individual learners are unable to successfully complete the task on
their own.
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Future Research
In this study, the type of communication and coordination that took place within
the groups was not recorded or analyzed beyond the four groups. It could be possible that
the group discussions was such that it facilitated learning instead of hampered it.
Carrying out such an analysis would add a useful and interesting new dimension to this
study and would be interesting to analyze in further studies.
Another interesting topic for further research is determining how to measure a
group’s cognitive processing. Group load could be considered as the average of the
individual mental effort scores or group load could be considered as the sum of the
individual scores. In the latter, group cognitive load will be higher than an individual’s
cognitive load and a scale would need to be developed to determine what a relatively
high and low group cognitive load is and how this could be compared to an individual
cognitive
Finally, from this perspective it is important that future research investigates the
level of instruction or task complexity at which it becomes advantageous to assign tasks
to groups rather than individuals. In such research, the relationship between task
complexity, learner characteristics (e.g., prior knowledge) and group characteristics (e.g.,
group size) for the effectiveness of collaborative learning environments could be
determined.
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APPENDICES
APPENDIX A. APPROVDED IRB
Research Proposal
I. Title
Multimedia Instruction for Individual and Collaborative Interactive Learning Environments: A
Cognitive Load Approach
II. Investigators (co-investigators)
Priya K. Nihalani (Educational Psychology, College of Education)
Daniel H. Robinson (Educational Psychology, College of Education)
III. Hypothesis, Research Questions, or Goals of the Project
The goal of this study is to inform educational theory and practice by identifying factors that
optimize individual and collaborative performance in complex learning environments, such as
simulation-based games. This study specifically seeks to determine how individual and
collaborative cognitive processing impacts the effectiveness of a simulation-based game
developed by Cisco called Aspire, which applies and assesses entrepreneurial and decisionmaking skills within the industry of information technology.
Researchers and educators are often unable to measure directly the effects of collaborative
environments because of the tendency to concentrate on variables that are external to the
collaborative process itself, such as “optimal” group size or communication mode (e.g., Johnson,
Johnson, & Stanne, 2000; Webb & Palincsar, 1996). Such approaches do not address whether
collaboration was necessary and under which conditions collaboration is most effective in
complex learning environments. One framework that allows for concentrating on variables that
are central to individual learning outcomes is the cognitive-affective theory of learning with
media (CATLM; Moreno, 2005). CATLM has been applied during instructional design to
facilitate learner motivation and essential cognitive processing as a function of the learning
environment, task, and student (Moreno & Valdez, 2005). However, CATLM has not been
applied to collaborative groups.

Thus, this study applies CATLM to Aspire and specifically focuses on the following overarching
research question: in terms of cognitive load, what are the optimal conditions for individual
learning and collaborative learning? The proposed study will employ a randomized and
controlled between-subjects design that examines instruction and assessment with Aspire across
two levels of instructional sequence (high vs. low cognitive load) and two levels of the learning
condition (individual vs. collaborative). The high load condition reduces the amount of time the
user has to process instructional content by sequencing the first and second Aspire tutorials backto-back while the low load condition increases processing time by including a tutorial retention
test after the first tutorial. Measures of learning outcomes will be developed using Evidence
Centered Design (ECD), a formal, multi-layered approach for designing educational assessments
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(Mislevy, Steinberg, & Almond, 2003). Cognitive processing will be assessed using quantitative
and qualitative measures from CATLM (de Jong, 2010; Mayer & Moreno, 2003). A sample of
300 participants will be requested from the Educational Psychology subject pool.
Based on existing literature, a significant disordinal interaction is predicted between instructional
sequence and learning condition (Kirschner, Pass, & Kirschner, 2008; Kirschner, Pass, &
Kirschner, 2009). Tests of simple effects are expected to show a significant effect of learning
condition (individual vs. collaborative) within both the high load and low load conditions. Within
the high load condition, mean performance scores within the collaborative condition are expected
to be greater than those within the individual condition. Within the low load condition, mean
performance scores within the individual condition are expected to be greater than those in the
collaborative condition.

IV. Background and Significance:
A key criticism of education today is that students are unable to demonstrate skills needed for
today’s economy (Scardamalia, Bransford, Kozma, & Quellmalz, 2010). 21st century education
should prepare students for a society in which progress is increasingly contingent on teams that,
opposed to individuals, often collaborate, and communicate through digital technologies (O’Neil
& Chuang, 2008). The emphasis on collaborative skills results from an economy transformed
into one that is globalized and supported by an organizational structure characterized by
decentralized decision-making, widely shared information, and project teams. Further, as
computing power of technology continues to expand, the types of work done by people
increasingly require the complex mental processes described by leading economists Levy and
Murnane (2004). It is hardly surprising, then, that organizations are conveying their needs to
educational institutions (Scardamalia et al.). Such shifts are the rationale for making an
individual’s workforce success contingent upon proficiency in collaboration.
Collaborative learning models are based on the premise that learning is best achieved through
shared efforts to do so in comparison with more traditional approaches in which learning takes
place as an individual activity (Slavin, 1996). However, existing applications have failed to
address under which conditions collaboration is most effective in learning environments as well
as how to design learning environments to appropriately reflect the world of work. Given recent
research, collaboration may not be more effective over individual learning when a mismatch
exists between group-level instruction or tasks and the processing capacity of the group (Nihalani,
Mayrath, & Robinson, 2011; Moreno, 2009).
Based on information processing approaches, cognitive load theory (CLT) has traditionally been
concerned with individual learning from complex cognitive activities (Sweller, van Merriënboer,
& Paas, 1998). CLT uses an information processing model of learning which states that human
working memory has a limited capacity that allows only a few pieces of information to be
processed at one time (Baddeley, 1986). Within the triarchic perspective, cognitive load is
comprised of three types: intrinsic cognitive load describes the inherent cognitive resource caused
by the natural complexity of learning; germane cognitive load is the use of relevant cognitive
resources resulting from meaningful investment in schema construction; and, extraneous
cognitive load is the irrelevant cognitive load caused by the instruction that takes the learner’s
attention away from the schema construction process (Sweller & Chandler, 1994; van
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Merriënboer & Sweller, 2005). CLT is applicable for instructional design because it emphasizes
cognitive resource limitations and provides guidelines to avoid overloading an individual student
with extraneous graphics or sounds. The present study seeks to apply this notion to collaborative
groups.
A recent application of cognitive load by Kirschner and colleagues (2008; 2009) considers groups
processing capacity to predict when collaboration facilitates outcomes compared to working
alone. It may be that collaborative groups experience a distribution advantage where task
elements are divided across group member’s working memories making the group more able to
manage highly complex tasks than individuals working alone. Therefore, the more complex the
task, the more effective it will be for individuals to collaborate. However, if complexity of
instruction or assessment tasks can be increased to take advantage of groups’ expanded
processing capacity, can the same tasks be restructured for individuals so that a similar quality of
content knowledge be attained? The present study seeks to investigate this question.
This research will increase understanding of how multimedia instruction can be designed to
facilitate both individual and collaborative learning when using a simulation-based game under
varying conditions of cognitive load. This impacts how designers of simulations create effective
learning tools. Additionally, this study builds a more complete cognitive load framework by
considering learner motivation and essential cognitive processing as a function of the learning
environment, task, and student.
V. Research Method, Design, and Proposed Statistical Analysis:
This study will use a between-subjects design to analyze differences in performance with Aspire
across 2 levels of instructional sequence (high vs. low cognitive load) and 2 levels of the learning
condition (individual vs. collaborative) in two laboratory sessions. The high load condition
reduces the amount of time the user has to process instruction by sequencing the first and second
Aspire tutorials back-to-back while the low load condition increases processing time by including
a tutorial retention test after the first tutorial.

Contingent on the lab session participants sign up for, they will be assigned to complete the
experimental instruction individually or in a collaborative group. When signing up, participants
will sign up for a paired session, Day 1 and Day 2. Within the individual or collaborative lab
sessions, participants will be randomly assigned to receive one of the two instructional sequences
that will already be setup at each computer.
Materials
The materials will include both pre- and post-test questionnaires and measures. Pre-measures will
include a demographics survey, a pre-test of computer networking knowledge, and a collaborative
learning survey to assess participants’ perceptions of group work. Post-measures administered on
Days 1 and 2 will assess retention and transfer of the experimental instruction. The postquestionnaire will also include a survey on Satisfaction & Engagement with the learning
environment as well as the same collaborative learning survey administered on Day 1.
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Procedure
Participants will be randomly assigned to computers in a Learning Technology Center computer
lab. At each computer will be the consent forms. After giving informed consent, participants will
begin by inputting a number give to them upon arrival into Survey Monkey, which will be used to
collect the data. Students will then begin by completing the pre-test measures. Next, participants
will start the online module, which will take either 10 or 20 minutes depending on their condition.
After the lesson students will complete the post-test and questionnaires, which will take
approximately 30 minutes. During the second visit, participants will complete a post-test measure
only, which will take no more than 30 minutes. During the first lab visit, 5 groups will be chosen
at random to audio tape their discussion.
Participants will never provide personal information. Their data will be based on the number they
were given upon arriving at the lab. Additionally, their data will only be accessible through the
Primary Investigator’s Survey Monkey account.
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VI. Human Subject Interactions
A. Sources of potential participants.
The participants will be 300 undergraduate students from the Educational
Psychology subject pool at the University of Texas at Austin. Participation will
be open to all subject pool students in the approximate age range of 18–22 who
speak English as their first language. I have no known previous relationship with
any of the participants recruited. The subject pool committee will assign the
participants to me.
B. Procedures for the recruitment of the participants.
Students will be requested from the subject pool. Once the subject pool
committee assigns subject to my study, the committee informs my subjects of
their assignment. I will email all subjects through the subject pool website to
inform them that the study is comprised of two sessions (Day 1 and Day 2).
Contingent on the lab session participants sign up for, they will be assigned to
complete the experimental instruction individually or in a collaborative group.
Because of the nature of collaborative learning, I will not tell them in advance
that the session they sign up for will determine which experimental condition
they will be placed in the effort to avoid friends signing up to complete the
collaborative sessions together. Within the individual or collaborative lab
sessions, participants will be randomly assigned to receive one of the two
instructional sequences that will already be setup at each computer.
C. Procedure for obtaining informed consent.
When the participants enter the lab, I will randomly assign them to a computer.
Once all participants have arrived, I will distribute two copies of the consent
form to them, and give each student ample time to read through the consent form
by asking them to look up when they have finished. I will then explain the study
details in that I am looking at how to design instruction for a game for students
working individually as well as students working collaboratively. I will explain
the details of the study in that based on the current session they will be doing one
or the other. I will also give details of Day 2. I will then explicitly describe the
procedure of the current lab session including the fact that, if in the collaborative
sessions, they may be randomly selected to have their conversations recorded.
After this, I will ask them if they have any questions or concerns and will address
any that are put forth. I will then tell them that if they are ready to move forward,
they need to sign and date both copies of the consent form, one copy is for my
records and the other for their own record. I will then go around the room to sign
both copies of each participant’s consent forms and will collect one copy of each
from each participant.
D. Research Protocol.
Participants will be randomly assigned to computers in a Learning Technology
Center computer lab. At each computer will be the consent forms. After giving
informed consent, participants will begin by inputting a number give to them
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upon arrival into Survey Monkey, which will be used to collect the data. Students
will then begin by completing the pre-test and questionnaires. Next, participants
will start the online module, which will take either 10 or 20 minutes depending
on their condition. After the lesson students will complete the post-test and
questionnaires, which will take approximately 30 minutes. During the second
visit, participants will complete a post-test measure only, which will take no
more than 30 minutes.
◊ Day 1 Collaborative condition
Measure 1: Demographics questionnaire (completed individually)
Measure 2: Collaborative learning survey (completed individually)
Measure 3: Pretest of computer networking knowledge (completed individually)
Instructional sequence occurs here
Measure 4: Posttest of computer networking knowledge (completed as a
collaborative group)
Measure 5: Affective learning scale (completed individually)
Measure 6: Cognitive load items (completed individually)
◊ Day 2 Collaborative condition
Measure 8: Post demographics questionnaire (completed individually)
Measure 9: Collaborative learning survey posttest (completed individually)
Measure 10: Same posttest as Day 1 (completed individually)
◊◊ Day 1 Individual condition
Measure 1: Demographics questionnaire (completed individually)
Measure 2: Collaborative learning survey (completed individually)
Measure 3: Pretest of computer networking knowledge (completed individually)
Instructional sequence occurs here
Measure 4: Posttest of computer networking knowledge (completed individually)
Measure 5: Affective learning scale (completed individually)
Measure 6: Cognitive load items (completed individually)
◊◊ Day 2 Individual condition
Measure 8: Post demographics questionnaire (completed individually)
Measure 9: Collaborative learning survey posttest (completed individually)
Measure 10: Same posttest as Day 1 (completed individually)

Five groups of students will be chosen at random to have their conversations
audio taped. Each group will contain 3 students. Each computer in the computer
lab has lab number beginning at computer 1 and ending at computer 30. I will
have these numbers entered into SPSS (a statistical analysis program) and will
simply ask the computer to choose a single number at random. The student sitting
at that particular computer, along with the student’s group members) will be
recorded. If the number chosen refers to a student who has requested they not be
recorded, I will choose again. The recording device is unable to pick up sound
farther than 8 inches to a foot and thus, will not be able to inadvertently record
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other students.
Participants will never provide personal information. Their data will come from the
number they were given arriving at the lab. Additionally, their data will only be
accessible through the Primary Investigator’s Survey Monkey account.
Data will be collected in a Learning Technology Center computer lab.
Subjects’ participation credit will be entered on Day 1 from their consent forms. On Day
2, they will be asked to sign a sign-in sheet on their way out of the lab.
E. Procedure for protecting the privacy and confidentiality of participants.
Names of students or any other identifying information will not be retained in the
study measures. Participants will only input a number given to them at the door
into the system. Upon doing so, they can choose to skip questions in the study
measures. They can also request the audio not occur or ask that the audio
recording be stopped. This number will be used to track which session the
participant was in. Participants will be asked to enter the same number on Day 2
that they were given on Day 1. Before leaving the session on Day 2, participants
will sign a sign-in sheet from which I will be able to award them participation
credit. Participants’ data will be shared in the quantitative measures only
excluding the recordings. For the students who are being recorded, I will
transcribe their recordings and securely delete those files when complete
(approximately 48 hours after the files were created). Select sections of the
transcripts will be used to support the numerical data if appropriate or select
sections of the transcripts will be used to question the numerical data if
appropriate. I will inform students of this at the start of the session so that they
can choose to opt of being recorded.
F. Procedures used to maintain confidentiality of the research data.
Data will be stored and maintained on my computer through which I am the only
person who has access. My computer is password protected and, the encrypted
files containing the data will also be password protected. When I am collecting
the data in Survey Monkey, participants will not be asked to submit their name
and thus such identifying information will not be available. Data will
nevertheless be encrypted when stored according to the College of Education
recommendations. Participants’ recordings will be transcribed within 48 hours of
collection; by me. At no point will another individual have any access to the
recordings. Once complete, I will delete the recordings using Eraser as
recommended by the College of Education. The transcriptions will then be
encrypted as well. Student names will not be linked when obtaining the
recordings and therefore will not be included in the transcripts. The survey data
in the form of student responses will be removed from the survey website
immediately, the same day, after the data collection session. I will keep the data
and transcripts securely stored and encrypted for one year after I submit my
dissertation to the Graduate School in the unforeseen event that any details in my
document are brought into question. Thus, in May 2012 I will securely delete the
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files using Eraser.
G. Students consent forms and the sign-in sheets from Day 2 will be the only form
of hardcopy materials in this study. These materials will be securely locked in my
home research office filing cabinet. The sign-in sheets will be shredded as soon
as all participants have completed Day 2 and all subjects are credited for
participation. Student data will be encrypted on my computer separate from their
consent forms, which will be securely locked in my filing cabinet. The data will
not be able to be linked with the consent forms. I will keep the consent forms for
3 years following study closure, after which time they will be securely shredded.
H. Description of research resources.
The resources need to conduct this study are low. Approximately 20 data
collection sessions total will be administered using a computer lab in the
Learning Technology Center. No lab staff will be needed. I will be the only
researcher involved in the data collection and have completed the required
human participants training.
VII.
Human Subject Interactions: Potential risks.
Participation in this study involves risks that are considered minimal and no greater than everyday
life. There is a potential for loss of confidentiality, however the Investigator will implement
measures to address this potential risk.

VIII. Human Subject Interactions: Potential benefits.
Results of this study will further our understanding of how simulations can be designed and used
to assess learning. There are no direct benefits for participants in the study; however, the findings
could help increase our ability to utilize technology for engaged and active learning.

IX. Sites or agencies involved in the research project.
No sites or agencies are involved in this project besides The University of Texas at Austin.
X. Review by another IRB.
No other IRB is involved in this project.
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APPENDIX B. PARTICIPANT ASSIGNMENT LETTER
Dear Committee Members,
Attached are my recruitment requests for four studies: study ID 123, 124, 125, and 126.
However, these requests are meant for a single study I will be running. My study will
need to consist of 4 groups. Within each group, each participant will have to complete 2
parts (2 laboratory sessions with me in a computer lab such as LTC 439B). For purposes
of my study I have to keep the groups separate to avoid confounding variables.
The subject pool website only allows for a researcher to use groups OR parts when
designing their participant requirements. Because I need both, after speaking with Diane
and Julian, we thought this may be the best way to deal with the situation.
However, I still need to deal with sampling issues so, I have an additional request that I
would be happy to help complete (i.e., help Summer during this). Rather than treat these
four requests as four separate studies with regards to participant assignment, I’m
requesting your help in my sampling. Essentially, I request that the four samples be
pooled, ordered alphabetically, and then placed in the four studies in order of where they
appear alphabetically. First instance, person 1 on the list is assigned to study ID 123,
person 2 on the list is assigned to study ID 124, person 3 on the list is assigned to study
125…and so on. This would greatly improve the reliability of my study.
Please let me know if I can help in this matter. Diane can also answer any questions
regarding this issue as she has helped me sort out the best approach to resolve it.
Thank you so, so much for your time on this.
Best, Priya
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APPENDIX C – PRETEST OF COMPUTER NETWORKING KNOWLEDGE
1. In terms of Internet access at home, what is the difference between cable and DSL?
a. DSL uses a coaxial cable, whereas cable uses a phone cable.
b. DSL uses a phone cable, whereas cable uses a coaxial cable.
c. DSL uses a coaxial cable, whereas cable uses a satellite.
d. DSL uses a satellite, whereas cable uses a phone cable.
2. What does WAN stand for?
a. Wireless Access Network
b. Wireless Area Network
c. Wide Access Network
d. Wide Area Network
3. Which of the following is not a characteristic of using a LAN?
a. LANs do not need leased telecommunication lines
b. LANs cost less than other types of networks
c. LANs have a small geographic range
d. LANs have high data-transfer rates
4. What does PDU stands for?
a. Protocol Digital User
b. Protocol Digital Unit
c. Protocol Data Unit
d. Protocol Data User
5. When configuring a server for a network, which of the following steps does not need to
be completed?
a. Set the server’s name
b. Set the DNS server
c. Set the ARP tables
d. Set the IP address
6. Which of the following is best defined as a group of interconnected computers that are
under the same administrative control?
a. WLAN
b. WAN
c. LAN
d. PAN
7. What does DSL stand for?
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a. Digital Subscriber Line
b. Digital Symmetric Line
c. Data Subscriber Line
d. Data Symmetric Line
8. Which of the following is NOT a device used for a network?
a. modulator
b. router
c. switch
d. hub
9. A simple connection between a PC and a Server would be considered a
a. Logical Access Network
b. Logical Area Network
c. Local Access Network
d. Local Area Network
10. How is a PDU related to a ping?
a. A ping deletes a PDU between a PC and a Server.
b. A ping sends a PDU between a PC and a Server.
c. A PDU deletes a ping between a PC and a Server.
d. A PDU sends a ping between a PC and a Server.

119

Appendix D – Collaborative learning survey (administered pre and post)
Directions: The following survey aims to assess your experiences with collaborative
learning or group work in school. Collaborative learning or group work is referring to
formal group work where, for example, an instructor formed the groups and assigned
tasks or assignments to complete.
Based on your experiences with collaboration within the classroom, please rate how
strongly you agree or disagree with the following statements using the following scale:
1
Strongly
disagree

2
Disagree

3
Undecided

4
Agree

5
Strongly agree

Items 1–4 assess experiences of group work.
1. My experiences of formal peer collaboration have been positive.
2. Generally, the groups work well.
3. I did not enjoy collaborating with peers on assignments.
4. I prefer courses that do not have a collaborative (or group work) component.
Items 4–10 assess group processes.
5. When collaborating with peers I often assume a leadership role.
6. When collaborating with peers I generally find myself doing most the work.
7. Working in collaborative groups requires less work of myself.
8. Problems often arise when doing collaborative group work.
9. When problems arise in groups that I am part of, they are solved by the group.
10. I tend to have a difficult time communicating with my group members.
Items 11–13 assess outcomes of peer collaboration.
11. I feel that I achieve better outcomes working alone than working with peers.
12. Marks awarded at the group level have generally been fair.
13. I develop a deeper understanding of content as a result of working with peers.
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Items 14–17 assess competencies gained.
14. I learned to communicate with my group members.
15. I learned to manage tasks effectively.
16. I learned to share responsibility.
17. I learned to solve complex problems.

121

Appendix E – Affective learning scale
This scale is intended to measure motivation and interest. These items are adapted from
Moreno, 2007 and Moreno and Mayer (2000; 2005).
1. How interesting was the tutorial you just viewed?
1
Boring

2

3

4

5
Very
interesting

2. How entertaining was it to learn about this material?
1
Tiresome

2

3

4

5
Very
entertaining

3. How motivated were you to learn about this material?
1
Not
motivating

2

3

4

5
Very
motivating

4. If you had a chance to learn more about skills you get to practice by using Aspire, how
eager would you be to do so?
1
Not eager

2

3

4

5
Very eager

5. How helpful was Aspire for learning about the material you were presented with?
1
Not helpful

2

3

4

5
Very helpful
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Appendix F – Cognitive load items
This scale is intended to measure mental effort. These items are adapted from Moreno
and Mayer (2000; 2005).
1. Please rate your level of mental effort during Aspire tutorial (one; two).
1
Extremely
low mental
effort

2

3

4

5
Extremely
high mental
effort

2. Please rate your level of mental effort while completing contract (one; two; three).
1
Extremely
low mental
effort

2

3

4

5
Extremely
high mental
effort

This scale is intended to measure perceived difficulty. These items are adapted from
Mayrath et al. (2010) and Moreno and Mayer (2000; 2005).
1. Please indicate how difficult contract (one; two; three) was by using the rating scale
below.
1
Extremely
easy

2

3

4

5
Extremely
difficult

2. Please rate the how difficult it was to remember information from the tutorial while
completing the contract.
1
Extremely
easy

2

3

4

5
Extremely
difficult
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