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ABSTRACT

The task-centered instructional strategy (Mer2llD9) was designed specifically for
the purpose of teaching complex problem-solvingssknd emphasizes teaching in the
context of a concrete real world task. Neverthelesike other problem-centered
instructional methods (e.g., constructivism) thektaentered instructional strategy is a type
of direct instruction that is in the context of laentic, real-world tasks. Unlike traditional
part-task instructional strategies (e.g., Gagnég8),9vhich assume that any task can be
broken down into a collection of instructional atijees that need to be mastered, the task-
centered instructional strategy is content-centemedning the content-to-be-learned and not
the objectives are specified first. Specificallygragression of complete tasks with increasing

complexity is specified and serves as the backlbnestruction.

The purposes of the current study were to (a)stigate whether and why a task-
centered approach might be superior to a topicecedtapproach for problem solving, (b)
attempt to reveal emotional and cognitive procebséind complex learning in the domain
of technological skills, and (c) provide recommeiates for effective training methods while
considering individual differences. Rooted in Barads (1986) Social Cognitive Theory in
which the effects of the environment on human beinaare assumed to be mediated by
cognitions with a continuous reciprocal interactimnthe current model two reciprocal
interactions are assumed to be in the heart ofdastered instructions. These interactions
that can be viewed as two positive feedback lonplside performance-motivation loop and
performance-cognition loop. In the performance-waiton loop, the progression of tasks
from easy to difficult increases the likelihoodsofccessful completion leading to an increase
in self-efficacy, which in turn should influencerfemance further (e.g., Bouffard-
Bouchard, 1990). In the performance-cognitive laghentic-tasks, which characterize
task-centered instructions, can help the learnestcact schemata, which may reduce
working memory and lead to better performance, tvimcturn may further increase
schemata construction. Thus, it was expected &élstdentered instruction would result in

better performance as a result of motivational @ghitive considerations.

To achieve the study purposes, two computer-biasedictional strategies for
teaching Flash were employed. In task-centeredcondition, the learners were first

presented with three tasks with increased levdifGtulty. Each of the three tasks included
X



all the elements of the whole-task, thus, in steg, édor example, the learners learned the
basics of timeline, texts, and buttons. In tiygic-centeredcondition, on the other hand, no
task was presented to the learners up front. Idstdgectives were presented to the learners
at the beginning of each topic section. Thus, entdpic-centered condition, each of the three
steps referred to only one of the topics. Ovesalty five students from a large southeastern

university in the United States were randomly assigto one of the two conditions.

The results revealed that participants in the-taskered condition performed
significantly better on part 3 of the module, oa Hkill-development test, and on the near and
far process development tests than participarttseitopic-centered condition. In addition,
participants in the task centered condition regbsignificantly higher cognitive load on
parts 1 and 2 of the module and significantly loaegnitive load on part 3 of the module
than participants in the topic-centered conditiothwinatching differences in completion
time. Regarding attitudes, consistent with the liyesis, participants in the task-centered
condition reported significantly lower computer &ty after the module than participants in
the topic-centered condition. In contrary to thediyesis, there was no significant difference
in computer self-efficacy between the conditionsvéttheless, participants in the task-
centered condition reported significantly highenfadence on part 3 of the module than
participants in the topic-centered condition. ldliidn, as expected, participants in the task-
centered condition indicated significantly highevdl of relevance, and significantly higher
level of confidence. Last, self-efficacy was founde a significant partial mediator of the
effect of instructional strategy on skill-developmeerformance, and near and far transfer

process-development performance.

Overall, findings of this study suggest using td&k-centered instructional strategy
(Merrill, 2007b) for the purpose of teaching comyppeoblem-solving skills with far-transfer
needs and support the proposed theoretical modsk-Gentered instructional strategy
resulted in better performance while completingrtteglule, which led to an increase in self-
efficacy, which then led to better performance lom post-test. The superior performance on
the post-test was also likely a result of cogniteasiderations including advanced schemata
construction in the task-centered condition. Theotetical model can be used to further

investigate the cognitive and motivational factibrat are in the heart of complex learning.

Xi



CHAPTER |: INTRODUCTION

CHAPTER |: INTRODUCTION

Context of Problem

One of the characteristics of the information msgihe incredible speed in which new
technologies replace older ones, requiring indiglduo transfer their skills to new settings
and learn new technologies on a regular basis. ExBviduals who were not trained in a
technological profession such as computer scieacé®ngineering are expected to acquire
complex technological skills. This reality raisae heed for an effective training method that
addresses not only the specific complex skill omdhaut also promotes transfer of the skill to
newer technologies. Unfortunately, when it cometetbhinology, many people hold low self-
efficacy beliefs and suffer from computer anxighese are a major reason for technology
avoidance and low performance (e.g., Brosnan, 188&nolly, Murphy, & Moore, 2009;
Meier, 1985; Wilfong, 2004).

Effective technology and computer skills trainstgpuld therefore meet the demands
of teaching transferable complex problem-solvingsiwhile taking into consideration that
the target population may have low self-efficaclidie and high computer anxiety. What
should characterize high quality instruction intsgettings? According to Mayer (1998)
effective instructions for problem solving shouliteess three components. These
components according to Mayer are skill, metasaiil will.

First, derived from research on problem solvingegtise (Chi, Glaser, & Farr, 1988;
Ericsson & Smith, 1991) is the crucial role of domspecific knowledge, or in other words
the problem solverskill. An instructional implication of the skill-basetew according to
Mayer (1998, p. 50) is that “students should ldaasic problem-solving skills in isolation”.
Nevertheless, in order to promote non-routine mwb$olving, it may not be enough to
master each component skill separately. As stagdddyer (Mayer, 1998, p. 50): “Students
need to know not only what to do, but also wheddat”. Therefore, a second component is
the ability to control and monitor cognitive proses, or the problem solver’'s metaskill. The
instructional implication of the metaskill approamtcording to Mayer (1998) is that students

need practice in solving problems in context, usegjistic problem-solving settings.
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Furthermore, according to Mayer (1998, p. 50)f68us solely on teaching problem
solving skill and metaskill is incomplete, becaiisgnores the problem solver’s feelings and
interest in the problem.” Therefore, a third prerisde for successful problem solving is the
problem solver'sill, which includes motivation based on interest,-efitacy, and
attributions. In summary, according to Mayer problsolving skill and metaskill are best
learned within personally meaningful contexts wheeeproblem solvers’ motivational needs

are addressed and emotional support is provided.

The importance of using real-world authentic taslspecially in the context of
complex cognitive learning, is emphasized in re@estructional strategies (Jonassen, 1999;
Merrill, 2002a; van Merrienboer, 1997). First, tee of authentic and relevant problems is
very likely to provide for an interesting learniegvironment and increase motivation. In
addition, authentic tasks, which integrate diffédemowledge, skills, and attitudes, can
facilitate the process of not only learning varigigls but also integrating and coordinating
the different component for effective task perfonte Specifically, authentic tasks can help
the learner to construct a schemata (van Merriankdweller, 2005). A schemata or
schema is “a data structure for representing themgeconcepts stored in memory”
(Rumelhart, 1980, p. 34).

A dominant educational approach that advocatessheof authentic tasks is
constructivism. Constructivist educational appraacthat focus on authentic tasks include
the case-based method (e.g., Williams, 1992), profdased learning (Hmelo-Silver, 2004),
open-ended learning environment (OELE) (Hannafial),HL.and, & Hill, 1994), goal-based
scenario (GBS) (Schank, Berman, & MacPerson, 13@@itive apprenticeship learning
(A. Collins, Brown, & Newman, 1989) and collabovatiproblem solving (Nelson, 1999).
Jonassen (1999) presented a generic model forrdegigonstructivist learning environments
(CLE), with the following essential componentsPtdblem/project, 2) Related cases, 3)
Information, 4) Cognitive tools, 5) Conversationfi@borative tools, and 6)

Social/Contextual support.

The main risk of such approaches is that the &armay be faced with extremely high
levels of cognitive load when trying to solve arthentic real-world complex problem.
According to Cognitive Load Theory (CLT) working mery is limited and can store about 7
elements (x£2) yet can operate on just two to féementsintrinsic cognitive load refers to

the working memory load caused by the intrinsiairebf the tasks whereasgtraneous
2
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cognitive load refers to the working memory loadsed by the way in which the tasks are
presented (van Merrienboer & Sweller, 2005). AHartdistinction can be made between

extraneous cognitive load agdrmanecognitive load. While extraneous cognitive load is
result of poorly designed instruction and is naticezl, germane cognitive load reflects the

mental effort invested directly in learning (Swellean Merrienboer, & Paas, 1998).

Based on the assumption that extraneous cogtai@ckis not necessary for learning,
various strategies for reducing cognitive load himeeised on different ways to reduce the
extraneous cognitive load of instruction. Thesatstgies include, for example, the
completion problem effect, the modality effect, thherked example effect, the redundancy
effect , and the split attention effect (Mayer & iMoo, 2003). Nevertheless, such methods to
decrease extraneous cognitive load may not becgrifiin the case of real-world complex
problem where the intrinsic cognitive load may e high for novice learners. It was found
that using highly complex learning tasks from tlegibhning has negative effects on learning,
performance, and motivation (Sweller, van Merrieath@& Paas, 1998). On the other hand,
an authentic task can help the learner constringirsata not only of all the components of
the tasks but also of the way the different comptseelate to each other. From CLT
perspective, in addition to helping organize amdesknowledge, schemata are an effective
mechanism for reducing working memory load as ahema will be considered as only one
element in working memory regardless of its comiyefvan Merrienboer & Sweller, 2005).

The high intrinsic cognitive load that is assoeibatvith real-world tasks led to the
development of other instructional approachesaimatto reduce the intrinsic cognitive load
of the task. Instructional theories developed a1B60s and 1970s typically advocate the use
of part-task approaches to prevent overloadindgetners with complex problems at an
early stage (Reigeluth, 1983; van Merrienboer, ¢firer, & Kester, 2003). Thus, intrinsic
cognitive load of the materials should be reducgdliminating the interactions between the
information elements until the learners mastettaiseparate elemenBart-taskapproaches
separate the different components of the compkEkxdad teach them separately usually by
topics. A recurring theme of these instructionglraaches is the notion that any task can be
broken down into a collection of “instructional ebfives”. By mastering each objective the
student should be able to complete the larger task.

Likewise, according to Gagne’s (1988arning hierarchya set of component skills

must be learned before the complex skill that idekithese set of component skills can be
3
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learned. Although sometimes the learners are dgivemmpportunity to put together several of
the steps during the course of the program, onlgnithe learners reach the end of the
instructional unit, do they get the opportunityptactice the whole task. Even though this
strategy can be beneficial (Pollock, Chandler, &8ev, 2002) it was found that part-task
approaches do not work well for complex performartbat requires integration of skills,
knowledge, and attitudes (Goettl & Shute, 1996 kReDetweiler, 2000; van Merrienboer,
1997; van Merrienboer, Kirschner, & Kester, 2003).

Whole-taskapproaches, on the other hand, attend to the io@bieh and integration
of constituent skills from the very beginning. Tiearner develops first a holistic vision of
the task (the global skills) and only afterwards lical skills (van Merrienboer, Kirschner, &
Kester, 2003). Both the part-task and the whaod&-tgpproaches aim to reduce intrinsic
cognitive load by manipulating the level of intearans among the elements. However, while
the part-task approach achieves this by first elating the interactions and then presenting
them at the end, the whole-task approach progréssasa simplified version of the
interactions (i.e. simplified version of the whaéesk) to a more complex version of the task

that includes the more complex interactions.

In accordance with the whole-task approach, inhask to identify the first principles
of instruction, Merrill (2002a) stressed the impoite of instruction to be in the context of
authentic, real-world problems or tasks. In patdcuMerrill made the distinction between a
task-centered@dndtopic-centerednstructional strategy. While topic-centered instional
strategies usually teach the content in a hiereatfi@shion (i.e. only one topic is taught at a
time, until all the component skills have been tajgn task-centered instructional strategies
a simplified version of the whole task is demonsuaaight up front and the instructions that
follow provide the necessary information to comelttis task. According to Merrill, a truly
effective task-strategy involves a progressiorasktcomplexity and a corresponding
decreasing amount of learner guidance. Merrill@0(Zb) Task-Centered Instructional
Strategy brings together several components, inujuitie Pebble-in-the-Pond model
(Merrill, 2002c), to create a multi-strand strategpecifically intended for teaching how to
solve real-world problems or for how to completal+worlds tasks. The task-centered
instructional strategy differs from constructiuiséthods such as the problem-centered
instruction in that it is a form of direct instriat but in the context of authentic, real-world

problems or tasks (Merrill, 2009).
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Similar to Merrill’'s (2007b) Task-Centered insttional strategy approach, the four-
component instructional design model (the 4C/ID eipfzan Merrienboer, 1997) stresses
the use of authentic whole-tasks for the acquisitibcomplex learning skills. Like Merrill's
approach, the 4C/ID model is content-centered f@®sed to topic-centered) modification of
traditional instructional design. Thus, in the 4T Mmodel the contents-to-be-learned and not
the abstract learning objectives are specified &ingl instructions are presented directly, yet
in the context of authentic, real-world problemgasks. According to the 4C/ID model,
complex learning deals with coordinating and indéégig the separate skills that comprise
real-world tasks and has little to do with learngggparate skills in isolation (van
Merrienboer, Clark, & de Croock, 2002).

In terms of motivational considerations, inherniboth the 4C/ID and the task-
centered instructional strategy models is manageofestudent’s self-efficacy. According to
Bandura (1986), actual experiences is the mostitapbsource of self-efficacy (Stipek,
2002). Being task-centered, both of the modelsigeogxtensive actual experiences.
However, unlike constructivism in which highly colep tasks may be presented from the
beginning, these models avoid using highly comjexning tasks from the start given the
potentially negative effects on learning, perforcgrand motivation (Sweller, van
Merrienboer, & Paas, 1998). Instead, they proposgrpssion of tasks from simple to
complex, thus assuring that the actual experienteily a positive experience, and that the
psychological state of the students is kept pasitivn addition, both Merrill (2007b) and van
Merrienboer (1997) attribute high intrinsic motinatal value to the inherent task-centered
characteristic of the modules. According to M&(BD07b), traditional instruction is often
not clear with regard to how the knowledge and skimponents will eventually be applied
(“you won't understand it now but later it will beally important to you...”), causing the
instruction to lack the necessary relevance folg¢hener. Likewise, van Merrienboer (1997,
p. 32) noted that “For whole-task practice, inticnsotivation (natural satisfaction with task
accomplishment) will usually be relatively highchese there is a clear resemblance

between practice and post-instructional performance
Purpose of the Study

The purposes of the current study were to (a)stigate whether and why a task-
centered approach might be superior to a topicecedtapproach for problem solving, (b)
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attempt to reveal emotional and cognitive procebséind complex learning in the domain
of technological skills, and (c) provide recommeiutes for effective training methods while
considering individual differences. In particuldnyas of interest to investigate the reciprocal
effects of instructional strategy, performancel(siid transfer) and affective measures,

including computer-self efficacy, computer anxiatggnitive load and attitudes.

To achieve the study purpose, two computer-bassdictional strategies were
employed. In théask-centeredcondition, the learners were first presented witke tasks
with increased level of difficulty. Each of the ¢élertasks included all the elements of the
whole-task, thus, in step one, for example, thenkxa learned the basics of timeline, texts,
and buttons. In th®pic-centeredcondition, on the other hand, no task was presdntéte
learners up front. Instead, objectives were preseta the learners at the beginning of each
topic section (timeline, dynamic texts, and butjoi$ius, in the topic-centered condition,

each of the three steps referred to only one ofdpies.
Research Questions

The following research questions were examindtigstudy:

Research question 1

What are the effects of instructional strategylkiesntered vs. topic-centered) on: (1)
performance (skill-development performance, procks&lopment performance (near and
far transfer)), (2) cognitive load, (3) time onkaand (4) Attitudes (computer self-efficacy,

computer anxiety, and motivation)?

Research question 2

What are the relationships between computer anxeetyputer self-efficacy and: (1)
performance (skill-development performance, procks&lopment performance (near and
far transfer)), (2) cognitive load, (3) time onkaand (4) attitudes toward training?

Research question 3
Does self-efficacy mediate the effects of instiuadl strategy on: (1) skill-development
performance, (2) near transfer process-developpenfidrmance, and (5) far transfer

process-development performance?
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Research question 4

Is there an interaction between learner’s levebgfertise and treatment condition with
regard to: (1) computer self-efficacy, (2) compuwexiety (3) learners satisfaction (4)
cognitive load (5) skill-development performand®, grocess-development performance

(near and far transfer), and (7) time on task?
Significance of the Study

Previous studies relating to van Merrienboer Q@A C/ID-model, have focused
mainly on investigating specific aspects of thelBahodel, including problems sequencing
(e.g., Paas & van Merrienboer, 1994), informatiogspntation timing (e.g., Kester,
Kirschner, van Merriénboer, & Baumer, 2001), araiéng tasks optimal step sizes (e.g.,
Nadolski, Kirschner, & van Merrienboer, 2005; Nako| Kirschner, van Merrienboer, &
Hummel, 2001). However, the effects of the 4C/IDe@lan comparison to topic-centered

instruction have not been investigated in much ldept

The only study that compared the two approachesceaducted by Lim et al. (2009)
who investigated the effects of the two instrucsilcapproaches (part-task: traditional
instructions, and whole-task: 4CID model) and leaprior knowledge on learner acquisition
and transfer of a complex cognitive skill (prepgrangrade book using Microsoft Excel) (see
also Lim, 2006). They found that the whole-taskditian resulted in significantly better
performance than the part-task condition on a skijuisition test and a transfer test. While
Lim et al. found the 4C/ID-model to be superiogythwere not able to determine which
element of the 4C/ID-model was responsible ofuisesiority, as indicated by Lim et al.
(2009, p. 74), “future researchers may want to emarmwhich particular aspects of the 4C/ID
approach facilitate student learning and trangecause the study examined, from a holistic
perspective, the effects of an instructional progtmsed on the 4C/ID instructional
approach, it is uncertain what specific aspecthatf approach promoted student learning and
transfer.” In addition, Lim et al. did not includetheir study a measure of self-efficacy, thus,
it is not possible to determine whether performasaeediated and can be explained by

increase in self-efficacy.

The proposed study is significant in that it pd®s a clean comparison between
topic-centered and task-centered instructionategiias. In contrary to other studies (e.g.,

Lim, Reiser, & Olina, 2009), in this study, the ditrons are designed in a way that trdy
7
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difference between them is whether the materi@pegsented around tasks or topics. Thus,
each unit within this overall structure is presere@actly the same way. This unique design
enabled not only to determine which instructionedtegy is superior, but also to determine
the exact reason for the difference. In other wardprevious studies comparisons were
made between strategies that differed in more dmendimension; consequently, this kind of

conclusion was not possible.

In addition, the proposed study is unique in thaims to provide theoretical
explanation as tahy differences exist between the efficiency of thedibons. As
mentioned before, according to Mayer (1998), swsfokproblem solving depends on three
components: skill, metaskill, and motivation. Aatiog to Social Cognitive Theory
(Bandura, 1986), the effects of the environmenhwman behavior are mediated by
cognitions with a continuous reciprocal interactimiween personal factors, the environment
in which an individual operates, and behavior. Thius assumed that both motivational
factors and cognitive factors have an importarg nolthe learning process. By assessing
cognitive load, performance, as well as motivationaasures including self-efficacy,
computer anxiety, and attitudes it was hoped teakthe nature of those reciprocal

relationships.
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CHAPTER II: LITERATURE REVIEW

In the following chapter the theory upon which greposed research model is
designed will be reviewed. The review will startiwdonassen’s (2000b) definition of
problem solving and problem classifications. Subsetjy, an overview of two key factors in
problem solving: cognitive factors and motivatiofedtors will be provided. In particular,
Cognitive Load Theory (CLT) (Sweller, 1988), Sodzdgnitive Theory (Bandura, 1977a,
1986), Self Determination Theory (Deci & Ryan, 19&md Interest Theory will be
reviewed. For both the cognitive and the motivadidactors implications for instruction will

be discussed.

Next, the extent to which CLT and motivational soierations described above are
taken into account by prominent instructional theowith respect to problem solving
learning were examined. Three distinct instructi@®sign approaches are presented:
traditional instructivist instructional design thies with a focus on Gagné’s theory of
instruction (Gagné, 1985), continue to construstiinstructional approach with a focus on
Jonassen’s constructivist learning environmentgdsan, 1999), and finish with recent
models with a focus on Merrill's task-centered instional strategy (Merrill, 2007b) and van
Merrienboer’s 4C/ID model (van Merrienboer, 199IMese models combine characteristics
of traditional instructional theories (i.e., dirdearning) with characteristics of constructivism
(i.e., whole-task approach). Then the extent tactvieiach instructional approach takes into
consideration CLT and motivational considerationg #us its appropriateness for problem

solving learning was examined.

Next, literature that is specific to computer peogming, which is the specific
domain that the proposed study examined, is re\deWkis review includes literature
regarding motivational constructs such as commékrefficacy and computer anxiety as
well as the efficiency of instructional strategieshis domain. Last, the research model for

this study, grounded in the motivational and cageitheory described above, is described.



CHAPTER II: LITERATURE REVIEW

Defining Problem Solving

Even though problem solving is considered to bergportant cognitive activity in
everyday and professional context, according t@agsen (2000b, p. 63) “instructional design
research and theory has devoted too little atterttdhe study of problem-solving processes
or methods and models for supporting problem-sgh@arning”. Problem solving is “any
goal directed sequence of cognitive operations'dgson, 1980, p. 257). Those operations
include a mental representation of the situati&a faental model), also known as problem
space. In addition, problem solving requires attibiased manipulation (i.e., thinking) of the
problem space (Jonassen, 2000a; Newell & Simor2)19th a continuous reciprocal
feedback between activity and knowledge (Fishbdeakart, Lauver, Van Leeuwen, &

Langmeyer, 1990; Jonassen, 2000b).

Information processing models of problem solvisgally assume general problem
solving strategies. A number of informational pregiag models of problem solving have
attempted to explain the problem solving procese IDEAL problem solver (Bransford &
Stein, 1983) describes problem solving as the gépeocess of ftlentifyingpotential
problemsDefiningand representing the probleBxploring possible strategiegctingon
those strategies, amokingback and evaluating the effect of those activit{@enassen,
2000b, p. 65). Even though the IDEAL model acknalgkd the fact that different types of
problems demand different strategies, it did nggest how to select an appropriate strategy
for each problem type (Bransford & Stein, 1983;aks®en, 2000b). The classic General
Problem Solver (Newell & Simon, 1972) describesopem solving as two sets of thinking
processes, understanding processes and searcegaecéick (1986) presented a simplified
synthesized model of the problem-solving procebkg. Model includes processes of
constructing a problem representation, searchingdtutions, and implementing and
monitoring solutions. Thus, in an attempt to geliwegroblem solving procedure,

information processing models tend to treat albfgms the same (Jonassen, 2000b).

Nevertheless, problems are not alike, either mtexat, form, or process. Schema
theory models argue that each type of problem reguis own schema. Thus, experts are
better problem solvers because they are able tgnéze the most appropriate schema for a
given problem, whereas novices, who are not abtedognize appropriate schema, must rely
on general problem solving strategies, such amtbemation processing approaches

10
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described above, which provide weak strategieptollem solutions (Jonassen, 2000b;
Mayer, 1992). According to Jonassen (2000b) “thitylo solve problems is a function of
the nature of the problem, the way that problenegesented to the solver, and a host of
individual differences that mediate the processé(Bgure 2.1). To provide meaningful
guidance for instructions, and better understandfrige problem solving process, it is
necessary to acknowledge variations with respeeath of those elements. The next section
provides a description of those problem elementisitrans as described by Jonassen
(2000Db).

Problem Variations— | Representation — Individual differences = | Problem Solving

- lll-structuredness - Context - Knowledge Skill

- Complexity - Cues/Clues - Cognitive styles

- Abstractness/Situatedness Modality - General problem-solving
strategies

- Self-confidence
- Motivation/perseverance

Figure 2.1 Problem-Solving Skills (Jonassen, 2000b)

Problem Variations

According to Jonassen (2000b), problems vary im$eof their structuredness, complexity,
and abstraction (domain specificity).

Structuredness

Jonassen (1997) distinguishadll-structuredfromiill-structured problems. Well-
structured problems (e.g., algorithms, story proide“present all elements of the problem to
the learners, require the application of a limmednber of regular and well-structured rules
and principles that are organized in a predictivé prescriptive ways, and have knowable,
comprehensible solutions where the relationshipvéen decision choices and all problem
states is known or probabilistic” (Jonassen, 20@06,7). lll-structured problems (e.g.,
systems analysis, design) on the other hand “pssseblem elements that are unknown or
not known with any degree of confidence, possedsipteusolutions, solutions paths, or no
solutions at all, possess multiple criteria forlaaion solutions, and often require learners to
make judgments and express personal opinions @f9about the problem” (Jonassen,
2000b, p. 67).

11
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Instructional design for well-structured probleimsooted in information-processing

theories, which conceive of learning outcomes agdizable skills that can be applied

across content domains. In contrary, instructiaiesign for ill-structured problems shares

assumptions with constructivism and situated cagmitwhich argue that any performance is

domain specific and therefore recommend preseimstguction in some authentic context.

Jonassen (1997) recommended different design méatelell and ill-structured problems

(see figure 2.2), arguing that each kind of probtaths on different skills.

Well-structured problem-solving
instructions:

lll-structured problem-solving
instructions:

Step 1

Review prerequisite component, concepts
rules, and principles.

5, Articulate problem context.

Step 2

Present conceptual or causal model of
problem domain.

Introduce problem constraints.

Step 3

Model problem solving performance in
worked examples.

Locate, select, and develop cases for learn

Step 4

Present practice problems.

Support knowledge base construction

Step 5

Support the search for solutions
(scaffolding).

Support argument construction.

Step 6

Reflect on problem state and problem
solution.

Figure 2.2 Recommendations for Developing Well-&trced and Ill-Structured Problem
Solving Instruction

Complexity

According to Jonassen (2000b, pp. 67-68) “Proldemplexity is defined by the

ers.

number of issues, functions, or variables involirethe problem, the degree of connectivity

among those properties; the type of functionalti@iships among those properties; and the

stability among the properties of the problem duwee (Funke, 1991)”. Complex problems

are more difficult to solve because they involverencognitive operations than simpler ones,

thus placing heavy burden on working memory. Hitstured problems are usually more

complex, nevertheless, well-structured problemsheaaxtremely difficult while ill-

structured problems can be fairly simple. For exampaying chess is a very complex well-

structured problem, while selecting a shirt fofelént occasions is a simple ill-structured

problem (at least for some).

Domain Specificity (Abstract-Situated)

According to current research and theory in pnobs®lving, problem solving skills

are domain and context specific. This is becausgngpproblems within a domain relies on
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cognitive capabilities that are specific to the ém (Jonassen, 2000b; Mayer, 1992).
Methods of solving a problem within a domain argareled as strong methods, as opposed to
domain-general strategies, which are regarded ak methods. While in general ill-
structured problems tend to be more situated thelhstructured problems, this is not always

the case.

Problem Representations

The second factor that effect problem solvinglskitcording to Jonassen (2000b) is
the way problems are represented and perceiveldebgroblem solver. Problems can be
represented in their most authentic form; noneselke problem space can be manipulated
by providing and withholding contextual cues, praspr other clues. In addition, the
conditions for solving the problem can be simitaot easier than the source problem in
terms of time constraints, social pressures, lefzeboperation and competition and so on.
This manipulation of the problem representation difectly shape the problem difficulty
and complexity. A key question in designing forldemm solving is to what extent the

problem should be represented in its natural coxiyle

Individual Differences

The last factor to influence problem solving skaiccording to Jonassen (2000b) is
individual differences. Unlike problem variationdaproblem representation, which are
considered to be external factors in problem sglyM. U. Smith, 1991), individual
differences, or variations in the problem solverg, regarded as internal factors in problem
solving. Individual differences can be generalltegarized into three categories, which
include aspects that relate to experience withlaimproblems, cognitive and metacognitive

skills, and attitudes.

One of the strongest predictors of problem-sohahdity is the solver’s familiarity
with the problem type (Jonassen, 2000b), whichresalt of better developed problem
schemas. Nevertheless, that skill is not transferabother type of problems, or even the
same problem in a different representation (erglagous problem in different domain)
(Gick & Holyoak, 1983). Another predictor of probiesolving skills is the solver’s level of
domain and structural knowledge. To be able todaseain knowledge for problem-solving,
the solver must understand how concepts withinmaailo are interrelated, or in other words

possess structural knowledge of the domain.

13
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Another variation in problem solvers is their citiye styles and controls (i.e.,
patterns of thinking that control processing arasoming of information). For example
higher cognitive flexibility and cognitive compleyishould result in better problem solving
because more alternatives are considered (Jon&83@0h); Stewin & Anderson, 1974). At a
higher level, variation in metacognition also aauioler differences in problem solving
ability. Metacognition is the awareness of how t@ans, the ability to judge the task
difficulty, monitor understanding, and assess leayprogress. All those skills are important
to the problem solving process (Flavell, 1979).adidition, epistemological beliefs regarding
the nature of problem solving also may affect ttay & solver approaches a problem. For
example, a common belief is that there is a righwimng way to do things, whereas in order
to solve ill-structured problems the solver needadknowledge the existence of various
ideas and to consider multiple perspectives.

According to Jonassen and Tessmer (1996), alidhyeitive processes described
above are indeed necessary yet insufficient reouargs for solving problems, in particular
complex and ill-structured ones. Another prered@ifr successful problem solving involves
affective and conative (motivational and volition@lements. Affective elements, such as
attitudes and beliefs about the problem, problemain, and self-efficacy significantly affect
a problem solver’s performance. Related to affecthements, conative elements, such as
engagement, persistence, and motivation affeatffioet made in trying to solve a problem
and therefore the likelihood of success (Mayer 8% nninger, Hidi, & Krapp, 1992). For
example, while given a computer programming problemme students would immediately
give up, believing it was too complex while othessuld keep trying (Perkins, Hancock,
Hobbs, Martin, & Simmons, 1986).

In summary, developing instruction for problemvsg is a challenging task. To
develop instructional guidance for problem solvinig first necessary to acknowledge the
complexity and variation within problem-solving adies. Nevertheless, for the most part,
instructional design textbooks do not provide adegguidelines for teaching problem-
solving, and when they do, the prescription invelaggeneral problem-solving strategy (e.g.,
P. L. Smith & Ragan, 1999). Gagné, Briggs and Wé&t@92) regarded complex problems as
higher order rules and did not provide guidanctedeht from teaching rule-learning
outcomes, e.g., “A higher-order rule is still aeraind differs only in complexity from the

simpler rules that compose it “ (Gagné & DriscaB88, p. 52).

14
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Considerations for Developing Problem-solving Instuction

Cognitive Load

Integration of concepts from information-procegdineory and schema theory form
the base of Cognitive Load Theory (CLT) (Drisc@05; Paas, Renkl, & Sweller, 2003;
Sweller, van Merrienboer, & Paas, 1998). Cognitoaa refers to the tension that is put on
limited working memory by the processes involvedegrning a new task. Schemas are
stored in long term memory, which unlike workingmy has no size limitations. Schemas,
in addition to providing a mechanism for knowleagganization and storage, help to reduce
working memory load. Thus, an important consideratf instruction is the construction and
automation of relevant schemas (Sweller, van Mebaer, & Paas, 1998), while controlling

for working memory load.

Working memory load may be affected eitherntyinsic cognitive load, which is the
intrinsic nature of the learning tasks ord¥traneousognitive load, which is the manner in
which the tasks are presented (van Merrienboer &ll8w 2005). A further distinction can
be made between extraneous cognitive loadganchanecognitive load. While extraneous
cognitive load is a result of poorly designed instions and is not desired, germane
cognitive load reflects the mental effort investixectly in learning (Sweller, van
Merrienboer, & Paas, 1998). Increasing germanaitug load is desired when both
intrinsic and extrinsic cognitive load are low,Ve®y unused working memory that could

have been used to enhance schema construction.

Working Memory

Rooted in cognitive information processing theavgrking memory, also referred to
as short-term memory, acts as a mediator betwemogememory and long-term memory.
Within working memory further processing is coneitto make information ready for long-
term storage or response (Driscoll, 2005). AccaydmSweller, van Merrienboer and Pass
(1998), working memory can be equated with constiess: “Humans are conscious of and
can monitor only the contents of working memoryl. &her cognitive functioning is hidden
from view unless and until it can be brought intorking memory” (Sweller, van
Merrienboer, & Paas, 1998, p. 252).
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Working memory is limited in that it can only hdldhited amount of information for
a limited amount of time. Miller (1956) demonstihtbat only about 7 (+2) elements of
information can be hold in working memory at a tilNevertheless, the size of those
elements can vary widely in size (Driscoll, 20G8Ys, working memory capacity may be
increased through creating larger bits of informatiknown as the processafunking
Moreover, while working memory can store aboutéefrednts, it can only deal with two or
three elements simultaneously when the task isdoass rather then merely hold
information (Sweller, van Merrienboer, & Paas, 1998

Schema Construction

According to schema theory, schemas are usedt® lshowledge in long-term
memory. Unlike the limited capacity of short-ternemmory, long-term memory can store
unlimited amount of information. A schema is “aalatructure for representing the generic
concepts stored in memory” (Rumelhart, 1980, p. S34hemas, which form domain specific
knowledge, is a major factor distinguishing expéusn novices in problem solving skills
(Sweller, 1988). For example, de Groot (1966) fotlvat expert chess players remember
chess positions as single elements and encodeab@nsingle chunk. Moreover, Chase and
Simon (1973) demonstrated that this difference maslue to superiority in terms of their
working memory; expert chess players were not batteemembering the board
configuration when it was random, but only whewats taken from real games. Hence,
expert chess players do not need to search for gmyes using limited working memory.
Rather, they use their knowledge of as many a000(0oard configurations (Chase &
Simon, 1973) and their knowledge of the appropmadee for each configuration. Other
studies have demonstrated that the major distimétesween novice and expert problem
solvers is knowledge of an enormous number of praldtates and their associate moves
(see Sweller, van Merrienboer, & Paas, 1998). Timiisllectual ability relies on schemas
stored in long-term memory, rather then an abibtgngage in long, complex chains of

reasoning in working memory.

In addition to providing a mechanism for knowleagganization and storage,
schemas also help reduce working memory load. Atioreed before, working memory can
only hold about seven elements at a time; howédwesize of each element can vary. Once a
schema has been constructed, the interacting etsraenincorporated and the schema can

act as a single element in working memory and tbezewill require minimal working
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memory demands, especially if it is automated (&meran Merrienboer, & Paas, 1998).
Even a high complex schema can be dealt with asaré element in working memory (van
Merrienboer & Sweller, 2005).

Reducing Extraneous Cognitive Load

Extraneous cognitive load refers to the cognitbaal caused by the way in which the
materials are presented. Based on the assumptbeitraneous cognitive load is not
necessary for learning, traditional approachesdducing cognitive load focused on different
ways to reduce the extraneous cognitive load afungons. Sweller et al. (1998)
summarized the main effects that can be used teceeeixtraneous cognitive load, which
include the following: (1) worked example effeetse worked example rather than
conventional problems, (2) the completion probldfact - provide a partial solution that
must be completed by the learners, (3) the sppéhtion effect - a single integrated source of
information is better than multiple sources of mfiation, (4) the modality effect - a
multimodal source of information like spoken tertlaa visual source are better than a
unimodal source of information like written textdavisual source, and (5) the redundancy
effect - one source of information is better thauitiple self-contained sources (Mayer &
Moreno, 2003). Nevertheless, those methods to deerextraneous cognitive load may not
be sufficient in the case of real-world complexipems where the intrinsic cognitive load
may be too high for novice learners; not leavirgmlenough resources for schema

construction. Thus, it is also necessary to firethods to decrease intrinsic cognitive load.

Reducing Intrinsic Cognitive Load

Intrinsic cognitive load refers to the load caubgdhe intrinsic nature of materials.
The degree of intrinsic cognitive load is a funetaf the “number of elements that must be
processed simultaneously in working memory, whiepahds on the extent of element
interactivity” (Sweller, van Merrienboer, & Paa$99B, p. 259). It should be noted that a
large number of interacting elements that mightrioael working memory for one person
might be a single element for more experiencedgmerBhus, intrinsic cognitive load may be
very high for problem solving; especially when tbarner does not poses relevant schemas.
In the early stages of CLT, it was believed th&imsic cognitive load is a characteristic of
the task to be learned and cannot be changed tsyatien: “Intrinsic cognitive load cannot
be altered by instructional interventions becatgeintrinsic to the material being dealt
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with” (Sweller, van Merrienboer, & Paas, 1998, 9P Nevertheless, development in CLT

led to new instructional approaches that aim taicedhe intrinsic cognitive load of the task.

Authentic tasks, which are often characterizedthiigih element interactivity, can help
the learner construct schemata not only of alctimaponents of the tasks but also of the way
the different components interact with and relatedch other. Authentic tasks are viewed by
many instructional theories as the basis for comf@arning (A. Collins, Brown, &

Newman, 1989; Jonassen, 1999; Merrill, 2002b; Sxellan Merrienboer, & Paas, 1998).
The main risk of those approaches is that the &xanay be exposed to extremely high levels
of cognitive load when trying to solve an authengial-world problem. As mentioned
previously, using highly complex learning tasksnfirthe start has negative effects on

learning, performance, and motivation (Sweller, Marrienboer, & Paas, 1998).

Instructional theories developed in the 1960s E9WDs typically advocate the use of
part-task approaches to prevent overloading thraées with complex problems at an early
stage (Reigeluth, 1983; van Merrienboer, Kirsch&ekester, 2003)Part-taskapproaches
separate the different components of the complekdad teach them separately. Although
sometimes the learners are given the opportuniputdogether several of the steps during
the course of the program, only when the learreastr the end of the instructional unit do
they get the opportunity to practice the whole t&sken though this strategy can be
beneficial (Pollock, Chandler, & Sweller, 2002)ias found that part-task approaches do not
work well for complex performances that requirgggnation of skills, knowledge, and
attitudes (Goettl & Shute, 1996; Peck & Detwei2000; van Merrienboer, 1997; van
Merrienboer, Kirschner, & Kester, 2003). Based lom part-task approach the intrinsic
cognitive load of the materials should be reducgdlimminating the interactions among the

information elements until the learners masteofihe separate elements.

Whole-taskapproaches, on the other hand, attend to the io@bieh and integration
of constituent skills from the very beginning. Tiearner develops first a holistic vision of
the task (the global skills) and only afterwards lical skills (van Merrienboer, Kirschner, &
Kester, 2003). Both the part-task and the whaod&-tpproaches aim to reduce intrinsic
cognitive load by manipulating the level of intearans among the elements. However, while
the part-task approach is doing that by first atiating the interactions and then presenting
them at the end, the whole-task approach progréssasa simplified version of the
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interactions (i.e. simplified version of the whaéesk) to a more complex version of the task

that includes more complex interactions.

Cognitive Load and the Expertise Reversal Effect

In general, according to CLT, effective instruatghould aim to reduce the cognitive
load experienced by learners, thus preventing tiwgroverload. However, a line of research
within CLT has found that the positive effect oflueing cognitive load on learning is only
true for learners with very low level of knowledgeskills (i.e., novices) (Kalyuga, 2007). It
was found that when learners’ level of expertiseanases, this effect disappears and
eventually reversed. This phenomena is referres tilveexpertise reversal effe(alyuga,
Ayres, Chandler, & Sweller, 2003). While for nosoexternal cognitive load may be caused
by insufficient guidance that forces them to sedoclanswers using cognitively inefficient
procedures, for experts, external support may apeslith already existing knowledge base
forcing them to waist limited resources on redundafiormation. Thus, whether cognitive
load is extraneous or intrinsic may depend onehener’s level of expertise: some strategies
that may reduce intrinsic cognitive load for no@aeray be irrelevant and therefore increase

extraneous cognitive load for more experiencecimar(Kalyuga, 2007).

All types of cognitive load, including extraneougernal, and germane, were found
to contribute to the expertise reversal effect. &ample, it was found that the split-attention
and the redundancy effects, both used as guiddtimesducing extraneous cognitive load,
reversed as learner gain more expertise. In acooed@ the split-attention effect, novices
learned best from textual explanation that wereesidbd into the electrical writing
diagrams. Nevertheless, this effect decreased \wheleffectiveness of the diagram alone
condition increased as learners gained more espdifialyuga, Chandler, & Sweller, 1998).
With respect to the worked examples effect (SwelléB8), Kalyuga et al. (2001) found that
the superiority of worked examples over problenwiag practice disappeared as trainees
acquired more experience. Likewise, Cooper €2801) found that more knowledgeable
students who held prerequisite schemas benefited framm imagining procedures and

relations, whereas less knowledgeable studentditezhenore from worked examples.

Implications for Complex Problems Instruction

In summary, teaching complex problem solving cartallenging since the nature of

such tasks usually involve high levels of elemategractivity which may overload working
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memory. The challenge increases further when ndeamers do not have any established
schemas to rely upon. Taking CLT into consideratiba goal of instructional design should
be construction and automation of schemas whilagakto consideration working memory

constraints and individual differences.

Motivational Considerations

According to Mayer (1998) effective instructiors problem solving should address
three components: skill, metaskill, and will. Thigproach suggests that a focus solely on
teaching problem solving skills and metaskillsneamplete, because it ignores the problem
solver’s attitudes and interest in the problem. S laddressing motivational aspects of
cognition, or the problem solver’s will, is neceagstr successful problem solving (see

alsoRenninger, Hidi, & Krapp, 1992).

Social Cognitive Theory

Grounded in reinforcement theory, behavioral medé¢imotivation assume that
behavior is caused by environmental events extéortale person and is determined by its
consequences (Stipek, 2002). Likewise, modelsftitais on individual reactions to
computing technology such as Diffusion of Innovat{i®Ol) and the Technology
Acceptance Model (TAM) focus on the perceived onteaf using the technology (e.g.,
perceived usefulness and perceived ease of usle¢ asain source of motivation (Compeau,
Higgins, & Huff, 1999; Davis, Bagozzi, & Warshawg89; Venkatesh & Davis, 1996).
Nevertheless, others’ expectations of positive @utes of a behavior may be meaningless if
they doubt their potential to successfully perfahm behavior in the first place (Compeau,
Higgins, & Huff, 1999). In other words, a behavinight be expected to result in positive
outcomes, yet not be undertaken due to a doubeiability to successfully execute the
behavior.

Taking that into consideration, Social Cognitiveedry (Bandura, 1977a, 1986) is
based on the premise that people are not enteglylated by external forces. Instead, the
effects of the environment on human behavior aseimed to be mediated by cognitions
with a continuous reciprocal interaction betweenghvironment in which an individual
operates, personal factors, and behavior (Band9&g). Bandura referred to this
relationship as “triadic reciprocality” (see figuze8), for example, behavior is influenced by
cognitive and personal factors, but also affeadséhsame factors. Bandura addresses two
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groups of expectations as the major cognitive ®in#luencing behavior. The first group of
expectations refers to outcomes. People are maly lio undertake behaviors they believe
will result in positive outcomes as opposed to tiggautcomes. The second group of
expectations refers to beliefs regarding one’stgtid successfully execute a particular
behavior, or what Bandura refers tosa$f-efficacy According to Bandura (1986), self-
efficacy influences choices regarding which behatoaindertake, the effort put in
completing the task on hand, and ultimately thetergof the behavior (Compeau &
Higgins, 1995b).

Environment Behavior

Figure 2.3 Bandura’s Triadic Reciprocality

Self-Efficacy

Self-efficacyefers to the belief that one is capable to exesittiational demands
(e.g., Bandura, 1977a, 1986; Wood & Bandura, 1988Qhdura (1986, p. 391) defines self-
efficacy as “People’s judgments of their capalastto organize and execute courses of action
required to attain designated types of performaritesconcerned not only with the skills
one has but with judgments of what one can do withatever skills one possesses”. In
addition “competent functioning requires both skdihd self-beliefs of efficacy to use them
effectively” (Bandura, 1986, p. 391). Self-efficasydomain specific, thus, a person can have
high self-efficacy in one domain and low self-edity in another domain (Bandura,

Barbaranelli, Caprara, & Pastorelli, 1996).
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In learning situations, high self-efficacy is asated with high goal setting
(Zimmerman & Bandura, 1994), choice of more difficasks (Sexton & Tuckman, 1991),
longer persistent at tasks (Bouffard-Bouchard, 199€e of constructive strategies for
learning (Pintrich & De Groot, 1990), positive emoas and reduced fear and anxiety
(Zimmerman, 1995), all of which affect achievemeuatcomes. Moreover, self-efficacy was

found to be more predictive than actual skills ohiavement behavior (J. Collins, 1982).

According to Bandura (1986), judgments of selfegify are based on four principal
sources of information. Firsactual experiences according to Bandura the most important
source. Nevertheless, the relationship betweerctobgeexperience and self-efficacy is not
simple. For example, previous success may nobat#ito efficacy if the student attributes
success to external factors such as luck. Sestratjous experiencesf observing the
performance of others affect self-perceptions ti€&fy. Vicarious experiences are in
particular influential in situations in which peeghave little personal experience with the
task. Thirdyerbal persuasiosuch as encouragement and types of social infualso
influence self-efficacy judgments. Finally, on@'sychological statean also affect judgment
of self-efficacy. For example, a high state of atyximay reduce a student’s confidence and
perception of efficacy, especially if the studeas Iprevious experience where anxiety
affected performance. Lower perception of efficaag, in turn, increase anxiety even higher
(Stipek, 2002).

Self-Determination Theory

Related to self-efficacy, the importance of corepet is emphasized by intrinsic
motivation theory. This theory presumes humandgehmave an intrinsic need to feel
competent, are naturally inclined to practice nesldyeloping competencies, and that
practicing those new skills is inherently satistyi{ifiaget, 1926; Stipek, 2002; R. W. White,
1959). According to self-determination theory (§PAuman beings can be proactive and
engaged, or alternatively, passive and alienatpkrding on the social conditions in which

they develop and function (Ryan & Deci, 2000).

Cognitive evaluation theory (CET), a sub theorthim SDT, specifies factors that
influence intrinsic motivation. CET proposes the¢m@s and conditions that enhance a
person’s sense adutonomyandcompetencsupport intrinsic motivation, whereas events

and conditions that reduce perceived autonomy wmpebtence weaken intrinsic motivation
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(Deci & Ryan, 1985)Autonomyconcerns a sense of volition or willingness wheimg a

task. Giving the learner choice have been shovamb@ance autonomy and, in turn, intrinsic
motivation (e.g., Lahey, Hurlock, & McCann, 197@pmpetenceoncerns the need for
challenge and feeling of efficacy. Thus, factoi tihcrease the experience of competence
(e.g., opportunities to successfully execute atiein) enhance perceived competence, and,

in turn, intrinsic motivation.

Interest Theory

Related to intrinsic motivation is the conceptrdérest. According to interest theory,
“students think harder and process the materiabrdeeply when they are interested rather
than uninterested” (Mayer, 1998, p. 57). In conttasn effort-based approach, an interest-
based approach assumes that when a student “gaesadter unwillingly [rather] than when
he goes out of the fullness of his heart” the tasul'dull, mechanical, unalert, because the
vital juice of spontaneous interest has been sauakeat’ (Dewey, 1913, p. 3). According to
Dewey, the educators justify an effort-based apgrpasing methods such as drill-and-
practice because “life is full of things not irgsting that have to be faced” (Dewey, 1913, p.
3).

Research shows that there is a persistent coorelagtween interest in a school
subject and achievement in that subject (Shiekaiapp, & Winteler, 1992). Students’
engagement in tasks can be increased by giving thtemesting materials. Nevertheless,
according to interest theory simply adding intergsimaterials that are not directly relevant
to the information to be taught may increase irgigleit not learning, and as Dewey put it
“when things have to be made interesting, it isalbige interest itself is wanting” (Dewey,
1913, pp. 11-12). Adding seductive details (ergelevant images or text) may not improve
learning although the details themselves were reaellembered (Wade, 1992). For example,
Harp and Mayer (1998) found that any type of sadaedhformation (textual, visual, or both)
led to significantly worse recall and problem-saolyiperformance results compared to the
base text condition. While seductive details sucpersonal anecdotes may increase interest,
they also increase required attention and workiegiory, which could otherwise be devoted

to essential information (Wade, 1992).

According to Mayer (1998), effort theory and imtstrtheory have very different

educational implications. While effort theory is sh@onsistent with the practice of teaching
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skills separately, interest theory is consisterthweaching skills in context, which can be

implemented by using real world tasks.

Implications for the instruction of complex problems

In summary, many studies have demonstrated houvatioinal factors such as self-
efficacy, competence, and interest can influense $todents learn to solve problems in an
academic setting (Mayer, 1998). Addressing the vatibnal aspects is important for
developing instruction in general, and for thatgmse Keller (1983) has developed a model
for motivational design, known as the ARCS modalllé& proposed four conditions for
motivation that must be met: A-attention, R-relesgrC-confidence, and S-satisfaction.
Nevertheless, implementing those recommendatiotigicontext of complex problem
solving can be challenging. On the one hand, istéheory is consistent with teaching skills
in context, for example by using authentic tasks ti@ other hand, exposing the students to
problems that are too complex can be detrimenttddn sense of self-efficacy. Thus,
instructions should have personally meaningful extst, while keeping in mind the students’
perceived sense of self-efficacy and confidence.
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Instructional Approaches for Problem Solving: Oveniew

The purpose of this section is to examine thergttewhich prominent instructional
theories take into consideration the CLT and maitiveal factors described above are and

consequently their appropriateness for problemisglearning.

Reigeluth (1983, p. 352) defined instructionabttyeas “identifying methods that will
best provide the conditions under which learninglgavill most likely be attained”. The goal
of instructional theory according to Reigeluth (29p. 11) is “to attain the highest possible
probability of the desired results”. According toigzoll (2005), while learning theory
specifies the link between what is learned andtér&in conditions that accompany the
learning, instructional theory adds the componémsiructional method to the existing

equation (see Figure 2.4).

Instructional theory

Learning theory

REQUIRED INSTRUCTIONAL
CONDITIONS METHODS

OUTCOME4+———

Figure 2.4 The Relationship between Instructiorfedry and Learning Theory (Driscoll,
2005)

Next, three distinct instructional design appraechre presented starting with
traditional instructivist instructional design thies with a focus on Gagné’s theory of
instruction (Gagné, 1985), continuing to descrhmeedonstructivist instructional approach
with a focus on Jonassen’s constructivist learengronment (Jonassen, 1999), and
finishing with recent models that combine direetrteng (a main characteristic of traditional
instructional theories) with a whole-task approéimain characteristic of constructivism),
focusing upon Merrill's task-centered instructiosrthtegy (Merrill, 2007b) and van
Merrienboer’s 4C/ID model (van Merrienboer, 1990Qr each instructional theory its
assumptions regarding learning outcomes, the redjaionditions for learning, and finally its

suggested instructional methods are presented., Tireextent to which each instructional
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approach considers CLT and motivational factors@msequently is appropriate for

problem solving learning is examined.

Traditional Instructivist Instructional Theories

As mentioned previously, instructional theoriesaleped in the 1960s and 1970s
typically advocate the use of part-task approathg@sevent overloading the learners with
complex problems at an early stage (Reigeluth, 19&3 Merrienboer, Kirschner, & Kester,
2003). A recurring theme of such instructional @gghes is to break the task down into a
collection of “instructional objectives”. By masitay each objective the student should be
able to complete the larger task. In 1934, RalplerTyrote that objectives must be defined
in terms that specify the behaviors to be tauglat @ourse (Reiser & Dempsey, 2002). The
programmed instruction movement also identifieceotiyes for learners to attain via
instructional materials. Guidelines for such maierinclude presenting instructions in small
steps, including learners’ response followed bylleek, and allowing for learner self-pacing
(Skinner, 1954, 1958). Following this trend, Bloetal. (1956) also developed a taxonomy
of learning objectives.

A prominent model following this approach is Gagriéeory of instruction (Gagné,
1985). One of the fundamental assumptions of Gagpproach to instructional design is
that different learning outcomes necessitate diffeconditions of learning (Gagné, 1985).
Based on this assumption, Gagné developed an dtisinal theory that combines three major
elements: a taxonomy of learning outcomes, spdeifiming conditions required for the

attainment of each outcome, and nine events atuictsdbn (Driscoll, 2005).

First, Gagné presented a taxonomy of learningomnés that include verbal
information, intellectual skill, cognitive strategi, attitudes, and motor skills (see Table 2.1).
Building on his work with learning hierarchies (®&&g 1968), Gagné subdivided intellectual
skills into five subcategories hierarchically orelgrdiscrimination, concrete concepts,
defined concepts, rules, and higher order ruldeafning hierarchyrefers to a set of skills
that must be learned before it is possible to I&a@rcomplex skill of which they are a part
(Gagne, 1985). In the context of problem-solvintganing hierarchy is a task analysis that
results in a hierarchy of subtasks involved in prgblem-solving task (Mayer, 1998). Thus,
an intellectual skill should be taught by identifgiall of its underlying components and

supporting the student in mastering each one ofithieis assumed that a student who
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masters a higher-level task can master all preséquasks in the hierarchy (R. T. White,

1974).

Table 2.1 Gagné’s Taxonomy of Learning Outcomess(ot, 2005)

Learning outcome

Definition

1) Verbal Information

Stating previously learnedtenmls such as facts, concepts,
principles and procedures.

2) Intellectual skills

Discrimination

Distinguishing objects, feasy or symbols

Concrete concepts

Identifying classes of mtembjects, features, or events
e.g., colors, shapes

Defined concepts

Classifying new examplesveints or ideas by their definition
must be identified by means of definition

Rules

Applying single relationship to solve a class of problems
e.g., constructing grammatical sentences

Higher order rules

Applying a new combinatairrules to solve a complex probler

>

3) Cognitive strategies

Employing personal waygumle learning, thinking, acting, and
feeling

4) Attitudes

Choosing personal actions (towarddhjrpersons, or events)
based on internal states of understanding anchtgeli

5) Motor skills

Executing performances involvingthse of muscles

Once instructional goals have been identifieceimts of learning outcomes, Gagné

identified the conditions required for each skihowledge, or attitude (see Table 2.2). It is

important to note that the conditions listed belepresent the external conditions essential

for learning. In other words, from the CLT perspextthose conditions correspond with

strategies to reduce extraneous cognitive loadeNleeless, Gagné also acknowledges the

existence of internal conditions of learning thatrespond with intrinsic cognitive load. For

example, limitations of short-term memory and leashprior knowledge are considered to

be internal conditions.
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Table 2.2 A Summary of Gagné Conditions of Learr{ilBggné & Driscoll, 1988)

Type of learning Critical learning condition
outcome

Verbal information | 1. Draw attention to distinctifgatures by variations in print or speech
2. Present information so that it can be madechtoks

3. Provide a meaningful context for effective eringdf information
4. Provide cues for effective recall and genertibreof information

Intellectual skills 1. Call attention to distinadfeatures

2. Stay within the limits of working memory

3. Stimulate the recall of previously learned comgrt skills

4. Present verbal cues to the ordering or comhunaif component
skills

5. Schedule occasions for practice and spacedwevie

6. Use a variety of context to promote transfer

Cognitive strategy | 1. Describe or demonstrate titetegyy

2. Provide a variety of occasions for practice gshe strategy

3. Provide information feedback as to creativitpoginality of the
strategy or outcome

Attitudes 1. Establish an expectancy of successcaded with the desired
attitude

2. Assure student identification with an admirednlan model

3. Arrange for communication or demonstration ajich personal
action (i.e., provide vicarious experience).

4. Give feedback for successful performance, ewatibservation of
feedback in the human model

Motor skills 1. Present verbal or other guidanceue the executive subroutine
2. Arrange repeated practice

3. Furnish immediate feedback as to the accurapgidbrmance

4. Encourage the use of mental practice

Finally, Gagné (1985) proposed the nine evenisstfuctions as a mean to activate
processes that are relevant for learning (see TaB)e Those processes include attention,
pattern recognition, retrieval, rehearsal, andnteta as well as executive control processes
such as modifying the information flow and settpr@rities for the processes (Driscoll,
2005).
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Table 2.3 Gagné’s Nine Events of Instruction Asatsd with the Internal Learning Process
they Support (Gagné & Medsker, 1996)

Internal process

Instructional event

Action

Reception

1. Gaining attention

Use abrupt stimulus change

Expectancy

2. Informing learners of the
objective

Tell learners what they will be
able to do after learning

Retrieval to working
memory

3. Stimulating recall of prior
learning

Ask for recall of previously
learned knowledge or skills

Selective perception

4. Presenting the content

[Byghe content with
distinctive features

Semantic encoding

5. Providing “learning guidance

"Suggest a meaningful

organization

Responding

6. Eliciting performance

Ask learnegpéoform

Reinforcement

7. Providing feedback

Give informatieedback

Retrieval and
reinforcement

8. Assessing performance

Require additional learner
performance with feedback

Retrieval and

generalization

9. Enhancing retention and trans

féProvide varied practice and

spaced reviews

Cognitive Load Considerations

Even though Gagné presented his instructionaryhewor to Sweller’s

conceptualization of CLT, Gagné used methods taaedboth external and internal cognitive

load. Regarding external cognitive load, in accoogawith schema theory and CLT

(Sweller, 1988), Gagné proposed that learners argdheir knowledge in themes or

schemata which then provide the necessary founddiraacquiring related information as

well as solving problems (Driscoll, 2005). Accorgliyy his conditions of learning include

techniques that aim to reduce the load of workimgnory (e.g., “Present information so that

it can be made into chunks”, “Stay within the lisnitf working memory”, “Stimulate the

recall of previously learned component skills.”dao on).

Regarding intrinsic cognitive load, Gagné’s theasywell as other theories that

advocate instructional objectives (e.g., Bloom, IEhgrt, Furst, Hill, & Krathwohl, 1956;

Skinner, 1958), use a part-task approach to reshiigesic cognitive load. In part-task

approaches complex tasks are broken into smaliés {heat are trained separately assuming
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that by the end of instructions the learners shbeldble to perform the whole-task. While
this strategy can be beneficial (Pollock, Chandegweller, 2002), it was found that part-
task approaches may not work well for complex pennces that requires integration of
skills, knowledge, and attitudes (Goettl & Shut@9@; Peck & Detweiler, 2000; van
Merrienboer, 1997; van Merrienboer, Kirschner, &k, 2003). Furthermore, while the
main assumption of a learning hierarchy is thatident who masters a higher-level task has
mastered all prerequisite tasks in the hierardig/direction of this assumption only holds for
one way. Thus, students often are able to madtpraakquisite tasks but still fail to master
the corresponding higher-level task (Mayer, 1998).

Motivational Considerations

With respect to motivational considerations, Gagjtexonomy of learning outcomes
includes “attitude” as an outcome by itself. Retagrto Bandura’s social cognitive theory
(Bandura, 1977a, 1986), Bandura addressed two grafugxpectations one referring to
outcomes and the other referring to beliefs regardne’s ability to successfully execute a
task, or in other words self-efficacy. Self-effigas based on four principal sources of
information: actual experience, vicarious experen&erbal persuasion, and psychological

State.

In accordance with social cognitive theory, Gagragnditions of learning for
attitudes include improving outcome expectationg.(éEstablish an expectancy of success
associated with the desired attitude”), imprové-s#icacy though vicarious experiences
(e.g., “assure student identification with an admihuman model” and “arrange for
communication or demonstration of choice persootba”), and verbal persuasion (e.g.,
“give feedback for successful performance, or altdservation of feedback in the human
model”). Nevertheless, Gagné did not specificatlgrass the learner’'s experience and
psychological state such as anxiety as means tease self-efficacy within the conditions
for learning. Yet, Gagné includes actual experisnioghe nine events of instructions (“6.
Eliciting performance”). Moreover, attitude is regad as a separate learning outcome (e.g.,
choosing personal actions), and it is not expliat the learner’s attitude may play an
important role in learning higher order rules aneréfore should be considered as part of the
conditions of higher order rules.
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With respect to interest theory, according to May®98), teaching skills in isolation
is more consistent with effort theory whereas te@agkkills in context is more consistent
with interest theory. Therefore, implementing atytask approach such as Gagné’s might be
less interesting then using real world tasks. Stgnative instructional approaches are

discussed next.

Appropriateness for Problem Solving

Even though part-task approaches are effectiveefitucing cognitive load, Naylor
and Briggs (1963) indicated in the 1960s that @r@ynot very suitable for teaching complex
problem solving. It appears that part task appresetork well for skills that can be mastered
in less than 20-40 hours, or for skills that areal@racterized by integrated sets of
constituent skills (van Merrienboer, 1997; Wightn&hintern, 1985). Moreover, as noted
by Mayer (1998), mastering each component skilloisenough to promote non-routine
problem solving. Additional two prerequisites fapplem solving include the ability to
control and monitor cognitive processes, or metisskind the problem solver’s will (Mayer,
1998). While those additional prerequisites apjre&agné conditions for learning as
cognitive strategies and attitudes, it is not ctbat they are an integral part of problem
solving, or in Gagné’s terminology, higher ordderu Finally, as noted by Jonassen (2000b),
even though Gagné acknowledged problem-solvingdifieult task, it is not considered as
an outcome by itself on Gagné taxonomy; “a highideorule is still a rule and differs only

in complexity from the simpler rules that compas€Gagné & Driscoll, 1988, p. 52).

Constructivism

According to van Merrienboer (1997) there has leeshift in the field of
instructional design from instructivist approack@sards constructivist approaches.
Instructivist approaches correspond to the episkegneal beliefs of objectivism, assuming
that the role of knowledge is to represent theweald, and that reality is objective. Thus,
meaning is determined by the real world and isrexzleo the learner. It is also assumed that
knowledge can be transferred or transmitted fraawhers or other technologies to the
learners. Gagné's instructional theory as welltagminstructional theories described in the

previous section (e.g., programmed instructionjesgnt instructivist approaches.

Constructivist approaches on the other hand asedapon the epistemological
foundation of interpretivism, assuming that theerof knowledge is to reflect our personal
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understanding and beliefs about the real world,thatreality is constructed, multiple, and
holistic (Driscoll, 2005). According to construdswm, the construction of cognitive schemata
results from both interaction with the world andtpaxperiences and beliefs (van
Merrienboer, 1997). Thus, knowledge is subjectivé the knowledge of different learners
may represent a different reality. Importantlyisialso assumed that knowledge cannot be
transmitted; therefore, instruction should incled@eriences that facilitate knowledge

construction.

Considering learning goals, unlike the objectigigproach that focuses on analyzing
and defining the objectives that the learner muastk the constructivist approach
emphasizes learning in context. As stated by Jenad®9), “The fundamental difference
between constructivist learning environments arjdattyist instruction is that the problem
drives the learning, rather than acting as an exawfithe concepts and principles previously
taught. Students learn domain content in ordeoleesthe problem, rather than solving the
problem as an application of learning” (Jonass8891p. 218). Moreover, unlike
objectivists, constructivists also believe learrgrsuld identify and pursue their own
learning goal. Consequently, constructivist cowdisi for learning emphasize the use of rich,
realistic, authentic learning environment that ¢sinsf social negotiation and encourage

ownership in learning (see Table 2.4).

Table 2.4 Constructivist Conditions for Learningi@goll, 2005)

Conditions for learning
1. Embed learning in complex, realistic, and retg\environments
2. Provide for social negotiation as an integrat palearning
3. Support multiple perspectives and the use ofipielmodes of representation.
4. Encourage ownership in learning.
5. Nurture self-awareness of the knowledge constmugrocess.

Practical constructivist educational approacheasftbcus on authentic tasks include
the case-based method (e.g., Williams, 1992), proddased learning (Hmelo-Silver, 2004),
open-ended learning environment (OELE) (Hannafial),HL.and, & Hill, 1994), goal-based
scenario (GBS) (Schank, Berman, & MacPerson, 132@hitive apprenticeship learning
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(A. Collins, Brown, & Newman, 1989) and collabovatiproblem solving (Nelson, 1999).
Jonassen (1999) presented a generic model forrdegigonstructivist learning environment
(CLE), which describes the essential componentssti@uld be included in such an

environment (see Figure 2.5).

6. Social/
Contextual Support

A. Modelin
ng C. Scaffolding

Collaborative Tool

4. Cognitive Tool

1.1. Context
1.2. Represent
1.3. Manipulati

1)

B. Coachirf

Figure 2.5 Jonassen’s Model for Designing Consingt Learning Environments (CLE)
(Jonassen, 1999)

According to Jonassen (1999, p. 218) “the focusnyf CLE is the question or issue,
the case, the problem, or the project that learaiesnpt to solve or resolve”. Thus, the
model starts with a problem as the focus of therenment, with support systems
surrounding it. Those systems include related casdsnformation resources to support
understanding, cognitive tools (e.g., visualizatiools) to help learners interpret and
manipulate aspects of the problem, conversatidafotative tools (e.g., discussion boards)
to enable communities of learners negotiate andtoact meaning, and social/contextual
support systems (e.g., workshops for teachersglfmusers implement the CLE. In addition,
learners should be provided with instructional supghrough modeling, coaching, and

scaffolding.
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Cognitive Load Considerations

With respect to cognitive load considerations,starctivist learning environments
call for complex, realistic, and relevant enviromtse Even though Jonassen (1999) included
recommendations for task difficulty adjustmenthie form of scaffolding, he also indicated
that “most educators believe that ‘authentic’ metias learners should engage in activities
which present the same type of cognitive challergehose in the real world” (Jonassen,
1999, p. 221). Moreover, according to many constrists simplifying tasks for learners will
disable them to learn how to solve the complex lgrols they will face in real life (Driscoll,
2005).

On the one hand, authentic tasks, which integlidterent knowledge, skills, and
attitudes, can help the learner to construct arsakee which in turn can reduce working
memory load (van Merrienboer & Sweller, 2005). @a other hand, in a real-world complex
problem the intrinsic cognitive load may be toohhigr novice learners and not leave them
with enough resources for schema constructioma#t found that using highly complex
learning tasks from the start have negative effextearning, performance, and motivation
(Sweller, van Merrienboer, & Paas, 1998). This esnavas also raised by Dick, “Why are
constructivists not concerned that the gap wiltdmegreat between the schema of some

students and the tools and information that theypaovided?” (Dick, 1991, p. 43).

Motivational Considerations

Jonassen’s CLE puts a lot of emphasis on motinatissues. In particular, it uses
emotional support system in the form of modelirggahing, and scaffolding (that also
provide cognitive support). Returning again to Bauacs social cognitive theory (Bandura,
1977a, 1986), self-efficacy, which is an import@adtor of motivation, is based on four
principal sources of information: actual experiengearious experiences, verbal persuasion,

and psychological state.

Consistent with the idea of vicarious experiencasgeling provides learners with an
example of the desired performance: “carefully destiate each of the activities involved in
a performance by a skilled (but not an expert)grener” (Jonassen, 1999, p. 231). Another
means to support learners is providing them cogchihe motivational role of coaching is
consistent with Bandura’s idea of verbal persuasidsing motivational prompts, the coach

should boost the learner’s confidence levels, gappgcluring the early stages of the
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problem. Another motivational function of the coaelates to Bandura’s idea of outcomes
expectancy: “A good coach relates the importandbefearning task to the learner. In case
the learners are not immediately engaged by thielggmg the CLE coach needs to provide
learners a good reason for becoming engaged” (3ena$999, p. 233). Related to
Bandura’s idea of actual experience, a third emalisupport system suggested by Jonassen
is scaffolding, designed to provide temporary framks to support learning and student
performance beyond the learners’ capacity by adigisask sequencing and difficulty. The
system can perform part of the task for the styddrgnge the nature of the task, or impose

the use of cognitive tools.

With regard to interest as source of motivatibe, ise of authentic and relevant
problems is very likely to contribute to an inteneg learning experience. Furthermore,
Jonassen emphasizes the importance of learnergrehip of the problem: “problem should
not be overly circumscribed. Rather, it shouldlbdéfined or ill-structured, so that some
aspects of the problem are emergent and defingitleeearners. Why? Without ownership
of the problem, learners are less motivated toesotwesolve it” (Jonassen, 1999, p. 219).

Appropriateness for Problem Solving

In summary, authentic tasks, which are the hddaheoconstructivist approach, can
help the learner to construct a schemata, whichre@dunce working memory load (van
Merrienboer & Sweller, 2005). Moreover, authenéisks provide an interesting and
motivating environment. Even though Jonassen (199§gested a cognitive and emotional
support system, he also suggested that learnensdséiogage in activities which present the
same type of cognitive challenges as those indghkworld. Nevertheless, real-world
complex problem intrinsic cognitive load may be togh for novice learners and not leaving

them enough resources for schema construction.

Acknowledging the assumption of instructional dagihat different learning
outcomes necessitate different conditions of legynionassen (2000b) himself criticized
constructivist learning theories stating that “tmegommend instructional strategies, such as
authentic cases, simulations, modeling, coachind saaffolding to support their implicit
problem-solving outcomes, but they inadequatelyyaezor explicate the nature of the
problems to be solved.” Jonassen also noted thes@ie not appropriate for all learning

outcomes. Furthermore, Jonassen (1997) even recodeti@n instructivist approach for
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teaching well-structured problems (see Figure 2@fing that while instructional design for
well-structured problems is rooted in informatiomgessing theory, instructional design for
ill-structured problems shares assumptions withsttativism and situated cognition.
Jonassen also noted that “while objectivism andtantivism are usually conveyed as
incompatible and mutually exclusive...| prefer tonthiof them as complementary design
tools (some of the best environments use combmatd methods) to be applied in different
contexts” (Jonassen, 1999, p. 217). Thus, given‘fnablem-solving” is not a single
outcome but rather there are various types of prob| it is not quite clear what type of

instructional strategy should be used for a giveablem.

In the next section a new line of instructionahtgies that, like constructivism, have
authentic problems as the starting point of instomg yet are closer to the epistemology

foundations of instructivism in their preference fiirect instruction are presented.

Task-Centered Instructional Approaches for ProblemSolving

In this section, two task-centered instructionadels, Merrill's task-centered
instructional strategy (Merrill, 2007b) and the fmomponent instructional design (4C/ID)
model (van Merrienboer, 1997; van Merrienboer &d€hner, 2007) are presented. Those
two models share several unique elements thahdissh them from traditional instructional
strategies as well as from constructivist instu@i strategies. Specifically, both of the
models: (a) are specifically designed for the paepof teaching complex problem-solving
skills (b) are a content-centered modificationrafiitional instructional design in which the
contents-to-be-learned are specified first (c) emsje teaching in the context of concrete
real world tasks (d) recommend direct instructiothie context of authentic, real-world
problems or tasks.

Merrill's Task-Centered Instructional Strategy

Merrill's (2007b) Task-Centered Instructional $&gy brings together several
theoretical frameworks to create a multi-strandtetyy intended for teaching how to solve
real-world problems or for how to complete real-ldertasks. The frameworks include the
first principles of instructions (Merrill, 2002&aje pebble-in-the-pond approach to
instructional design (Merrill, 2002c¢), taxonomyleérning outcomes (Merrill, 1997), and
Component Display Theory (Merrill, 1983, 1994). Tthek-centered instructional strategy as
suggested by its name emphasizes teaching in tliextmf a concrete real world task. At the
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same time, it is different than the problem-cerdenstructional methods described in the
previous section. “A task-centered instructionedtstgy is not the same as problem-based
learning. A task-centered instructional strategg ferm of direct instruction but in the
context of authentic, real-world problems or tasddérrill, 2009, p. 13).

In terms of learning outcomes, Merrill (e.g., 1p#ientified five kinds of learning
outcomes, each consisting of knowledge and skiimmnents (see Table 2.5). The five
learning outcomes include information-about, paftskinds-of (concept), how-to
(procedure), and what-happens (process). Whileuictsbn can result in each of the five
learning outcomes, Merrill noted the only learnmgcomes that can be considered as
generalizable skills (i.e., skills that can be #&aplto two or more different specific situations)
are concept classification (or kinds-of), execut@ngrocedure (or how-to), and predicting
consequences or finding faulted conditions in tkecations of a process (or what-happens)
(Merrill, 2009).

Table 2.5 Knowledge and Skill Components for DifarLearning Outcomes (Merrill,
2007b)

Learning Remember Information Apply Information to Portrayal

Outcome (knowledge) (skill)

Info- Remember the description of an entity  Given a dgi$en recognize a given

about instance of an entity

Parts-of Remember the names and descriptionFor a given entity, locate the parts in
of the parts of an entity the context of the whole

Kinds-of Remember the definition — the propertZlassify examples-identify entity
values that define a class of entity portrayals that belong to a specific class

of entity
How-to = Remember the steps- a sequence of Do the task- execute the actions in
action names or descriptions sequence
What- Remember the name, description, Given the conditions predict a
happens conditions and consequence for the consequence or given a consequence
process find missing or faulted conditions

In his Component Display Theory (Merrill, 1983949, Merrill identified four
primary instructional strategy forms: presentafj@t), demonstration (show), recall (ask),
and apply (do) (see Table 2.6). Those forms cambesented by either information or
portrayal (i.e., actual application\example of itf@rmation). While information is general,
inclusive, and applicable to many specific situasioportrayal is specific, limited, and

applicable to one case or a single situation (MeR007b). Thus, information can be
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presented (tell) and recalled (ask), and a portieg/abe demonstrated (show) and submitted

to application (do).

Acknowledging that “different kinds of knowledgedaskill each require different
conditions (strategies) for learning” (Merrill, 1B9. 1), Merrill indicates consistent
information and portrayal for each instructionatamme. Effective instructions for each
learning outcome should include all the compondetribed in the table. Merrill further
defined &knowledge objecivhich is “a framework consisting of containers ddferent
kinds of general information and specific portraydhe knowledge components) that are
required for instruction” (Merrill, 2007b, p. 10)he same knowledge object can then be used
for a wide variety of different topics within a gabt matter (Merrill, 1998, 2001).

Table 2.6 Component Display Theory: Instructionahtggies for each Instructional
Outcome (Merrill, 2007b, 2009)

INFORMATION PORTRAYAL
PRESENT RECALL DEMONSTRATE APPLY
(TELL) (ASK) (SHOW) (DO)
Info-about Tell information Recall - -
information
Parts-of Tell location Recall location| - -
Kinds-of Tell the Recall the Show several Classify new
definition definition specific examples examples
How-to Tell the steps | Recall the steps Show the Carry out the
and their and their procedure in procedure in
sequence sequence several different | new situations
situations
What-happens Tell the Recall the Show the process Predict a
conditions and| conditions and| in several differenf consequence or
consequence | consequence situations find faulted
involved in the | involved in the conditions in
process process new situations

The first principles of instructions (Merrill, 208, 2007a, 2009) emerged as a result
of an effort to identify prescriptive instructiondé¢sign principles that are common to the
various instructional design theories regardlegh@it philosophical orientation. Noting that
“instruction in the context of complex, authentieal-world tasks was critical part of an
engaging instructional strategy” (Merrill, 2007b,8), the first principles of instruction

describe a cycle of instructional phases consigifractivation, demonstration, application,
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and integration all within the context of real wbdroblems or tasks (see Figure 2.6).
Specifically, the first principles of instructiondicate that: “(1) Learning is promoted when
learners are engaged in solving real-world problg&)sLearning is promoted when existing
knowledge is activated as a foundation for new Kedge, (3) Learning is promoted when
new knowledge is demonstrated to the learner, é&yhing is promoted when new
knowledge is applied by the learner, and (5) Leayms promoted when new knowledge is
integrated into the learner’s world” (Merrill, 2082pp. 44-45).

5. INTEGRATION 2. ACTIVATION
Learning is promoted when learnerg Learning is promoted when learners
integrate their new skills into activate relevant cognitive structures

everyday life

1. TASK
4. APPLICATION 3. DEMONSTRATION
Learning is promoted when learnerg Learning is promoted when learners
apply their newly acquired observe a demonstration of the skills
knowledge and skill to be learned

Figure 2.6 Merrill's First Principles of InstructiqMerrill, 2002a)

The main purpose of component display theory (Met©83, 1994, 1997)
previously described is to provide instructionahtggies that are consistent and most
effective for the different types of learning outoes. Component display theory can be
implemented successfully within task-centered utions; nevertheless, since its focus is on
teaching individual skills, it is also possibletiaplementation of its guidelines will
eventually result in topic-centered instructionsstprinciples of instructions (Merrill,
2002a), on the other hand, provide prescriptiveruictional design principles with a focus on
task-centered strategy; nevertheless, this themeg dot provide instructional strategy
guidelines with respect to specific learning outesimin addition, it is also not obvious how
it can be implemented within the framework of mtelitional instructional system
development (ISD) models. To bridge this gap, tekldRe-in-the-Pond instructional design
model (Merrill, 2002c¢) is a modification of moradlitional ISD with a purpose to facilitate

integration of the first principles of instructioasd component display theory into a task-
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centered instructional design model. Tradition& i8odels start with specifying the
objectives during the early analysis phase, whikxgying the actual content to be taught
occurs only later in the development phase. Inrestitthe Pebble-in-the-Pond model
specifies the content to be taught in the firgd skeough identifying a collection of real

world tasks that will later form the actual contehthe instruction (see Figure 2.7).

1.Whole Tas/

2. Progression
3. Components
4. Strategy

5. Interface

6. Production

Figure 2.7 Merrill's Pebble-in the-Pond ApproacHrstructional Design (Merrill, 2007b)

In the second phase a progression of complets task increasing complexity is
specified. In the third phase, using the previoaggcribed learning outcomes taxonomy (see
Table 2.5), the components knowledge and skilthe$e tasks are specified. In the fourth
phase, component display theory (see Table 218dd to specify the instructional strategy.
Figure 2.8 illustrates the traditional topic-ceetéapproach to presenting these components,
whereas Figure 2.9 illustrates how the same compsman be sequenced around tasks in
the task-centered instructional strategy. Thu§jgure 2.8, the sequence is topic 1
(presentation, presentation, practice, presentgti@ctice), topic 2 (presentation, practice,
presentation, presentation, practice), and so @revin the end there is a final practice that
incorporates elements of all the topics. In Figu&the sequence is task A (presentation of
the task, 4 presentations that refer to all thecgyollowed by task A that consists of 4
practice elements), task B (presentation of thie apresentations that refer to topic 1 and

topic 3 followed by task B that consists of 4 praelements), and so on.
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Traditional (topic-centered) Curriculum Sequence
Presentatic  Practice or Te Final Proiec

R
Topic ] ===y =—f r—
Topic 2 =i —  m—
Topic & =——pp ————  m—
TOpIC £ ey — r—

Figure 2.8 Traditional Topic-Centered InstructioB#iategy (Merrill, 2007b)

Task-Centered Instructional Strategy

1. Show a new whole task

2. Present topic components specific to the task

3. Demonstrate the topic components for the task

4. Show another new whole task Learners ard

5. Have learners apply previously learned topic poments to the task. able to

6. Present additional topic components specifibiotask. complete a

7. Demonstrate the application of these addititmaic or components new task

8. Repeat apply, present, demonstrate cyceps «7) for subsequent tas. /\vithout furthe
instruction

Topic 1 —E@ @ D

Topic 2

Topic ¢
Topic ¢ —

Figure 2.9 Merrill's Task-Centered Instructionatedegy (Merrill, 2007b)

The Four-Component Instructional Design (4C/ID) Mockl

The four-component instructional design model (B&hodel) was developed
specifically for the design of training programs é@mplex skills (van Merrienboer, 1997). It
resembles Merrill's Pebble-in-the-Pond approacmamy aspects and especially in the sense
that the contents-to-be-learned and not the altde@ming objectives are specified first.
According to van Merrienboer (1997), complex leagnis always involved with achieving
integrated sets of learning goals (i.e., multiptefprmance objectives). It has little to do with
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learning different skills separately as seen iditr@nal models, but rather with coordinating
and integrating the separate skills that compesé-life task performance. Thus, the 4C/ID
model focuses on the integration and coordinatefbpeance of task-specific constituent

skills rather than on knowledge types.

Constituent skills are classified as eithenrecurrent(novel effortful) orrecurrent
(routine). The fundamental learning process forraoarrent skills ischemata constructions
whereas the fundamental learning process for rectskills isrule automation The
combination of those two learning processes prormatesfer of learning, or in other words
the ability to apply the complex cognitive skillanwide variety of new real-life situations
(van Merrienboer, Clark, & de Croock, 2002). Mopedifically, schematare constructed
through presentation of mental models, cognitivatsgies, and cognitive feedba&ule
automationis achieved by two processes betognpilation(learning the rules and
procedures) anstrengtheningachieving automaticity by increasing the strerafth rule

each time it is successfully applied) (Andersor8§3,9993).

To implement those learning strategies, the 4@iliRlel proposes four interrelated
components that are central to complex learning.féhr blueprint components refer to: (a)
learning tasks, (b) supportive information, (c)gedural\just-in-time (JIT) information, and

(d) part-task practice (see Figure 2.10).
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Garning tasks \ (Part—task practice \

- aim at integration of (non-recurrent and recutyen -provides additional practice for selecregurrent
skills, knowledge, and attitudes constituent skill to reach required level of

- provide authentic, whole-task experiences based automaticity

real-life tasks -provides a huge amount of repetition

- are organized in easy-to-difficult task classes -only starts after the recurrent aspect has been

- have diminishing support in each task class introduced in the context of the whole task (i.e.,
(scaffolding) in a fruitful cognitive context)

- show high variability of practice \ /

[ o _ _ \ [Procedural (JIT) information \
Supportive information -prerequisite to the learning and performance of
-supports the learning and performanceaf- recurrent aspects of learning tasks or practice items.
recurrent aspects of learning tasks -consists of information displays (e.g., step lgpst
-consists of mental models , cognitive strategies a instruction), demonstrations and instances ancective
cognitive feedback feedback
-is specified per task class -is specified per recurrent constituent skill

Cs always available to the learn ) -presented when needed and quickly fades away as

learners acquire expertise.

- /

Figure 2.10 A Graphical View on the Four Componefas Learning Tasks, (b) Supportive
Information, (c) Just-in-Time (JIT)\Procedural Infation, and (d) Part-Task Practice.
Adapted from (van Merrienboer, Clark, & de Croo2R02) and (van Merrienboer &
Kirschner, 2007)

Component 1: Learning Tasks

Schema construction is promoted throlggrning taskswhich are concrete,
authentic, whole-task experiences that aim atriteggration of skills, knowledge, and
attitudes. A sequence of learning tasks (repredeageircles in Figure 2.10) provides the
backbone of the 4C/ID training model for complearteéng. These tasks can take many
forms, including case studies, worked-out exammes)pletion problems, and conventional
problems in which the learners need to find thetsmh themselves. Task classes
(represented as dotted rectangles around thesjiite used to define simple-to-complex
categories of learning tasks. Learning tasks withexsame task class are equivalent to each

43



CHAPTER II: LITERATURE REVIEW

other in the sense that they can be performedebdkis of the same body of knowledge
(i.e., mental models and cognitive strategiespaddition, learning tasks within the same task-
class are characterized by high variability (id&ferent problem situations), and by
diminishing learner support or “scaffolding” (supps represented by the dark area within
each task). Learning tasks promote schema constnuait nonrecurrent skills by inductive
processing — “constructing schemata through minalistraction from the concrete
experiences that are provided by the learning tgstas Merrienboer, Clark, & de Croock,
2002, p. 43).

Component 2: Supportive Information

The second componesypportive informationis described as the body of
knowledge that is supportive to the learning andiopeance of non-recurrent aspects of the
learning tasks, which are the aspects that rege@goning or problem solving. It is the
information or “theory” which is often presentedsitudy books and lectures. The
information should be presented in ways that eragistudents to connect newly presented
information to already existing schemata, thus aginyg the students in the process of
elaboration In concrete terms, this information explains redomain is organized (i.e.,
mental models) and how problems in that domair{@rehould be) approached (i.e.,
cognitive strategies). As noted by van Merrienbt&ieprovides the bridge between learners’
prior knowledge and the learning tasks” (van Metbieer, Clark, & de Croock, 2002, p. 43).
Supportive information is defined per task claseeathan per learning task since all
learning tasks within the same task class refleetsime body of knowledge. The supportive
information provides an addition to or an elabanatf the previous information for each

subsequent task class.

Component 3: Procedural Information (Just-in-Timé&lkmation)

The third componenprocedural informationalso nameglst-in-time informationn
earlier versions of the model (van Merrienboer,7)9% primarily concerned with
constituent skills that have been classifiedemsirrent that is, routine aspects that can be
performed according to domain-specific rules orcptures, and that are performed in a
highly similar way over different problem situatearConcerned with the processrolie
automation procedural information provides step-by-step kigolge that is necessary to
perform the recurrent skills (i.ecompilatior) and is typically provided during the first

learning task for which that skill is relevant ahén faded away for subsequent learning
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tasks. The process of forming the rules througbtpais facilitated when the relevant
information becomes available to the working menmmgcisely when learners need it, or
Just-in-Time (JIT). JIT information is organizedsmall units called information displays,
which help to prevent processing overload duriragpee. Information displays include

description of the rules along with demonstratiastances (van Merrienboer, 1997).

Component 4: Part-task Practice

In the last componenpart-task practicepractice items are provided to learners to
help them reach a very high level of automatioitlyselected routine aspects of a task, which
is typically achieved through huge amounts of rnépetand include compilation and
subsequent strengthening. Part-task practice ¢atissafter the routine aspect has been
introduced in the context of a whole, meaningfakteng task (van Merrienboer, Clark, & de
Croock, 2002).

The Ten Steps to Complex Learning

The 4C/ID model was formally presented in 199%mbooKTraining Complex
Cognitive Skillfvan Merrienboer, 1997). Even though the book welt received in the
academic field of learning and instruction, it veasicized by practitioners in the field of
instructional design of being hard to systematycdésign educational programs based on the
four components. Consequently, published in 200 bbokThe Ten Steps to Complex
Learning(van Merrienboer & Kirschner, 2007) presents undional design process that
complement the 4C/ID model and that can be moriéyassed and understood by students,
practitioners (both instructional designers andhegs) and researchers. The ten steps and
their corresponding component of the 4C/ID aregmed in table 2.7. Visiting back on
Merrill's Pebble-in the-Pond approach to instructibdesign (see Figure 2.7) it is interesting
to notice a clear resemblance between the modétls ffve first 3 steps identical). Indeed
van Merrienboer and Kirschener noted that “M. DaMiekrill (2002a) proposed a pebble-in-
the-pond approach for instructional design thétliy consistent with the Ten Steps” (van
Merrienboer & Kirschner, 2007, p. 33) and that Mesrpebble-in-the-pond principle was
used as a framework for ordering the activities thie Ten Steps (van Merrienboer &
Kirschner, 2007).
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Table 2.7: Four Blueprint Component of 4C/ID and Tren Steps (van Merrienboer &
Kirschner, 2007)

Blueprint Component of 4C/ID Ten Steps to Complex karning

Learning Tasks 1. Design Learning Tasks

2. Sequence Task Classes

. Set Performance Objectives

Supportive Information . Design Supportive Information

. Analyze Cognitive Strategies

. Analyze Mental Models

Procedural Information . Design Procedural Information

. Analyze Cognitive Rules

Ol 0| Nl O g | W

. Analyze Prerequisite Knowledge

Part-task Practice 10. Design Part-task Practice

Cognitive Load Considerations

Similar to constructivism, Merrill's task-centergdtructional strategy and the 4C/ID
model use real-world tasks as the backbone ofucstn. As mentioned before, authentic
tasks, which in nature integrate different knowkedskills, and attitudes, can help the learner
construct a schemata, which can reduce working metoad (van Merrienboer & Sweller,
2005). “Acquiring knowledge and skill components oficontext makes it very difficult for
learners to form mental models about how this miation applies in the real world.
Acquiring this skill in the context of whole tasksakes it more likely that learners will form
mental models for how these individual skills areegrated into a complete performance”
(Merrill, 2007b, p. 15). Nevertheless, in real-vebcomplex problems intrinsic cognitive load
may be too high for novice learners; not leavirgmlenough resources for schema
construction (Sweller, van Merrienboer, & Paa€8)9

To control thantrinsic cognitive loadassociated with real-world problems or tasks,
both models propose progression from simple to ¢exasks. van Merrienboer and
Kirschner (2007, p. 23) indicated that “intrinsmgoitive load is managed by organizing the
learning tasks in easy-to-difficult task classes. [Earning tasks within an easier task class,
less elements and interactions between elementstadx® processed simultaneously in
working memory; as the task classes become morgleanthe number of elements and
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interactions between the elements increases”. LisgesviMerrill (2007b, p. 9) indicated that
“in a good progression each succeeding task is cmrglex than the preceding task...To
manage cognitive load it is advisable to introdacky a limited number of new components
or revised components for each succeeding task”.

In addition, several strategies are proposed éyrthdels to contra@xtraneous
cognitive load For example, in the 4C/ID model several recomra@nds are provided to
control extraneous cognitive load: (a) providinigige amount of support and guidance
(“scaffolding”) for the first learning task(s) intask class, which decreases as learners gain
more expertise (“fading”), (b) supported informatishould be presented before and not
while working on the learning tasks, and shoulébeessible to the learners during the
practice. “Simultaneously performing a task andlgitug the information would almost
certainly cause cognitive overload” (van Merrienb&eKirschner, 2007, p. 23), (c)
procedural information should be presented precisgen learners need it (JIT) because it
typically has lower element interactivity than sagpve information and also because
studying this information forehand has no addedeahnd (d) part-task practice should be
used to automate particular recurrent aspectofrglex skill, which may decrease the
cognitive load associated with performing the wHebgning tasks and decrease the chance

of making errors due to cognitive overload.

Furthermore, both of the models recommend sequgnearning tasks in variable
order to increasgermane cognitive load his variability is also referred to asntextual
interference which is “a type of variability in which contexlfactors inhibit a quick and
smooth mastery of a skill” (van Merrienboer & Kimser, 2007, p. 279). In low contextual
interference the learning tasks are presentedlocked order (e.g., a-a-a, b-b-b, c-c-c),
whereas in high contextual interference the legrtésks are presented in a random order
(e.g., b-a-c, b-b-a, c-a-c). Thus, when adjacarhiag tasks cause learners to practice
different versions of constituent skills, it is déinatcontextual interferences high. Even
though high contextual interference increase cognlbad during training, it also improve
transfer performance (van Merrienboer & SwellelQ20 The high variability is necessary to
promote the development of rich cognitive schematach increase schema-based transfer
from training to the real world (van Merrienboefafk, & de Croock, 2002).
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Motivational Considerations

Inherent to both the 4C/ID and the Peddle-in-tbedPmodels is management of
student’s self-efficacy. According to Bandura (19§6dgments of self-efficacy are based on
four principal sources of information being actegperience, vicarious experiences, verbal
persuasion, and psychological state. First, beisg-tentered, both of the models provide
extensive actual experience. However, unlike cactitrism, taking into account that using
highly complex learning tasks from the start haggative effects on learning, performance,
and motivation (Sweller, van Merrienboer, & Pa&@98), both of the models propose
progression of tasks from simple to complex, thesigng that the actual experience is truly
a positive experience, and that the psychologied ©f the students is kept positive.
Vicarious experiences is also suggested by vaniétdroer et al. (2002, p. 46), for example:
“Highest process-oriented support is provided Inyaaleling example, which confronts the
learner with an expert who is performing the tasét simultaneously explaining why the task

is performed as it is performed”.

Both Merrill (2007b) and van Merrienboer (1997yiaute high intrinsic motivational
value to the inherent task-centered charactewstibeir models. According to Merrill
(2007b), traditional instruction is often not clegth regard to how the knowledge and skill
components will eventually be applied (“you wonftderstand it now but later it will be
really important to you...”), causing the instructitmnlack the necessary relevance for the
learner. Merrill also noted that “Current instractiliterature has much to say about the
importance of motivation. Often glitz, animationyitmedia, and games are justified as
motivational elements of an instructional proditbwever, for the most part, these aspects
have temporary effect on motivation” (Merrill, 2G02. 50). Instead, according to Merrill,
“The real motivation for learners is learning...Wheselearners acquire new skills, their
first desire is to show a close friend or assodiagér newly acquired ability. Learning is the
most motivating of all activities when the learcan observe his or her own progress”
(Merrill, 2002a, p. 50).

Likewise, van Merrienboer (1997, p. 32) noted ttatr whole-task practice, intrinsic
motivation (natural satisfaction with task accorapinent) will usually be relatively high,
because there is a clear resemblance betweengaracti post-instructional performance”.
Moreover, the high intrinsic motivation “diminishége need for extrinsic motivation such as

explicit praise, encouragement, and incentivesuth extrinsic motivators are used, they will
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typically concern the recurrent aspects of whosk-t@erformance” (van Merrienboer, 1997,
p. 260).

In summary, both of the models inherently provadenteresting and engaging
environment, and at the same time manage the uliffitevels of the tasks, thus assuring
high self-efficacy. These inherent motivational reftderistics are contrary to a more
traditional instructional strategy. For examplethe conditions of learning (see Table 2.2)
Gagné provides motivational guidance for attitu@eg., “establish an expectancy of success
associated with the desired attitude), neverthetastivational considerations are not
inherently build into the nine events of instruosgsee Table 2.3). In the task-centered
approaches described in this section on the otlnaul, ithe motivational aspects of the models
are truly inherent to the models structure, thakowing the basic guidelines of the models

are sufficient to cover the motivational considienas as well.
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Learning Programming

In considering Jonassen’s (2000b) classificatioproblems by structuredness,
programming is in most cases a well-structured lerabUsually all elements of the problem
are presented to the learner and require the apiplicof a limited number of regular and
well-structured rules. Yet, in terms of complexitg., the number of issues, functions, or
variables involved in the problem, the degree ofnsxtivity among those properties),
programming is a complex problems. Similar to pigychess, even though the number of
rules may be limited, and the problem is well defineach problem requires different
application of the language rules and may requgh level of creativity. In terms of domain
specificity, even though each language may haverdiit rules, there are abstract schemas
that are valid across programming languages (e concept of class hierarchy). Thus, one
of the characteristics of expert programmers isthmair familiarity with languages rules but
their ability to learn a new language in a shoriqeeof time, using their already established
schemas. Learning those schemas is usually achiek@egh experience and not explicitly
through instructions. In terms of Gagné’s taxonahlearning outcomes, programming is an
intellectual skill, which is the equivalent of pextural knowledge, and in particular higher
order rules (i.e., applying a new combination désuo solve a complex problem).

Consequently, novices who do not posses progragirelated schemas may
experience high cognitive load when attemptingetoh a new programming language rules,
as they cannot relate the language rules to alrerid$ing schemas. High cognitive load in

turn may decrease their self-efficacy, anxiety tnetefore motivation to learn.

Computer Self-Efficacy

As mentioned before, Bandura (1986, p. 391) ddfsudf-efficacy as “People’s
judgments of their capabilities to organize andcexe courses of action required to attain
designated types of performances. It is conceroedmy with the skills one has but with
judgments of what one can do with whatever skitls possesses”. Computer self-efficacy,
then, refers to “a judgment of one’s capabilityis® a computer. It is not concerned with
what one has done in the past, but rather withmetgs of what could be done in the future.
Moreover, it does not refer to simple componenskills, like formatting diskettes or
entering formulas in a spreadsheet. Rather, itrpawates judgments of the ability to apply

those skills to broader tasks” (Compeau & Higglt#95b, p. 192). Compeau and Higgins
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(1995b) further defined the dimensions of selfegttly in the context of computers. Those
dimensions include: (&Ylagnitude the level of capability expected (i.e., individgvith

high computer self-efficacy might believe that tloeyn accomplish more difficult tasks); (b)
Strength the level of conviction about the judgment; acpGeneralizability:the degree to
which the judgment is limited to a particular domaf activity (e.g., using a specific

software vs. using any software).

According to Bandura (1986), judgments of selfegify are based on four principal
sources of information being actual experienceanius experiences, verbal persuasion, and
psychological state. In accordance with Bandutzésty of self-efficacy, Compeau and
Higgins (1995b) found that an individual's selfieficy and outcome expectations were
influenced by encouragement of others in their wgrdups, as well as other’s use of
computers. In addition, they found that computdéreféicacy influenced actual computer
use, expectations of the outcomes of using compu@d emotional reactions to computers
such as anxiety. Several studies have revealgphidicant relationship between self-
efficacy and computer anxiety (e.g., Brosnan, 198&8er, 1985; Wilfong, 2004). For
example, Meier (1985) confirmed that high levelsaiputer anxiety reduce levels of self-
efficacy which in turn lowers computer-based perfance attainment. Thus, one of the
sources that determine the level of computer délfaey is the measure of computer anxiety

discussed next.

Computer Anxiety

Computer anxiety is commonly defined as emotideat related to computers when
using the computers, or when considering the poisgibf computer use (Chua, Chen, &
Wong, 1999). Computer anxiety is a kind of ‘stateiety’ as opposed to ‘trait anxiety’,
which can therefore be changed (e.g., Rosen, Skak&il, 1993). Anxiety concerning the
use of computers has been investigated and re@xsiace the early eighties (e.g., Brosnan,
1998; Cambre & Cook, 1985; Raub, 1981) and has laeenified in diverse populations
including computing students (Brosnan, 1998; CognMurphy, & Moore, 2009).
According to Bronson and Davidson (1994) aroundtbird of the individuals within most
populations and as high as 50% of college studexgsrience computer anxiety to some
degree, ranging from a preference not to use caanpt even palpitations at the thought of

using computers. Those findings have significarglications in both educational settings
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and the industry as technology is rapidly changind the use of computers in the classroom

has increased.

In terms of computer anxiety consequences, inrgér@gh anxiety states impair
performance. Students with high anxiety have |&estve study skills than students with
lower anxiety (Naveh-Benjamin, McKeachie, & Lin,8@ Topman, Kleijn, van der Ploeg, &
Masset, 1992), as they tend to devote cognitivaagpto off task efforts such as worrying,
thus reducing their available working memory tret be devoted for task performance. In
addition, individuals with high anxiety are more@pe to avoidance as a coping strategy
(Stipek, 2002; Zeidner, 1994). For example, Wed &wosen (1995) found that teachers’
avoidance of computers is caused by computer andetvertheless, there is lack of
consistency in the literature with respect to cgneaces. For example, Darke (1988) found
that anxious individuals spent more time on tablks did not necessarily make more errors.
Bronsan (1998) on the other hand found that compuneiety directly influenced the number
of correct responses. According to Bronson (199f) Jack of consistency between anxiety
and computer performance is due to the fact tHeeffecacy moderates this relationship

(i.e., anxiety predict levels of self-efficacy, whiin turn predict performance).

Individual Differences

According to Chua et al. (1999) the three mostroomy examined correlates to

computer anxiety are gender, age, and computeriexpge.

Gender Differences

There are inconsistent results with respect todlaionship between computer
anxiety and gender. Some studies report gendardiftes in computer self-efficacy and
computer anxiety with females reporting higher Is\ anxiety and lower levels of self-
efficacy (e.g., Bozionelos, 1996; Brosnan & Daviast©96; Chu & Spires, 1991; Miura,
1987; Raub, 1981; Rosen & Weil, 1995). Likewiseyeta-analysis of studies of gender
differences in computer-related attitudes and beh&Whitley, 1997) revealed that men and
boys exhibited greater sex-role stereotyping of maters, higher computer self-efficacy, and
more positive affect about computers than did woarahgirls. Nevertheless, other studies
found the relationship between anxiety and genaleetnon-significant (Carlson & Wright,
1993; B. T. Cohen & Waugh, 1989; Dyck & Smither94%
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Age

Contrary to common beliefs that computer anxistyasitively correlated to age,
many studies do not find this relationship to lmmdicant (e.g., Henderson, Deane, Barrelle,
& Mahar, 1995). Only studies with a very wide agrage, for example seniors citizens vs.
undergraduates, report a significant differencg. (&yck & Smither, 1994), where older age

is associated with higher computer anxiety.

Experience

There is little agreement in the literature orrecgse definition of computer
experience (Doyle, Stamouli, & Huggard, 2005). &iént studies investigated different
types of computer experience, which are not necgssalated to each other. For example,
researchers define computer experience by the nuohlyears of computer use, number of
computer courses, ownership of computers, anddahedusage per week (Chua, Chen, &
Wong, 1999; Doyle, Stamouli, & Huggard, 2005; Gad& Noyes, 2004).

Doyle et al. (Doyle, Stamouli, & Huggard, 2005ufml that when computer
experience increases, self-efficacy also increa$eseas computer anxiety decreases.
Likewise, according to a meta analysis by Chud. €1.899), in general computer anxiety is
inversely related with computer experience. Neae$s, experience was also found to
exacerbate an individual’s level of anxiety (Boztos, 2001). Of course, based on
Bandura’s (1986) self-efficacy theory, actual exgere is the most important factor to
influence self-efficacy, nevertheless the experestoould be positive in order to increase
self-efficacy. Unfortunately, for many people, #gerience with computers is negative,

thus it may negatively influence anxiety and sdfiicacy.

Training Method Effects

Computer training is widely recognized as an etsslecontributor to the productive
use of computer systems in organizations and ex&fe computer use (e.g., Benson, 1983;
Cheney, Mann, & Amoroso, 1986; Simon, Grover, Téa§yhitcomb, 1996). Nevertheless,
the preferred type of training is still debatedr Ewample, supporters of classroom training
claim that it is superior, since it is cost effeetwhereas supporters of individual training
methods, such as self-paced tutorials, claim tiegd methods are superior since they allow

individuals to progress at their own pace (Comp&#&liggins, 1995a). In this section studies
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that compare task-centered-like instruction today@ntered-like instruction for teaching

computer skills are reviewed.

One of the early instances of task-centered ioBtmi can be seen in behavior-
modeling training (BMT), which was developed in &#/70s and was grounded on Bandura’s
principles of Social Learning Theory (Bandura, 198977b). BMT is a task-focused method
that involves a visual observation of the behavadra model performing a task (Chou,

2001). The main characteristics of BMT include:egsenting a set of well-defined
behaviors (skills) to be learned, (b) providing ad®l(s) displaying the effective use of those
behaviors, and (c) providing opportunities for piae of those behaviors followed by
feedback (Taylor, Russ-Eft, & Chan, 2005). Thusidweor-modeling method “employs an
inductive approach that teaches by hands-on denadiosis first followed by complimentary
lectures” (Chou, 2001, p. 53). In contrast to tasktered instruction approaches described in
previous sections, the theoretical rationale foriBislgrounded in Bandura’s (1986) notion
of self-efficacy and in particular the notion tivatarious experiences of observing the
performance of others affect self-perceptions ti€afy leading to better performance.
Nonetheless, implementation of BMT results in instion that similar to task-centered
instructional strategies is content driven (i.lee task and not the abstract learning objectives

are specified first).

BMT has been applied in various areas such asmstservice skills, sales,
development of supervisory, as well as complex ageiraining (Taylor, Russ-Eft, &
Chan, 2005). Gist et al. (1988) found that behaimodeling training method yielded
consistently superior computer software masterypaoed with non-modeling approach. In
another study, Gist et al. (1989) found that betvavimodeling approach resulted in higher
self-efficacy scores, better computer softwaregrarance, more ease with the task, more
satisfaction, and less frustration compared toriait@approach. Furthermore, they found that
participants low in self-efficacy reported greatenfidence in their ability to master the
software training in the modeling compared with til@rial condition. Compeau and
Higgins (1995a) compared the effect of behavior efiad training program to a more
traditional, lecture-based program on self-efficamytcome expectations, and performance of
computer skills. They found that behavior modeliegulted in higher self-efficacy and

higher performance in Lotus 1-2-3 than the tradalanethod.
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Simon and Werner (1996) compared three approdotmsnputer training: behavior
modeling, self-paced study, and lecturing. Measafe®gnitive learning and skill
demonstration, as well as satisfaction were higtoediehavior modeling followed by the
self-paced condition. Furthermore, the results vgerelar for measures collected
immediately after training and 1 month after tragiSimon et al. (1996) compared
traditional (instruction and exploration) and nauwtlitional training techniques (behavior
modeling which was an enhanced combination ofucsitsn and exploration) with regard to
computer related training. Their results revealed hands-on training methods, in particular
behavior modeling, resulted in better retentiokrdwledge, better transfer of learning, and
higher end-user satisfaction. Likewise, Chou (2@@ihpared the effects of instruction-based
vs. behavior modeling training method and compatedety on learners' computer self-
efficacy and learning performance. He found thatliahavior-modeling training method

resulted in superior performance and higher conmmatié-efficacy.

Previous studies relating to van Merrienboer Q@A C/ID-model, have focused
mainly on investigating particular aspects of tki#IB-model, including problems
sequencing (e.g., Paas & van Merrienboer, 199frrmation presentation timing (e.g.,
Kester, Kirschner, van Merriénboer, & Baumer, 20@hd learning tasks optimal step sizes
(e.g., Nadolski, Kirschner, & van Merrienboer, 208&dolski, Kirschner, van Merrienboer,
& Hummel, 2001). However, they did not investigtte effects of the 4C/ID-model in
comparison to topic-centered instruction. The atilydy that compared the two approaches
was conducted by Lim et al. (2009) who investigdtedeffects of the two instructional
approaches and learner prior knowledge on leagwrigition and transfer of a complex
cognitive skill (preparing a grade book using Mewti Excel). The part-task condition
included a complex skill that was decomposed irgerges of smaller tasks, each of which
was demonstrated and practiced separately. Thesvtask condition, which was based on
the 4C/ID-model included the same complex skillahis time learners were exposed to the
entire complex skill from the beginning of the mstion and were required to complete a
series of whole tasks throughout the unit. Theyébthat the whole-task group performed
significantly better than the part-task group akidl acquisition test and a transfer test.
While Lim et al. found the 4C/ID-model superioreyhwere not able to determine which
element of the 4C/ID-model is responsible of itgesiority, as indicated by Lim et al. (2009,
p. 74), “future researchers may want to examinekvparticular aspects of the 4C/ID

approach facilitate student learning and trangecause the study examined, from a holistic
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perspective, the effects of an instructional progtased on the 4C/ID instructional
approach, it is uncertain what specific aspecthaif approach promoted student learning and
transfer.” In addition, Lim et al. did not includetheir study a measure of self-efficacy, thus,
it is not possible to determine whether performaacraediated and can be explained by

increase in self-efficacy.

A pilot study (see Appendix A) examined the effetinstructional strategy type
(part-task vs. whole-task) on acquisition of a ctergognitive skill — developing an
application in Flash using Actionscript. Of partenuinterest were the effects of the
instructional strategy type on task performan@mdfer, time on task, cognitive load, and
attitudes. Six females and four males volunteevguhtticipate in a pilot study that was
conducted online and were randomly assigned tabttee two conditions. Although the
observed differences were not statistically sigaifit, as hypothesized, participants in the
whole-task condition performed better on the module on a transfer test than participants
in the part-task condition. In addition, participam the whole-task spent more time on the
module and test and reported higher cognitive |d&dally, participants in the whole-task
condition were significantly more satisfied witlretmodule. Overall, the initial results
support the use of whole-task instructional stnafeg teaching complex cognitive skills. A
limitation of this pilot study is the fact that vidiin the whole task condition the content was
indeed presented in the context of a task, it ohetlonly one task and not a progression of
tasks from easy to difficult (see Figure A.2). &al, the progression was within the task,
thus, the learners first placed the relevant elertert, buttons, and a movie-clip) in the
Flash file, then they changed the characterisfieaoh element, and finally they wrote the
action script that connect those elements and bgdbat completed the whole task.
Although learning the content in the context odsktwas still beneficial, it is very likely that
completing three tasks that start with a simpl& {sist complete) and progress to more
complex tasks would have enhanced the studentsvatioin as well as their mental model
construction as their sense of accomplishment dsawé¢heir understanding of how the

elements relate to each other will be fulfilledliear
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Research Model and Hypothesis

The purpose of the proposed study was to inveastighether and why a task-
centered approach might be superior to a topicecedtapproach for problem solving
learning. As mentioned before, according to May&9g), successful problem solving
depends on three components: skill, metaskill,rantivation. According to Social Cognitive
Theory (Bandura, 1986), the effects of the envirenthon human behavior are assumed to be
mediated by cognitions with a continuous recipractdraction between the environment in
which an individual operates, personal factors, lagthvior. Accordingly, in the context of
the current study the environmental difference leetwthe conditions is the instructional
strategy, personal factors include motivational. (iself-efficacy, interest, anxiety) and
cognitive (i.e., prior experience) considerationbereas behavior can be viewed as the
observable performance. Unlike the original mdrleBandura (1986), in the context of this
study, the environment (i.e., instructional strgjdg predefined and cannot be altered by
personal factors and behaviors. Thus, the arroatsetkit the environment are unidirectional

(see figure 2.11).

Motivational
And Cognitive
considerations

(e.g., self-efficacy)

Environmen

Instructional Performane€
method

(topic/task centered

Figure 2.11 Application of Bandura’s Triadic Recipality
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The research model proposed below (see Figure &.52 elaboration of Bandura’s
triadic model above. According to the proposed rhdde reciprocal interactions are in the
heart of task-centered instructions: performancévaton (behavior-person) reciprocal
interaction and performance-cognition (behaviorspaj reciprocal interaction. These

interactions can be viewed as two positive feedlbaafs.

| Prior motivational state — Motivational considerations
_________________________ s Interes !
—» Outcome expectatio
l ' | Self-efficacy !
I —» 1) Actual experience |
—> ' | 2) Vicarious experience ! I
I .| 3) Verbal persuasion | I
: —» 4) Psychological state (Anxiety)) : |
Task-centered L R Rt v
instructions Y Performance
Cognitive considerations ‘
— ! | SchemeConstructiol !
....... b beeecasansl
FToTTTTTo STt | ' | Coanitive Loau !
. Prior experience S !
Lo e mmmmmmmmm o ! b )

Figure 2.12 Research Model

In theperformance-motivation looftlashed loop in Figure 2.12), the progression of
tasks from easy to difficult increases the liketidaf successful completion of each task.
Successful performance will positively influencé-sficacy through actual experience,
which is according to Bandura the most importantrse of self-efficacy. In turn, increased
self-efficacy will positively influence performancas mentioned before, high self-efficacy is
associated with longer persistence at tasks (BalsBauchard, 1990), effort put in
completing the task on hand (Bandura, 1986), usewstructive strategies for learning
(Pintrich & De Groot, 1990), and positive emoti@msl reduced fear and anxiety
(Zimmerman, 1995), all of which affect achievemeutcomes. Thus, each successful
performance will in turn increase self-efficacydagach increase of self-efficacy will

increase the likelihood of successful performanesylting in a positive feedback loop. In
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addition to self-efficacy, task-centered instructis likely to positively influence outcome
expectations as the learners get a very clear séis®v the tool (in this case Flash) can be
used to achieve their goals. Finally, the existasfaeal world tasks is likely to increase the
level of interest which is likely to result in bettperformance as “students think harder and
process the material more deeply when they aresisited rather than uninterested” (Mayer,
1998, p. 57). According to Mayer (1998), interstory is consistent with the practice of
teaching skills in context, which can be implemdritg using real world tasks as done in the
task-centered approach.

In theperformance-cognitive loofdlotted loop in Figure 2.12), authentic-tasks,clihi
characterize task-centered instructions, can Ihnepeiarner construct schemata not only of all
the components of the tasks but also of the waglifferent components interact with and
relate to each other. As noted by Merrill (200&mguiring a skill in the context of whole
tasks makes it more likely that the learners waithi mental models for how these individual
skills are integrated into complete performanceduin, schemas provide a mechanism for
knowledge organization and storage and help redwcking memory load, which may result
in better performance. The risk of authentic-taskbat the learner may be faced with
extremely high levels of cognitive load which wasrid to have negative effects on learning,
performance, and motivation (Sweller, van Merriegth@& Paas, 1998). This risk is
minimized in the task-centered approach by graglymtdgressing from a simplified version
of the whole-task to the final complex task. Iniéidd, the task-centered approach is
characterized by random practice schedule, orhiaratords, in each tasks the topics appear
in random order. According to van Merrienboer & 8lge (2005), it was found that high
contextual interference (i.e., a random practi¢teedale) increased cognitive load during
training nevertheless improved transfer performaiibes, improved transfer performance is

an expected outcome of the task-centered condition.

In addition to instructional strategy, other fastthat may influence performance in
the proposed model are prior motivational statef@rat experience. Prior motivational
state, and in particular computer self-efficacy aathputer anxiety are likely to predict
performance. Higgins (1995b) found that comput#refécacy influenced actual computer
use, expectations of the outcomes of using compuaed emotional reactions to computers
such as anxiety. Several studies have revealgphidicant relationship between self-

efficacy and computer anxiety (e.g., Brosnan, 198&er, 1985; Wilfong, 2004). In terms of
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computer anxiety consequences, high anxiety séagesonsidered to impair performance
(Naveh-Benjamin, McKeachie, & Lin, 1987; Topmangli, van der Ploeg, & Masset,
1992). For example, Meier (1985) found that higrele of computer anxiety decrease levels
of self-efficacy leading to lower computer-basedqenance.

Prior experience is also likely to influence penfance. In particular, it is possible
that an interaction will occur between prior expade and instructional strategy. As
described before, according to #vgertise reversal effe(Kalyuga, Ayres, Chandler, &
Sweller, 2003), the positive effect of reducing mitige load on learning is only true for
learners with very low level of knowledge or skili®., novices) (Kalyuga, 2007). It is not
clear however what will be the interaction in thegonsed study. While the task-centered
approach may decrease cognitive load through scleensdruction, it is not necessary that it
will lead to redundancy for experts. On the othemdh it is also possible that the task-
centered approach will increase cognitive loadtdube random practice schedule.
Therefore, no specific hypotheses were formulabvedeivel of expertise and instructional
strategy.

In summary, the task-centered approach is expéctexbult in higher performance
and transfer as well as higher motivation as meakhy Keller's (1993) Instructional
Materials Motivational Survey (IMMS). This survegrsists of four categories being
attention, relevance, confidence, and satisfacatrgf which are directly related to the
variables described above. Thus, attention andarte may increase due to the authentic
nature of the task; confidence may increase aseatdiutcome of the increased self-efficacy,
and satisfaction may increase as a consequenassivifvp performance experiences. Table

2.8 summarizes the derived research questionssautiated hypotheses.
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Table 2.8 Research Questions and Associated Hygeghe

Research questions and hypothesis

Research question 1

What are the effects of instructional strategylesntered vs. topic-centered) on: (1)
performance (skill-development performance, procksglopment performance (near and
transfer)), (2) cognitive load, (3) time on taskdd4) Attitudes (computer self-efficacy,
computer anxiety, and motivation)?

far

Associated hypotheses:
H.1.1 Learners who receive task-centered training vaifgrm better on the skill-
development test than learners who receive topiteced training.
H.1.2 Learners who receive task-centered training vatfgrm better on the process-
development test than learners who receive topiteced training.
H.1.3 Learners who receive task-centered training @plart lower cognitive load on
completing the test than learners who receive topitered training. No difference
the perceived cognitive load is expected for cotnpdethe module itself.

H.1.4 Learners who receive task-centered training widrel less time on the near and

far transfer process-development tests than lesmleo receive topic-centered
training. No time difference is expected for contipig the module and for the skill-
development test.

H.1.5 Learners who receive task-centered training wplart higher self-efficacy than
learners who receive topic-centered training.

H.1.6 Learners who receive task-centered training wblart lower computer anxiety
than learners who receive topic-centered training.

H.1.7 Learners who receive task-centered training witiress higher motivation
towards the training than learners who receivectgpntered training.

n

Research question 2

What are the relationships between computer anxeetyputer self-efficacy and: (1)
performance (skill-development performance, procksslopment performance (near and
transfer)), (2) cognitive load, (3) time on taskdd4) attitudes toward training?

far

Associated hypotheses:
H.2.1 Learners’ self-efficacy will be positively corréda to skill-development
performance test regardless of the training coomliti
H.2.2 Learners’ self-efficacy will be positively corréda to process-development
performance test regardless of the training cooliti
H.2.3 Learners’ self-efficacy will be positively corréda to lower cognitive load.
H.2.4 Learners’ self-efficacy will be positively corréda to better attitudes towards
the training regardless of the training condition.
H.2.5 Learners’ computer anxiety will be negatively etated to learners’ computer
self-efficacy.

Research question 3
Does self-efficacy mediate the effects of instiuadil strategy on: (1) skill-development

performance, (2) near transfer process-developpenftrmance, and (5) far transfer process-

development performance?
No specific hypotheses were formulated

Research question 4

Is there an interaction between learner’s levebgfertise and treatment condition with rega
to: (1) computer self-efficacy, (2) computer anyi€d) learners satisfaction (4) cognitive loa
(5) skill-development performance, (6) process-tgyeent performance (near and far
transfer), and (7) time on task?

No specific hypotheses were formulated
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Participants

Sixty five students (agel = 21.46 yearsSD= 4.1; 80% female) from a large
southeastern university in the United States veleir®d to participate in the study that took
place in a computer laboratory setting. Of theipigdnts 9 were freshmen, 18 were
sophomore, 21 were junior, 11 were senior, and i@ wsduate students. No prior
knowledge was required to participate in the stldhe participants were randomly assigned
to one of two conditiongach participant received $15 for his\her partitgrain addition to

two credit points for the College of Education sdbjpool.
Materials

All participants completed a two hours Flash medtkt took place in a computer
lab. An online module (see Figure 3.1 for a samspteenshot) was developed for each of the
study conditions (topic-centered and task-centedad)oth of the conditions, the module
included three sections, each consisting of thuésexctions (overall nine subsections). The
participants progressed from section to sectionlicking on the “next” button. While the
context of the instructions differs between comdisi (i.e., context of tasks vs. context of

topics), the description of procedural knowledgelentical for both of the conditions.
The complete modules can be viewed under:

http://myweb.fsu.edu/rr05/Dissertation/FlashModiElashStudy.html

Topic-Centered Condition
The participants in the topic-centered conditiompteted the module without task context;

and the sections were ordered by topics (see Tabje
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NeTview Topic 1 Timeline effects
Ovenview | Step 11 | Step 1.2 | Step 1.3

T
Movie Clips in Flash b
¥ Soena |

The first topic in this module will introduce you ta the concept of e
timeling in Flash =501 o it

B Layor | / [
In step 1.1, you will add frames and keyframes to a movie
In step 1.2, you will add simple ActionScript ("stop” and "play}to Bae T T L T g

the keyframes
In step 1.3, you will learn how to use labels

Mext

Figure 3.1 Screenshot of Topic 1

Table 3.1 Topics Covered in the Module by Order.

Topics:

1. Timeline effects
1.1 Using frames and keyframes
1.1.1 Adding image to a frame
1.1.2 Adding new keyframes
1.2 Adding ActionScript (stop, play)
1.3 Using Labels (gotoAndStop)

2. Text
2.1 Static text
2.2 Dynamic text — Properties
2.3 Dynamic text - ActionScript

3. Buttons
3.1 Creating a button from text (change over, down)
3.2 Creating a button from image + sound
3.3 Adding ActionScript to buttons.
3.3.1 on (press)
3.3.2 on (rollover, rollout)

Task-Centered Condition

Participants in the task-centered condition coteglé¢he module in the context of

three tasks (from easy to difficult), which detemed the order of the topics to be presented.

Table 3.2 describes which topics were covered ¢h ¢éask. The letters under the task

columns (i.e., a, b, etc.) represent the ordeopics within each task, and the numbers that

appear inside the brackets represent the stepthvih steps for each task. Following is a

detailed description of the three tasks.
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Table 3.2 Topics Covered in each Task.

Topic Task 1 Task 2 Task 3
1. Timeline effects
1.1 Using frames and keyframes
1.1.1 Adding image to a frame b (1) a(1) c(2)
1.1.2 Adding new keyframes c(2) d(2)
1.2 Adding ActionScript (stop, play) d(2) e(2)
1.3 Using Labels (gotoAndStop) f(3)
2. Text
2.1 Static text a(l) a(l)
2.2 Dynamic text — Properties b (1)
2.3 Dynamic text — ActionScript e(3)
3. Buttons
3.1 Creating a button from text (change over, e (3) b(1)
down)
3.2 Creating a button from image + sound c(2)
3.3 Adding ActionScript to buttons.
3.3.1 on (press) f(3) g(3)
3.3.2 on (rollover, rollout) d(3)

Task 1

In task 1, the participants created a slideshoanahals (see Figure 3.2). The topics

that were presented in task 1 and their order edgatation are described in Table 3.3.

Crvnrdtow | Task1
Qunden | Swott | Swpt2 | Swp13

Inthe Birst task you will creale & stide show of animals (Just like
the one on the right)

Each slide includes a taxt with the animars name, a pichure. and a
ot Btton.

Hexd

Figure 3.2 Screenshot of Task 1.
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Table 3.3 Order of Topics Presented for Task 1

Step 1 (a) Adding static text
(b) Adding image to a frame
Step 2 (c) Adding new keyframes
(d) Adding ActionScript (stop, play)
Step 3 (e) Creating a button from text
() Adding simple ActionScript (“on (press)”) tbé button
Task 2

In task 2, the participants created a virtual tipgtzoo” (see Figure 3.3, frog picture

was taken from www.animal-coloring-pages.com). Wheaving the mouse over (“petting”)

an animal the text changes to the name of the d@inththe animal size increases. When

clicking on an animal, it makes a typical soundj.(@neow). The topics that were presented

in task 2 and their order of presentation are dlesdrin Table 3.4.

=
=

S

Chnralriay | S22 | Btyp 2.2 | =en 23

Cenan i miissy wandoqy
Forthe second task you will create & pietting zo0 (Just like the one
o 1he right) ,
| | I'm a...
Hatice whal happans when yau rall over gach anbmad and when
you click them. You will notice thal when you roll-over an animal
the text changes to the animal's name When you click 3 amimal,
the animal makes a plcal sound “.wv';r\

VL
5 _}_.-'
Dog picture taken from

www.free-coloringpages.n

Figure 3.3 Screenshot of Task 2

Table 3.4 Order of Topics Presented for Task 2

Step 1 (a) Creating a movie clip and inserting iesagf the animals
(b) Setting dynamic text properties
Step 2 (c) Creating a button from image + sound

Step 3 (d) Adding ActionScript to the buttons tbladinge the dynamic text when the
user moves the mouse over an animal (rollover ratholt).

(e) Adding ActionScript to the change dynamidtex
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n task 3, the participants created a navigatystesn in which whenever the user

n animal, he will move to see the inforroatpage regarding the animal. The topics

that are presented in task 3 and their order cfgmation are described in Table 3.5.

Tdsk2

Overyiew | aSlep 3.1 | Slep 32 | Step 3.3

Faorthe
the use
animal.

Open in new windowr
last task, you will create an interface in which whenever
r clicks an animal, he will get more information on the

Click on the animal to learn more

You will use labels in the keyframes for the movie to jump to the
relevant keyframe.

%

2.

3

You will use the file that you just created for Task 2.
Make sure the file "TaskZ.fla” is saved.
Save the file "TaskZ fla” as "Task3.fla” (save the file on the

deskiop).

Continue to Step 3.1

Figure

Table 3.5 Order of Topics Presented for Task 3

3.4 Screenshot of Task 3

Step 1 (a) Inserting static text

(b) Creating buttons from text
Step 2 (c) Adding images to frames

(d) Adding new keyframes

(e) Adding ActionScript to the frames
Step 3 (f) Using labels

(e) Adding ActionScript to the jump to a label

Independent Variables

Instructional Strategy (Task-centered vs Topic-centered)

condit
difficu

Two computer-based instructional strategies wergl@yed. In thé¢ask-centered
ion, the learners were be first presented titee tasks with increasing levels of
Ity. Each of the three topics included &letelements of the whole-task, thus, in step

one, for example, the learners learned the basiitseline, texts, and buttons. In thepic-

centeredcondition, on the other hand, no tasks were presgewotthe learners up front.
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Instead, objectives were presented to the leaatdhe beginning of each topic section
(timeline, dynamic texts, and buttons). Thus, i tibpic-centered condition, each of the three
steps referred to only one of the topics, for examp step one, the learners learned only
about timeline effects (see Table 3.1, Figure 3t33.important to note that while the order
and the context of the instruction are differeng tontent (e.g., how to create a button) was

identical for both conditions.

Task-Centered Condition:

tTask 1 Task - Task ¢
)

A 4

Timelinelz Timelinel Timeline12:

Textl Textz Textls

Buttons1. Buttons1: Buttons:23

N
1l
1il

Topic-Centered Condition:

\4

Timeline 1 —> Topic 1

i

Text 1 Text 2 —>| Text: Topic 2

Y

@—» Buttons2 |——»| Button:3 Topic 3

Figure 3.5 lllustration of the Sequence of Topidthiw each Condition
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Level of Expertise
The level of expertise (ranging from 0-9) of tletripants was measured using a
self-report questionnaire that included experignadeveloping Internet applications,

experience developing in Flash, and programmingeapce (see Table 3.6).

Table 3.6 Calculation of Level of Expertise

Category Points assigned
1 | Experience in | 1) No experience at all 0
developing 2) | can create a simple page in html 1
Internet 3) | can use many of the html functions 2
applications 4) | am an experienced Internet programmer\develgpe 3
2 | Experience 1) I never used Flash before 0
developing in | 2) | used Flash for creating simple graphics 1
Flash 3) | have created simple applications in Flash 2
4) | can use ActionScript in Flash 3
3 | Programming | 1) I have no experience at all 0
experience 2) | have some very limited programming experience 1
3) | can program in one or more languages 2
4) | am an experienced programmer 3
Total score (minimum-maximum) 0-9

Dependent Variables

Performance

The participants’ performance was assessed for:

(1) Performance on module tasks

At the end of each of the sub-steps (each tasthétask-centered condition and each topic
for the topic-centered condition) the participacampleted a flash file that was later
evaluated. Completing each of the three topicsstaskthe module earned the participants O-
10 points with zero being complete failure and & complete success. The purpose of the
module task measures is to control for module cetigpt and time. No differences are

expected between the conditions.

(2) Performance on Post Test

The post test is identical for both the conditiow ancluded three parts:
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(1) Skill Development: This task assessed the adgpn of the separate skills that were
covered in the module. Students had to develomplsiFlash application by following

specific instructions.

(2) Process Development — Near Transfer: Studeets given a Flash application that was
similar to the examples they have seen in the neodntl had to provide an explanation
(narrative) on how to create this application gitles skills they have acquired. Their
answers were graded on a 0-10 scale. Having a hmeatkel of what strategy should be used
to create a certain application is the most imprséage in approaching to program an
application. Even though it would have been prdfieréghat the students actually would have
created these applications, it would be unreaserabthese tasks may be extremely time-
consuming (at least several hours). At the same tinderstanding the solution can be
assessed relatively quickly by an explanation aiidepresent the students’ level of schema

construction.

(3) Process Development — Far Transfer: Students gieen a Flash application that was
different than the examples they have seen in thdufe yet requires the same skills, and had
to provide an explanation (narrative) on how taateehose applications. Their answers were
graded on a 0-10 scale.

Cognitive Load

The participants’ perceived cognitive load was soeed using a single item self-rated
scale developed by Paas and Van Merrienboer (1884)appendix B). Using a nine-point
Likert-type scale, the participants were askedlémiify the amount of mental effort they
invested on completing each step of the instructioeh the transfer task. In this study, the

reliability of the cognitive load scale was .854ieh was estimated with Cronbach’s alpha.

Time on Task

Overall six time measures were recorded: (1)ithe to complete the three module

parts, (2) the time to complete each of the thes-fest tasks.

Computer Anxiety
Anxiety was measured by the 19-items ComputeriétgRating Scale (CARS)
developed by Heinssen et al. (1987). This scalefaasd to be valid for measuring

computer anxiety (Chu & Spires, 1991). The originatrument was modified to update the
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item descriptions for changes in technology sir@@7land an additional scale item added
based on suggestions from prior researchers (Ro8¥gil, 1995). Students responded to a
series of statements, such as “I feel appreheaivat using computers”, based on how
anxious the statements made them feel (from 1=n§lyalisagree to 5= Strongly agree) (see
Appendix C). In this study, the reliability of tktemputer anxiety scale was .858, which was

estimated with Cronbach’s alpha.

Computer Self-Efficacy

Computer self-efficacy was measured by a 10-itestrument developed by
Compeau and Higgins (1995b). The instrument wasddo be valid and reliable for
measuring computer self-efficacy (Compeau & Higgir#95b; Compeau, Higgins, & Huff,
1999). Students indicated whether they could useng&amiliar software package under a
variety of condition (e.g., “...if someone showed hosv to do it first”). Then, for the
conditions that were be answered as “yes,” theestisdndicated their level of confidence
about their judgment on a ten-point scale (seeraipd). In this study, the reliability of the
computer self-efficacy scale was .892, which wasneged with Cronbach’s alpha.

In addition, the participants were asked to anghvequestion “I feel confident in my
ability to use the information | learned in thigst after each step of the module and the
guestion “I feel confident in my ability to develspnilar tasks” after each question of the
post test on a 5 point scale (1-strongly disadsestrongly agree).

Attitudes toward Instructions

After completing the moduléhe learner’s attitudes were measured using a®poi
Likert-type scale adjusted Kellers’ (1993) Instianal Materials Motivational Survey
(IMMS) (see Appendix E), which consists of fouremaries: attention(= .89; e.g., “The
way the information is arranged on the pages hepeg my attention”) relevance € .81;
e.g., “Completing this lesson successfully was irtgod to me”), confidencea (= .90; “As |
worked on this lesson, | was confident that | cdaltn the content”), and satisfactian=
.92; “Completing the exercises in this lesson gaeea satisfying feeling of

accomplishment”).
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Procedure

Participants completed the module in a lab settiitly a proctor present. First, the
participants completed a questionnaire that inautie computer anxiety scale, and the
computer self-efficacy scale. Estimated completiore was about ten minutes. Then, the
participants were instructed to follow the direngan the module and to complete it. There is
no limit on the time allowed to complete the modhlewever the estimated time was ~60
minutes. Following each of the nine sub steps eftilodule, the time to complete the step
was recorded as well as the perceived mental éffadmplete the step and confidence level.
While time differences between the conditions wereexpected, time was collected to
control for such differences if they do occur. Digrthe module, the learners were asked to
develop different elements in Flash, which resuitetthree functional applications in the
task-centered condition and three separate fléshifi the topic-centered condition.
Following the module, the participants filled tmstructional Material Motivational Survey
(Keller ,1993), the computer self-efficacy scaleg ghe computer anxiety scale and questions
about their expertise level as well as general dgaphic information (age, gender, and
occupation). Finally, the participants completebbaminutes post test and reported the time
it took to complete it and their perceived mentédre and confidence level. See table 3.7 for

an overview of the procedure.
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Table 3.7 Overview of the Procedure

Pre-Module survey Time
1 Computer Self-Efficacy Survey (pre) 10 min
2 Computer Anxiety Survey (pre)
Instructional Module
3 Task-Centered Condition Topic Centered Condition 60 min
- Task 1 (steps 1,2,3) - Topic 1 (steps 1,2,3)
Cognitive load measurement Cognitive load measurement
Time measurement Time measurement
Performance measurement Performance measurement
- Task 2 (steps 1,2,3) - Topic 2 (steps 1,2,3)
Cognitive load measurement Cognitive load measurement
Time measurement Time measurement
Performance measurement Performance measurement
- Task 3 (steps 1,2,3) - Topic 3 (steps 1,2,3)
Cognitive load measurement Cognitive load measurement
Time measurement Time measurement
Performance measurement Performance measurement
Post-module Survey
4 Cognitive load measurement (summary) 15 min
5 Instructional Materials Motivational Survey (IMMS
6 Computer Self-Efficacy Survey (post)
7 Computer Anxiety Survey (post)
8 Background survey (demographics + level of expert
Post test
9 Post test 20 min
Cognitive load measurement
Time measurement
Performance measurement
Total time 105 min

Data Analysis

This study was designed as a one-way factoriagde$he independent variable was
instructional strategy with task-centered and taygntered conditions. The dependent
variables were: (1) performance (skill-developmastformance, process-development
performance (near and far transfer)), (2) cognikdaal, (3) time on task, and (4) Attitudes
(computer self-efficacy, computer anxiety, and wetion).

Data analysis was performed to examine whetheretbearch hypotheses (see
Chapter Il) is validated. First, preliminary dateabysis was conducted to identify outliers,
missing data, test groups equivalence, and testdhemptions for the parametric tests. Main
tests included analysis of variance (ANOVA), analyd covariance (ANCOVA), multiple

analysis of variance (MANOVA), as well as mediatamalysis and correlations. Detailed
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description of the data analyses methods that weed is to follow in the next chapter of this

manuscript.
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CHAPTER IV: RESULTS

This study examined the effects of instructionedtegy (task-centered vs. topic-
centered) on performance, cognitive load, timeasi tand attitudes. To explain the
instructional effects, this study examined thetretships between self-efficacy and
performance, cognitive load, time on task, anduatéis toward training. Then, this study
inspected whether self-efficacy mediates the effetinstructional strategy on performance.

This chapter first describes results of the priglary data analyses. The preliminary
data analysis section includes examination of mgsdata and outliers, verification of the
equivalence of treatment groups, and tests fomagsans of the parametric statistics. Next,
in the primary data analyses section, results@fthtistical tests are discussed for each

research question.
Preliminary Data Analyses

Preliminary data analysis was conducted to examissing data and outliers, verify

the equivalence of treatment groups, and testasfenmptions of the parametric statistics.

Missing Data
One student did not complete the post-test, andest did not complete the post
computer self-efficacy scale and one student diccamplete the post anxiety scale. Those

students were excluded from the relevant analyses.

Case Analysis

The major data analysis methods employed in toysvere ANOVAs and
MANOVAs. While ANOVASs requires detection of univate outliers, MANOVAS requires
both detection of univariate and multivariate ardi Thus, case analysis included detection

of univariate and multivariate outliers accordingly

First, univariate outliers were detected by caltol Z-standardized values (z-
scores). Outliers are commonly defined as caseshware more than plus or minus three
standard deviations from the mean of the varidddesed on z-score inspection no extreme

valued were found on post-test performance varglolegnitive load variables, and attitudes
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variables. One outlier was found on performancenodule, one outlier was found on skill-
development post test time, and one outlier wasdan process-development (near transfer)
post test time. Follow up analyses indicated thapping these outliers did not have any
influence on the statistical results and theretbese outliers were retained.

Second, multivariate outliers were detected ublafpalanobis distance measure for
detection of extreme values with respect to mudtigriables. One outlier was found for task
time. The critical value for Mahalanobis distandéhviour variables was 18.47 whereas the
maximum value detected was 20.752. Neverthelebswfoip analyses indicated that
dropping this outlier did not have any influencetba statistical results and therefore this
outlier was retained. No outliers were found forfpenance, cognitive load, and attitudes.

Groups Equivalence Test

In this study, participants were randomly assigtwedne of two conditions. Each
computer in the study room was randomly set up wité of the conditions and each
participant who entered the room was assignedetméixt available computer. In order to
validate the groups’ equivalence statistically ¢hvariables were used to find whether there
were pre existing differences between the groups.tiiree variables were pre computer
anxiety, pre computer self-efficacy, and level xperience. One-way ANOVA revealed no
significant difference of pre computer anxiety beén the topic-centered and the task-
centered condition$;(1,63) =.11p = .741,4* = .002. One-way ANOVA also revealed no
significant difference of pre computer self-effigdmetween the topic-centered and the task-
centered condition$;(1,63) = .322p = .573,#* = .005. Last, one-way ANOVA revealed no
significant difference of prior experience betwelea topic-centered and the task-centered
conditions,F(1,63) = .762p = .386,7* = .012.

Tests for Assumptions of the Parametric Statistics
Six assumptions were tested for ANOVA and MANO\&&ts.

(1) Normal Distribution Assumption

To detect the violations of this assumption, visaspection of graphical
representations of the data and an examinatioorofdl statistical analyses were conducted
for each dependent variable. As for the formalsiaal analyses, the Shapiro-Wilk

normality test was used. Results indicated thainadependent measures were not normally
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distributed. Nevertheless, it was suggested thaDXN and MANOVA are robust enough to

moderate violations of this assumption.

(2) Independence Assumption

A critical assumption of ANOVA and MANOVA requirg¢lat each observation or
measurement must not be influenced by any othesreéton or measurement. Measures
were taken in the study to ensure that differedividuals will not affect the outcomes of the
others in the study. In particular, each partictpamorked individually on a different

computer, and students were not allowed to intewébteach other.

(3) Interval Scale Assumption

Each dependent variable in this study that wad usan ANOVA/MANOVA
analysis was measured at the interval level, usiogntinuous scale, rather than discrete

categories.

(4) Homoscedasticity (homogeneity of variance-coviance assumption)

This assumption requires that variance and covegiare equal across populations in
different cells. Levene’s test was performed t¢ tles assumption of homogeneity of
variance for each of the dependent variables. Remdicated that performance in the third
part of the module and performance in the skilledepment post test violated the
homogeneity of variance assumption and therefonet@ conservative alpha level (alpha
.025) was set to determine the significance of@éhesiables instead of the conventional .05
level. Box’s test was performed to test the nupdipesis that the observed covariance
matrices of the dependent variables were equakadreatment groups. There was no
evidence of a violation of the constant covariamedrix assumption as the Box’s tests were

not significant.

(5) Linearity

For MANOVAS, it is assumed that there is a straigie relationship between each
pair of dependent variables. The linearity assuompivas tested by inspecting scatterplots
between each pair of variables. The visual inspeaiif scatterplots did not show any

evidence of non-linearity, therefore the lineaagsumption was satisfied.
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(6) Multicollinearity

For MANOVAs, multicollinearity occurs when the deqlent variables are highly
correlated. Inspection of the correlations andstinength of the correlations among
dependent variables did not reveal correlationy@b®, therefore, the multicollinearity

assumption was satisfied.

Primary Data Analyses

Research Question 1

What are the effects of instructional strategy Ktasntered vstopic-centered) on: (1)
Performance (skill-development performance, prodesslopment performance (near and
far transfer)), (2) Cognitive load, (3) Time on kasnd (4) Attitudes (computer self-efficacy,

computer anxiety, and motivation)?

To answer the first research question, a seridd M OVAs with instructional
strategy (topic-centered vs. task-centered) agttependent variable were conducted for

each of the dependent variables groups.

Performance

Performance was measured on the module and gogteest that included skill-
development test (completing a task with guidelithed were similar to the topics covered in
the module), near transfer process-developmen(earptaining how to develop a given
application that is similar to the ones given ia thodule but with no guidelines), and far
transfer process-development test (explaining lmdetelop a given application that is
different than the examples on the module yet regithe same skills). All the test scores

had a maximum value of 10 points.

It was hypothesized that learners who receivekdt¢astered training would perform
better on the skill-development test and on thegss-development test than learners who
receive topic-centered training (H.1.1 & H.1.2). dliferences between the conditions were

expected for module performance. A one-way MANOVAswised to test these hypotheses.

Regarding the module, as expected, there wagndisant difference between the

conditions in performance on the module for paf(1,63) = .186p = .668,5* = .003, and
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for part 2,F(1,63) = .425p = .517,5#* = .007. Overall, both of the conditions performedyver
well on the first two parts. Nevertheless, paraéifs in the task-centered condition performed
significantly better than participants in the tepantered condition in part B(1,63) = 6.303,

p <.05,4%=.092, Cohen’sl = .635, a medium effect. Table 4.1 shows the maads

standard deviations of the performance measuresafdr condition.

Regarding the post-test, as expected, MANOVA tegelealed a statistically
significant difference of performance between th@d-centered and the task-centered
conditions Wilk's Lambda =727,F(4,57) = 3.572p < .01,5* = .273. Between subject
effects test results indicated that participanthetask-centered condition performed
significantly better on the skill-development tdt1,63) = 5.442p < .025,»* = .081,

Cohen’sd = .587, a medium effect, performed significantiftbr on the near transfer process
development tesE(1,63) = 18.04p < .001,,* = .225, Cohen’sl = 1.065, a large effect, and
performed significantly better on the far tranggevcess development teB(1,63) = 15.99p

< .001,#* = .205, Cohen'sl = 1.004, a large effect.

Table 4.1 Mean Scores and Standard Deviations s-C&ntered and Topic-Centered
Approach for Performance.

Task-Centered | Topic-Centered Total
Approach Approach
(N=31) (N=33) (N=64)
M SD M SD M SD

Module performance:

Part 1 9.581 1.254 9.394 2.091 9.485 1.726

Part 2 9.636 1.334 9.359 1.977 9.493 1.689

Part 3* 9.697 1.067 8.390 2.706 9.023 2.167
Post test performance:

Skill-development* 8.960 2.007 7.508 2.866 8.2112.574

Process-development 8.258 1.731 6.272 1.989 7.234 2.106

near transfer**

Process-development 7.903 1.837 5.787 2.345 6.812 2.353

far transfer**

* Significant difference between topic-centered #amk-centered conditiong,< .025
** Significant difference between topic-centeredldask-centered conditions,< .001
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Cognitive Load

The participants’ perceived cognitive load was soeed using a single item self-rated
scale developed by Paas and Van Merrienboer (1884)g a nine-point Likert-type scale,
the participants were asked to identify the amafimental effort they invested on

completing each step of the instruction and thé fess.

It was hypothesized that learners who received¢asatered training would report
lower cognitive load on completing the test thaarters who received topic-centered
training. No difference in the perceived cognitivad was expected for completing the
module itself (H.1.3). A one-way MANOVA was usedtést this hypothesis.

MANOVA results revealed a significant differendecognitive load between the
topic-centered and the task-centered conditidfikk's Lambda =468,F(4,57) = 10.82p <
.001,7* = .532 (see Table 4.2). In contrast to the hypothesisveen subject effects test
results indicated that there was a significantedéhce between the conditions in cognitive
load during the module on partA(1,63) = 4.44p < .05,7* = .067, Cohen’sl = .526, a
medium effect, on part %(1,63) = 5.72p < .05,#* = .085, Cohen’sl = .6, a medium effect,
and on part 3-(1,63) = 16.509p < .001,7* = .210, Cohen’sl = 1.023, a large effect. While
in part 1 and part 2 cognitive load was higherthar task-centered condition, in part 3
cognitive load was higher for the topic-centereddition. Post-hoc Bonferroni tests revealed
that for the task-centered condition there wagaifstant decrease in cognitive load from
part 1 to part 2 < .05), and for the topic-centered condition thers @aignificant increase

in cognitive load from part 1 and 2 to parf<.001).

Regarding the post-test, again in contrast tdipothesis, no significant differences
were found for cognitive load at skill-developmeésst,F(1,63) = 1.166p = .284,7* = .018,
cognitive load at near transfer process-developresti-(1,63) = .452p = .504,7* = .007,
and cognitive load at far transfer process-devekgrtest F(1,63) = .521p = .473,5° =
.008.
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Table 4.2 Mean Scores and Standard Deviations si-Ca&ntered and Topic-Centered
Approach for Cognitive Load.

Task-Centered | Topic-Centered Total
Approach Approach
(N=31) (N=33) (N=64)
M SD M SD M SD

Cognitive load on module:

Part 1* 4.946 1.342 4.303 1.09 4.615 1.253

Part 2* 4.597 1.232 3.788 1.454 4.179 1.401

Part 3** 4.624 .980 5.949 1.548 5.307 1.456

Overall 4.725 1.065 4.680 1.202 4,702 1.129
Cognitive load on post test:

Skill-development 5.548 1.207 5.151 1.679 5.3441.472

Process-development 5742 1.316| 6.00 1714 5875 1.528

near transfer

frocess'de"e"’pme”t 5951 1624 6257 1759 6109  1.689

ar transfer

* Significant difference between topic-centered #amk-centered conditiong,< .05
** Significant difference between topic-centeredldask-centered conditions,< .001
Note: Maximum possible score for cognitive load ®as

Time on Task

Time on task was measured by asking the partitsgarfill the start time and finish
time for each of the module steps and for each@pbst test questions. It was hypothesized
that learners who received task-centered trainioglavspend less time on the near and far
transfer process-development tests than learnesgedeived topic-centered training. No
time difference was expected for completing the ab@and for the skill-development test.
(H.1.4). A one-way MANOVA was used to test this biesis.

MANOVA results revealed a statistically signifi¢atifference of time on task
between the topic-centered and the task-centerditams, Wilk's Lambda =468,F(4,59)
=10.82,p <.001,5* = .532 (see Table 4.3). Regarding the module, betwebject effects
test results indicated that students in the tasketed condition spent significantly more time
on Part 1F(1,63) = 18.826p < .001,5*> = .233, Cohen’sl = 1.023, a large effect,
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significantly more time on Part #(1,63) = 6.48p < .05, = .095, Cohen’sl = .634, a
medium effect, and significantly less time on Paf(1,63) = 69.937p < .001,4* = .530,
Cohen’sd = 2.104, a large effect. It should be noted tisatygected overall there was no
significant difference in the overall time spenttbe module between the conditioR¢1,63)
=.606,p = .439,5* = .010. Post-hoc Bonferroni tests revealed a sigificlifference
between all the parts for the topic-centered camdifp < .001) and a significant difference

between part 1 and parts 2 and 3 for the task-cmhtondition | < .001).

Regarding the post-test, as expected, there wagniicant difference between the
conditions for time spent on the skill-developmist,F(1,63) = .110p =.742,5* = .002. In
contrast to the hypothesis, no significant diffeeswere found for time on the near transfer
process-development teB{(1,63) = .044p = .834,54*> = .001, and for time on far transfer
process-development test(1,63) = .601p = .441,5* = .010.

Table 4.3 Mean Scores and Standard Deviations s-Ca&ntered and Topic-Centered
Approach for Time on Task (in minutes).

Task-Centered | Topic-Centered Total
Approach Approach
(N=31) (N=33) (N=64)
M SD M SD M SD
Time spent on module:
Part 1* 30.742 12.714 19.727 6.929 25.062 934
Part 2* 18.225 5.7020 15.000 4.387 16.562 5.282
Part 3** 17.871 6.672] 35.757 9.996 27.094 12.3
Overall 66.838 18.88%5 70.484 18.583 68.718 61B.
Time spent on post test:
Skill-development 6.903 3.902 7.273 4.932 7.0944.432
Process-development 7.290 4.002 7.091 3.583 7.187 3.762
near transfer
Process-development 11.225 5.364 10.151 5.701 10.672 5.523
far transfer
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Attitudes

Attitudes were measured with four different valesb First, computer anxiety was
measured using the Computer Anxiety Rating ScafR®) developed by Heinssen et al.
(1987) (see Appendix C). Second, computer seltatly was measured by a 10-item
instrument developed by Compeau and Higgins (198 Appendix D). The computer
anxiety and computer self-efficacy instruments wadministered twice, before (pre) and
after (post) the module. To further evaluate s#itacy, the participants were asked to
answer the question “| feel confident in my abilityuse the information | learned in this
step” after each step of the module and the questii@el confident in my ability to develop
similar tasks” after each question of the post lesst, after completing the module, learner’s
motivation was measured using a 5-point, Likeretgpale adjusted Kellers’ (1993)
Instructional Materials Motivational Survey (IMM$ee Appendix E), which consists of

four categories: attention, relevance, confideaod, satisfaction.

It was hypothesized that learners who received¢astered training would report
higher self-efficacy (H.1.5), report lower compusgxiety (H.1.6), and express higher

motivation towards the training (H.1.7) than leasn&ho receive topic-centered training.

An additional variable (delta) was calculatedxpress the difference between the
post scale and the pre scale results. To testyihatesis that participants in the task-
centered condition reported lower computer anxaétgr the module than participants in the
topic-centered condition repeated measures analyigpre and post computer anxiety was
used. As expected, repeated measures analysitsrestdaled a significant time interaction
between condition and computer anxiét{,62) = 4.507p < .05, = .068, Cohen'sl =
528, a medium effect (see Table 4.4). Figure fugtrates the values of pre computer
anxiety and post computer anxiety by condition.efpected, ANOVA results revealed that
there was no statistically significant differendgre computer anxiety between the topic-
centered and the task-centered conditi6(%,63) = .11p = .741,4* = .002. The effect of

the treatment condition is dependent on time.
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Table 4.4 Mean Scores and Standard Deviations si-C&ntered and Topic-Centered
Approach for Computer Anxiety Scale.

Task-Centered | Topic-Centered Total
Approach Approach
(N=32) (N=32) (N=64)
M SD M SD M SD

Pre Computer Anxiety Scale 1.916 0.522 1.953 0.409..935 0.464

Post Computer Anxiety 1.747 0.423 1.966 0.546 1.860 0.499
Scale**
Delta Computer Anxiety -0.169 0.371 0.012 0.312 -0.075 0.351

Scale*

& Analysis was performed with Pre Computer Anxietgl® as covariant.
* Significant difference between topic-centered #amsk-centered conditiong,< .05
Note. Maximum possible value for the Computer Ahxigcale is 5.

Computer Anxiety Rating Scale

2.1 ~

2 Instructional Strategy
1.9 —=a— Task-centered
1.8 A — —o— — Topic-centered
1.7 -
1.6

Pre Post

Figure 4.1 Pre and Post Computer Anxiety MeansSidsl by Instructional Strategy

Table 4.5 shows the means and standard deviaifammmputer self-efficacy for each
condition. An additional variable (delta) was caddted to express the difference between the
post scale and the pre scale results. As expesMAVA results revealed that there was no
statistically significant difference of pre compuself-efficacy between the topic-centered
and the task-centered conditioR$]1,63) = .322p = .573,5#* = .005. To test the hypothesis
that participants in the task-centered conditigporeed higher computer self-efficacy after
the module than participants in the topic-cente@utlition repeated measurement analysis
with pre and post computer self-efficacy was ustgpeated measures analysis did not reveal

a significant interaction between condition and pater self-efficacyF(1,62) = 2.095p =
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.153,#* = .033. Figure 4.2 illustrates the values of pre corepself-efficacy and post

computer self-efficacy by condition.

Table 4.5 Mean Scores and Standard Deviations si-C&ntered and Topic-Centered
Approach for Computer Self-Efficacy Scale.

Task-Centered | Topic-Centered Total
Approach Approach
(N=32) (N=32) (N=64)
M SD M SD M SD

Pre Computer Self-Efficacy | 6.093 1.469 6.222 1.567 6.158 1.508
Scale

Post Computer Self-Efficacy| 6.637 1.901 6.237 1.785 6.437 1.841
Scale

Delta Computer Self-Efficacy 0.544 1.689 0.015 1.185 0.279 1.472
Scale

Note. Maximum possible value for the Computer &#ffeacy Scale is 10.

Computer Self-Efficacy

7.1

6.9 Instructional Strategy
6.7

6.5 —=a— Task-centered
g? | — —e— — Topic-centered
5.9 -

5.7 -

5.5

Pre Post

Figure 4.2 Pre and Post Computer Self-Efficacy Meamd SDs by Instructional Strategy

The Computer Self-Efficacy scale concerns comgutegeneral and was not specific
to the subject of the module. To test the partitipaself-efficacy with respect to the specific
elements covered in the module the participante w&sked after each step of the module
(with overall nine steps) to rate the statemerieél confident in my ability to use the
information | learned in this step” on a 1-5 ratswgle (1-strongly disagree, 5-strongly
agree). The average of the participants’ respoiose=ach part was calculated to assess their
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self-efficacy concerning their ability to use tiormation learned in the module (see Table
4.6). As expected, one-way MANOVA results revedlet participants in the task-centered
condition reported significantly higher confiderdigring the module than participants in the
topic-centered conditiork(1,64) = 3.847p < .01,#* = .210. Between subject effects test
results indicated that students in the task-cedteoadition reported significantly higher
confidence on part ¥(1,63) = 9.849p <.01,5* = .139, Cohen’'sl = .789, approaching a
large effect. There was no significant differenegéneen the conditions in reported
confidence on part F(1,63) =.777p =.382,»* = .013, and on part &(1,63) = 1.334p =
.253,7* = .021. Post-hoc Bonferroni tests revealed a sigiticlifference between parts 1 &

2 and part 3 < .001) for the topic-centered condition.

In addition, after each question in the post-iestparticipants were asked to rate the
statement “I feel confident in my ability to devplsimilar tasks” on a 1-5 rating scale (see
table 4.6). In contrary to the hypothesis, one-WBNOVA results revealed that there was
no significant difference between the conditionpanticipants’ reported confidence during
the post test(1,63) = .981p =.408,5* = .047.

Table 4.6 Mean Scores and Standard Deviations si-Ca&ntered and Topic-Centered
Approach for Learners’ Confidence.

Task-Centered | Topic-Centered Total
Approach Approach
(N=31) (N=33) (N=64)
M SD M SD M SD
Confidence level on module:
Part 1 4.052 .862 3.86 877 3.958 .862
Part 2 4.255 .806 4.032 722 4.145 .768
Part 3* 4.088 .838 3.322 1.087 3.711 1.034
Overall* 4.138 .765 3.738 .804 3.941 .804
Confidence level on post test:
Skill-development 3.935 1.067 3.818 1.130 3.8751.091
Process-development 3.322 1.351| 3.364 114 3344  1.237
Near transfer
Process-development 2967 1.303| 2697 1.103 2828  1.202
far transfer
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Significant difference between topic-centered ask{centered conditiong,< .05
Possible values for confidence level were 1-5

Last, learners’ attitudes toward instruction wereasured using a 5-point, Likert-type
scale adjusted Kellers’ (1993) Instructional MadkxiMotivational Survey (IMMS), which
consists of four categories: attention, relevanoafidence, and satisfaction. One-way
MANOVA was used to test the hypothesis that leandro received task-centered training
would express higher motivation towards instructioen learners who received topic-
centered training (see Table 4.7).

As expected, MANOVA results revealed a statislycsilgnificant difference of
attitudes toward instruction between the topic-eed and the task-centered conditions,
Wilk's Lambda =847,F(4,59) = 2.711p < .05,* = .153. Between subject effects test
results indicated that participants in the taskieesa condition indicated significantly higher
level of relevancer(1,63) = 4.631p < .05,5* = .068, Cohen’sl = .535, a medium effect,
and significantly higher level of confidend€(1,63) = 4.006p < .05,7* = .06, Cohen'sl =
498, approaching a medium effect. Neverthelegsetivas no significant difference between
the conditions in reported level of attentiifl,63) = 2.95p = .092,,#*> = .045 and in
reported level of satisfactioR(1,63) = .261p = .611,7* = .004.

Table 4.7 Mean Scores and Standard Deviations si-Ca&ntered and Topic-Centered
Approach for IMMS Survey.

Task-Centered | Topic-Centered Total
Approach Approach
(N=32) (N=33) (N=65)
M SD M SD M SD
IMMS - Attention 3.656 518 3.435 516 3.544 525
IMMS — Relevance* 3.340 519 3.032 .628 3.183 .593
IMMS — Confidence* 3.973 732 3.588 .812 3.778 792
IMMS - Satisfaction 3.291 572 3.209 718 3.249 7.64

* Significant difference between topic-centered #amsk-centered conditiong,< .05
Note. Maximum possible score for IMMS categorieS.is
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Research Question 1 Summary

A summary of the results for research questiondrésented in Table 4.8. Overall,
there were significant main effects of instructgirategy on performance, cognitive load,
time on task and on attitudes. Figure 4.3 illusgahodule and post test performance,

cognitive load, and confidence by condition

Table 4.8 Summary of Research Question 1 Results

Task- Topic- Cohen’sd
Centered Centered  Effect
Approach Approach Sizes

Dependent variables

Performance
Module Part 1
Part 2
Part 3 MTask>Topic* 635
Post-Test Skill-development MTask>Topic* 587
Process-development — neauster “Task>Topic** 1.065
Process-development — farsier “Task>Topic** 1.004
Cognitive Load
Module Part 1 MTask>Topic* 526
Part 2 MTask>Topic* .600
Part 3 “Task<Topic** 1.023
Post-Test Skill-development
Process-development — neauster
Process-development — fardier
Time on Task
Module Part 1 “Task>Topic** 1.023
Part 2 MTask>Topic* 634
Part 3 “Task<Topic** 2.104
Post-Test Skill-development
Process-development — neauster
Process-development — farsfer
Attitudes
Post Computer Anxiety Scale MTask<Topic* 528
Post Computer Self-Efficacy Scale
Confidence Module Part 1
Part 2
Part 3 ‘Task>Topic* 789
Confidence Test Skill-development
Process-develept near transfer
Process-develepti- far transfer
IMMS — Attention
IMMS — Relevance MTask>Topic* 535
IMMS — Confidence MTask>Topic* 498

IMMS — Satisfaction

*p <.05; ** p<.001

M-Medium, L-Large effect size based on eta squapede (J. Cohen, 1988, p. 283)

87



CHAPTER IV: RESULTS

Performance at Module and Post-Test
10 ~
9.5 Instructional Strategy
9 4
8.5 O Task-centered
8 1 m Topic-centered
7.5
7 4
6.5
6 4
5.5
1 1 1 "E %) E E
o o N [OKse) o 17 QS —
S S 3=t L, g 382 Lo
S & S & T & =8 o6za8 Q9
S na oS S X~ o = = 9 c
= = = ngo o F 83
> o+
£ a
Cognitive Load at Module and Post-Test
6.5
6 - Instructional Strategy
5.5 O Task-centered
5 m Topic-centered
4.5
4 |
3.5 A
] 1 ] E wn B E
o o N @ ™ o 17, G -
S S e =t . E $ge2 Lo
S8 T & T8 =38 ozg L0
O n o n O n < O = s g c
= = s ne @ F 98
> o+
3 o
Confidence at Module and Post-Test
4.5
Instructional Strategy
4 4
O Task-centered
35 | m Topic-centered
3 4
25 ‘ ‘
1 1 1 E n B E
o - o N v ™ ) [ J— -
S¢g S S L& 8o U9
S & S © T & =38 6za Yo
= = s ne & F 98
> o+
i) a
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Research Question 2
What are the relationships between computer anxieomputer self-efficacy and: (1)
performance (skill-development performance, prodesselopment performance (near and

far transfer)), (2) cognitive load, (3) time on kasind (4) attitudes toward training?

It was hypothesized that learners’ self-efficacly e positively correlated to skill-
development and process development performanise(l¢2.1 & H.2.2), to lower cognitive
load (H.2.3), and to better attitudes towards thming (H.2.4) regardless of the training
condition. In addition, it was hypothesized thatrfeers’ computer anxiety will be negatively
correlated to learners’ computer self-efficacy (H)2To answer the second research
guestion, correlations between self-efficacy relatariables and the dependent variables

were calculated.

Performance Relationships

Table 4.9 presents correlations between the fethey related variables and the
performance measures. Confidence levels on modd®ma post test were positively
correlated to performance on the post test anadpaénce on part 3 of the module. There

was no correlation between confidence level onaedtperformance on module.

There was no correlation between pre computereyand performance. As
expected, post computer anxiety was negativelyetaied to performance on the post test,
and to performance on part 1 of the module. Daltaputer anxiety was also negatively
correlated to performance including performanceéhenmodule (parts 1 and 3).

Pre computer self-efficacy was not correlateddadgrmance (module and post test).
Post computer self-efficacy was positively corretbto performance on part 3 of the module
and performance on the post test. Delta compulieeSiacy was positively correlated to

performance on parts 1 and 3 of the module anape&nce on the post test.
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Table 4.9 Pearson's Correlations Coefficients ferfétmance (Module and Post Test) with
Confidence, Computer Anxiety, and Computer Selfdaffy.

Module Performance Post Test Performance

Process- Process-
Skill- develop. develop.
develop.  Near Far
transfer  transfer

Part 1 Part 2 Part 3

Confidence Level on Module -.013 -.055 291* 307 .471* A41**
Confidence Level on Test -.014 -.002 127 351*  7X32 .401**
Pre Computer Anxiety -.063 .068 072 -.203 -.048 084.
Post Computer Anxiety -.254* .081 -.229 -445** 86> -.355*
Delta Computer Anxiety -279* .024 -421*%* - 358** -343**  -391**
Pre Computer Self-Efficacy -.080 -.226 -.107 104 099. .017
Post Computer Self-Efficacy 125 .067 .366** .366* .333* 274%
Delta Computer Self-Efficacy 251* 162 430%* 293 .287*. 347*

*, Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 level@iled).

Cognitive Load Relationships

Table 4.10 presents correlations between theeietacy related variables and the
cognitive load measures. As expected, confidencd tn the module was negatively
correlated to cognitive load at the module andoigndtive load at the skill-development test.
Confidence level on test was negatively correlabecbgnitive load on the module (parts 2
and 3) and post-test. Post computer anxiety artd demputer anxiety were positively
correlated to cognitive load at module (part 3)efEwere no correlations between computer
anxiety and cognitive load for the post-test. &wd post computer self-efficacy were
negatively correlated to cognitive load at the medparts 2 and 3). There were no

correlations between self-efficacy and cognitived@t the post-test.
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Table 4.10 Pearson's Correlations Coefficientsdognitive Load (Module and Post Test)
with Confidence, Computer Anxiety, and Computerf-Eéficacy.

Module Cognitive Load Post Test Cognitive Load

Process- Process-

Part 1 Part 2 Part 3 Skill- develop. develop.
develop.  Near Far

transfer  transfer

Confidence Level on Module -380*  -.473**  -598* -257* -.120 -.087
Confidence Level on Test -174 -.256* -.346*  -458 -256* -.336**
Pre Computer Anxiety -.003 .100 11 -.032 -077 219
Post Computer Anxiety .106 .199 .390** .085 -.017 .076

Delta Computer Anxiety 154 151 .408** .160 .082 196

Pre Computer Self-Efficacy -.182 -.307* -.288* B11  -.220 -.069
Post Computer Self-Efficacy -.219 -.324* - 329** 218 -.128 -.064
Delta Computer Self-Efficacy -.073 -114 -121 214  -.077 -.010

*, Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 level@iled).

Overall, cognitive load at the module was siguifitty correlated to confidence level
on the test, post computer anxiety, and post coenmeatf-efficacy indicating that cognitive
load might affect performance through self-efficaehated variables. This finding is in
accordance to hypothesis H.2.3 - it was expectadctbgnitive load at the module would
negatively affect self-efficacy. To further examthese findings, correlations between
cognitive load on the module and the self-efficealgted variables were calculated
separately for each condition (see Table 4.11) |&\tverall there were significant
correlations between cognitive load on the moduatétae self-efficacy related variables,
interestingly, these correlations only existedhia topic-centered condition and not in the
task-centered condition. For the task-centereditongdcognitive load on the module was

only correlated to lower confidence level on thedure.
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Table 4.11 Pearson's Correlations Coefficientsdognitive Load on Module with
Confidence, Computer Anxiety, and Computer Selfdaffy for each Condition.

Module Cognitive Load

Task-Centered Training Topic-Centered Training
Part 1 Part 2 Part 3 Part 1 Part 2 Part 3

Confidence Level on Module -619**  -507**  -.464*F -351* -.652*  -.625**
Confidence Level on Test -.202 -.130 -117 -189 434* -.554**
Pre Computer Anxiety -.035 -.032 -.051 .075 275 35.2
Post Computer Anxiety -.191 -.058 -.074 178 A27*% .460**
Delta Computer Anxiety .267 115 .158 212 .386*  95%
Pre Computer Self-Efficacy .158 -.152 -.358¢ -.186 -.408* -.363*
Post Computer Self-Efficacy =211 -.216 -.118 -.332 -517** -.468**
Delta Computer Self-Efficacy -.100 -.110 -.179 418 -.265 -.259

*, Correlation is significant at the 0.05 leveltdled).
**_Correlation is significant at the 0.01 leveH@iled).

Correlations between cognitive load on the modulé performance on the module

and on the post-test were also calculated for eanHition (see Table 4.12). Likewise,

correlations between cognitive load at the moduoke @ost-test performance only existed in

the topic-centered condition, but not in the tasktered condition.
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Table 4.12 Pearson's Correlations Coefficients betwPerformance and Cognitive Load on
Module.

Module Cognitive Load

Task-Centered Training Topic-Centered Training

Part 1 Part 2 Part 3 Part 1 Part 2 Part 3

Module performance:

Part 1 .005 .002 -.006 -.044 -.009 .017
Part 2 .018 -211 .028 -.169 .041 -.031
Part 3 -.391* -.334 -.105 -.493** -.309 -.183

Post test performance:

Skill-develop. -.008 .097 .011 -.361* -379* 231
Process-develop. Near Tr. -.338 -.150 -.288 355* -.397* -.354*
Process-develop. Far Tr. -.196 .004 -.052 1-.27 -.372* -.494**

*, Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 level@iled).

Time on Task

Table 4.13 presents correlations between thee$igthicy related variables and time
on task. Confidence level on module was positigelyelated to process-development test
(near and far transfer) completion time. In additipost computer anxiety was negatively
correlated to process-development test (far trangfimwever, apart from these correlations,

no correlations were found between the self-effraatated variables and time on task.
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Table 4.13 Pearson's Correlations CoefficientsTione on Task (Module and Post Test)
with Confidence, Computer Anxiety, and Computerf-Eéficacy.

Process- Process-
Skill- development development
development test test
Module test (near transfer) (far transfer)
completion completion  completion  completion
time time time time
Confidence Level on Module -.130 .006 .283* .252*
Confidence Level on Test -.082 =177 144 191
Pre Computer Anxiety .078 -.020 -.080 -.125
Post Computer Anxiety 127 .015 -.122 -.284*
Delta Computer Anxiety .073 .044 -.063 -.232
Pre Computer Self-Efficacy -.038 -.149 .073 114
Post Computer Self-Efficacy -.042 -.052 .150 .148
Delta Computer Self-Efficacy -.038 .072 .076 .070

*, Correlation is significant at the 0.05 levelt@led).

Attitudes

Learner’s attitudes toward instruction were meaegwsing Kellers’ (1993)
Instructional Materials Motivational Survey (IMMS¥hich consists of four categories:
attention, relevance, confidence, and satisfacliable 4.14 presents correlations between
self-efficacy related variables and attitudes talxtaaining. Overall, self-efficacy related
variables were strongly correlated to all the IMBE@egories. The exceptions were pre
computer anxiety that was not correlated to IMMS3eRance and IMMS-Confidence, and
pre computer self-efficacy that was not correldtetMMS-Relevance and IMMS-

Satisfaction.
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Table 4.14 Pearson'‘s Correlations Coefficientdristructional Materials Motivational
Survey (IMMS) with Confidence, Computer Anxiety,da@omputer Self-Efficacy.

IMMS - IMMS - IMMS - IMMS -
Attention Relevance Confidence Satisfaction

Confidence Level on Module .334** A24** .709** 9%
Confidence Level on Test 72 278* 541** A421%*
Pre Computer Anxiety -.330** -191 -.186 -.273*
Post Computer Anxiety -.352** -.356** -.551** -.489
Delta Computer Anxiety -.064 -.254* -.536** -.321*
Pre Computer Self-Efficacy .288* .193 272* .165
Post Computer Self-Efficacy A7 408** 5971 ** 28**
Delta Computer Self-Efficacy .266* .289* AT1F* a5

*, Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 levek@iled).

Last, table 4.15 presents the inter correlatiata/ben the self-efficacy related

variables. As expected, computer anxiety was negjgitcorrelated to computer self-efficacy

and to confidence levels.
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Table 4.15 Inter Correlations between Confidenamguter Anxiety, and Computer Self-
Efficacy.

(1) (@) ®3) (4) (5) (6) (7) (8)

(1) Confidence

1 623*  -313* -558%* -377** 371 537  316*
Level on Module
(2) Confidence 623%* 1 -180  -.415%  -341%  272%  .3093* 234
Level on Test
(3) l?re Computer -313*  -.180 1 736 -276*  -303* -.432%  -264*
Anxiety Scale
(4) '.DOSt Computer -558% - 415%  736** 1 AATF - D73% - B85 _ Agp+
Anxiety Scale
(5) I_Delta Computer S377F -341%  -276*% 44T 1 013 -259%  -.334%*
Anxiety Scale
(6) Pre Computer o1 o706 303 273+ 013 1 6307 -237
Self-Efficacy Scale
(7) PostComputer ..., s93ec 4300 _sgse  _250*  630% 1 605+
Self-Efficacy Scale
(8) Delta Computer o, o) 64« _agae 33a% 237 605 1

Self-Efficacy Scale

*, Correlation is significant at the 0.05 leveltgled).
** Correlation is significant at the 0.01 leveH@iled).

Research Question 3
Does self-efficacy mediate the effects of instoneti strategy on: (1) skill-development
performance, (2) near transfer process-developrperformance, and (3) far transfer

process-development performance?

To answer the third research question, a media¢sin(Baron & Kenny, 1986) was
performed to examine whether self-efficacy is asicant mediator of the instructional
strategy effects on performance. In other words,tdst examined whether instructional
strategy influences performance by first improveaif-efficacy. A Sobel test was followed
to confirm the results (Sobel, 1982).

Four initial steps are necessary in establishiegiation. It is necessary to show that:
(1) the IV significantly affects the mediator (Akigure 4.4), (2) the IV significantly affects
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the DV in the absence of the mediator (C in Figur®, (3) the mediator has a significant
unique effect on the DV (in the presence of the(®)n Figure 4.4), and (4) the effect of the
IV on the DV shrinks upon the addition of the mealido the model (C-C’ in Figure 4.4)
(Baron & Kenny, 1986; Mackinnon & Kenny, 2001).

C DV - Performance

Skill-development
Process-development (near transfer)
Process-development (far transfer)

\ 4

|| [V - Condition H

Mediator — self-efficacy
Confidence level on module
IMMS confidence

Delta computer anxiety

A (Sn) B (S5)

C’ DV - Performance

> Skill-development
Process-development (near transfer)
Process-development (far transfer)

A

Figure 4.4 lllustration of the Mediation Effect Eeqied in the Current Study

A = raw (unstandardized) regression coefficientth@r association between 1V and mediator.
Sa = standard error of A
B = raw (unstandardized) regression coefficientli@ association between the mediator and
the DV (when the IV is also predictor of the DV).
Sg = standard error of A

The variables that were considered to represéirefieacy and therefore as
mediators for this model were confidence level @mdaole, IMMS-confidence, post computer
anxiety, delta computer anxiety, post computers#itacy, and delta computer self-
efficacy. These variables represent the particgddenel of self-efficacy at the end of the
module and before the post test. It should bedchibtat the meditational model is a causal
model, thus, the mediator is presumed to causeuts®me and not vice versa. For that
reason, confidence level on test was not considesedpossible mediator because it is
possible that performance on the post-test infladrthis variable and not vice versa as
desired. In addition, pre computer anxiety andqamaputer self-efficacy were not considered
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as mediators because it was not possible to clatthe 1V (instructional strategy) had an

effect on these variables (that were measured fwitaining).

To test the first step, regressions with the lgdicting the mediators were performed
to test whether the 1V significantly affects thediaors (see Table 4.16). Results indicated
that instructional strategy significantly affectashfidence level on modulez 2.042p =
.045, significantly affected IMMS-confidendes 2.002,p = .05, which is the level of
confidence the learners felt with respect to trstrirctional materials, and significantly
affected delta computer anxietys -2.123 p = .038. Nevertheless, instructional strategy did
not have a significant effect on post computer-efitacy,t = .867,p = .389, delta computer
self-efficacy,t = 1.447 p = .153, and post computer anxidty, -1.784p = .079.

Table 4.16 Results of Regressions with the IV Rtedj the Mediators

Mediators b t p
Confidence level on module 414 2.042 .045
IMMS-confidence .384 2.002 .05
Post computer anxiety -.219 -1.784 .079
Delta computer anxiety -.182 -2.123 .038
Post computer self-efficacy 400 .867 .389
Delta computer self-efficacy 528 1.447 153

For the second step, it was already establishegsearch question one that
instructional strategy has a significant effects&ill-development performance and process-
development (near and far transfer) performandkarabsence of a mediator. For the third
step, it was necessary to show that the mediatalsagnificant unique effect on the DV in
the presence of the IV. To test this question,eegons were conducted predicting
performance with condition entered in the firspsa@d the potential mediator entered in the
second step. Results indicated that all the medidiad a significant unique effect on all the
performance measures in the presence of the IVesbgor (see column B in Table 4.17).
For IMMS confidence, although condition predictédls<ievelopment performance in the
first step,t(1,63) = 2.33p < .05, in the second step IMMS confidence was a fogmit
predictor, and condition was no longer significant; .129. Nevertheless, for all the other

variables, condition remained a significant preatichdicating a partial mediation effect.

Lastly, a Sobel test was performed to test whetepartial effect of the IV on the
DV via the mediator is significantly bigger tharraéor confidence level on module and for
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IMMS-confidence as the mediators, and significafdlyer than zero for delta computer
anxiety as the mediator (see Table 4.17). Resudisated that confidence level on module
was a significant mediator of the effect of instroical strategy on near transfer process-
development performance=1.764,p = .038, and far transfer process-development
performancez =1.716,p = .043. Likewise, IMMS-confidence was a significargarator of

the effect of instructional strategy on skill-desfginent performance,=1.769,p = .038,

near transfer process-development performanee],.877,p = .03, and far transfer process-
development performance=1.785,p = .037. Last, delta computer anxiety was not found to
be a significant mediator of skill-development peniancez = 1.595,p = .055, near transfer
process-development performanze; 1.457,p = .072, and far transfer process-development
performancez =1.623,p = .052, although results were close to significaieerall, results
indicated that self-efficacy is a significant medreof the effect of instructional strategy on

performance.

Table 4.17 Coefficients used for the Sobel Test

Mediator DV — Performance A QE B SE SToebS(:I 0
Skill-development A14* 203 266+ 75 1443 o7

Confidence Process-development

level on (near transfer) 414* .203 .033*** .265 1.764 .038
module P d I ¢
(f;?‘;f:ssfeer‘)’e OPMENt: 494+ 203 970 305 1.716 043
Skill-development g, 192  1.398** 368 1.769 038
IMMS Process-development N .
confidence (noar transfen 384 192  1.374 252 1.877 03
Process-development g, 192 1.23% 310 1.785 037

(far transfer)

Skill-development _,0..  0gg 2151 886 1.595 055

Efrlrt]?)uter Process-development _ 18>« 086  -1.375*  .684  1.457 072
: (near transfer)
anxiety

Process-development _ 1 g+ 086  -1.918*  .758 1.623 .052
(far transfer)

*p <.05; *p <.01, ***p <.001

A = raw (unstandardized) regression coefficientth@r association between 1V and mediator.
SE, = standard error of A

B = raw (unstandardized) regression coefficientli@r association between the mediator and
the DV (when the IV is also predictor of the DV).

SE; = standard error of B

Note: Sobel P is based on one-tailed probability
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Research Question 4

Is there an interaction between learner’s levetégpertise and treatment condition with
regard to: (1) computer self-efficacy, (2) compuakiety (3) learners satisfaction (4)
cognitive load (5) skill-development performan&g,{rocess-development performance

(near and far transfer), and (7) time on task?

The level of expertise (ranging from 0-9) of thetripants was measured using a
self-report questionnaire that include experiemcdaveloping Internet applications,
experience developing in Flash, and programmingeepce (see Table 3.6). Most of the
participants in this study had very low prior leegélexpertise. Of the 65 participants, 45
(69.2%) received the score 0, 12 (18.5%) receikedstore 1, six (9.2%) received the score
2, one received the score 3 and one received tre 5c Because most of the participants
(96.9%) reported low level of expertise (less tBaout of 9) it was not possible to use level

of expertise as a factor in a 2x2 ANOVA analysis.
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CHAPTER V: DISCUSSION

The purposes of the current study were to (a)stigate whether and why a task-
centered approach might be superior to a topicetedtapproach for problem solving, (b)
attempt to reveal emotional and cognitive procebséind complex learning in the domain
of technological skills, and (c) provide recommerales for effective training methods while
considering individual differences. In particulinvas of interest to investigate (1) what are
the effects of instructional strategy (task-cerdere. topic-centered) on performance,
cognitive load, time on task, and attitudes (corapsélf-efficacy, computer anxiety, and
motivation), (2) what are the relationships betweemputer anxiety, computer self-efficacy
and performance, cognitive load, time on task, atitides toward training, (3) whether self-
efficacy mediate the effects of instructional siggt on performance, and (4) is there an
interaction between learner’s level of expertisé eatment condition with regard to the

dependant variables.

To achieve the study purposes two computer-bamsdictional strategies, task-
centered and topic-centered, were employed. Pegioce) cognitive load, confidence, and
time on task were measured on the module and opatetest. In addition, computer anxiety
and computer self-efficacy instruments were adrtengsl twice, before (pre) and after (post)
the module. Last, after completing the module,rleds motivation was measured using
Kellers’ (1993) Instructional Materials Motivationaurvey (IMMS) (see Appendix E),
which consists of four categories: attention, ratese, confidence, and satisfaction.

Next, findings are discussed starting with the&§ of instructional strategy on the
dependent variables, continuing with the relatigmshetween self-efficacy related variables
and the dependent variables, and concluding wemthdiation effect of self-efficacy on
performance. Discussion of the study limitationsplication, and suggestions for future

research conclude this chapter.
Research Findings

According to Mayer (1998) effective instructiorms problem solving should address
three components: skill, metaskill, and will. Theseponents according to Mayer are best
learned within personally meaningful contexts wheeeproblem solvers’ motivational needs
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are addressed and emotional support is providesse three components are addressed in a
task-centered instructional strategy. Rooted indBaa's (1986) Social Cognitive Theory in
which the effects of the environment on human beinare assumed to be mediated by
cognitions with a continuous reciprocal interactionthe current model two reciprocal

interactions are assumed to be in the heart ofdaskered instructions.

These interactions that can be viewed as twoipes#edback loops include
performance-motivation loop and performance-cognitoop (see Figure 2.12). In the
performance-motivation loop, the progression oksgdsom easy to difficult increases the
likelihood of successful completion leading to aorease in self-efficacy, which in turn
should influence performance further (e.g., BouffBouchard, 1990). In the performance-
cognitive loop, authentic-tasks, which charactetask-centered instructions, can help the
learner construct schemata, which may reduce wgnkieamory and lead to better
performance, which in turn may further increaseestéita construction. Thus, it was
expected in the current study that task-centersiluation would result in better performance

as a result of motivational and cognitive consitiers.

Main Effects of Instructional Strategy

Effects of Instructional Strategy on Performance

Regarding the instructional modules, as expethenie was no significant difference
between the conditions in performance on the mofidulpart 1, and for part 2, which were
performed very well by both conditions. Neverths|gsarticipants in the task-centered
condition performed significantly better than peigants in the topic-centered condition in
part 3. It should be noted that the participantsevggaded for different performances in the
two conditions which are not comparable. Yet, paniance on module parts was compared
to identify different patterns of performance beabain the two conditions. In the topic-
centered condition, the participants learned alsitgpic on each part. In part 3 they were
then first introduced to buttons which is the nuiifficult topic. This resulted in a decrease in
performance, which was significantly lower than geegformance of participants in the task-
centered condition for part 3. In the task-centea@aldition, on the other hand, participants
were faced with a complete task that involvedtadl topics starting from part 1 of the
module. Thus, participants were introduced to tipéctof buttons starting from part 1 and

were gradually introduced to more difficult elenseaf the topic on each part. Even though
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this difficult topic was introduced starting at thst step for the task-centered condition,

there was no significant difference in performabeeveen the conditions for parts 1 and 2.

Regarding the post test, as expected, participanke task-centered condition
performed significantly better on the skill-devatognt test, performed significantly better on
the near transfer process development test, afiorped significantly better on the far
transfer process development test. In the proposmtel for this study, it was assumed that
the task-centered instructional strategy will iefice motivational (self-efficacy, anxiety,
interest, outcome expectations) and cognitive (®eheonstruction, cognitive load) factors
resulting in increased performance as found. Ttodehwill be further tested in the

following sections.

Effects of Instructional Strategy on Cognitive Load

Regarding the instructional modules, in contraghe hypothesis, there was a
significant difference between the conditions igmtive load during the module on part 1,
on part 2, and on part 3. While on part 1 and paagnitive load was significantly higher for
the task-centered condition, on part 3 cognitialwas significantly higher for the topic-

centered condition.

Authentic-tasks can help the learner constructsietia, which provide a mechanism
for knowledge organization and storage and helpaedvorking memory load and therefore
cognitive load. Nevertheless, the risk of authetdagks is that the learner may be faced with
extremely high levels of cognitive load that wasrd to have negative effects on learning,
performance, and motivation (Sweller, van Merriesth@& Paas, 1998). In parts 1 and 2,
participants in the task-centered condition rembsignificantly higher cognitive load that
was likely a result of the fact that they wereaninced to whole tasks that involved different
topics. In particular, for the task-centered canditcognitive load on part 1 was significantly
higher than on part 2. Nevertheless, in contraptéwious findings (Sweller, van
Merrienboer, & Paas, 1998), the higher cognitivedlavas not accompanied by reduced
performance. Another explanation for the increasmghitive load on the first two parts is
that task-centered approach is characterized lorarpractice schedule, or in other words,
in each task the topics appear in random ordero’lneg to van Merrienboer & Sweller
(2005), it was found that high contextual interfere (i.e., a random practice schedule)

increased cognitive load during training nevertbglienproved transfer performance. Thus,
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the existence of contextual interference in thi-tantered condition was also a possible
cause for the increased cognitive load accompaydaktter transfer performance.
Nevertheless, while the initial cognitive load Inettask-centered condition was higher, it was
reduced in part 2 and part 3. In the topic-centeedtition, on the other hand, initial
cognitive load was lower, nevertheless, when thiggigants were introduced to the complex
topic of buttons in part 3 their cognitive loadrieased significantly and was indeed

accompanied by reduced performance.

Regarding the post test, it was expected thaedime participants in the task-centered
condition may have acquired better schemata, dognitive load would be lower during the
post test, yet no significant differences were fbtor cognitive load. Still, even though there
was no significant difference in cognitive loadvween the conditions during the post test,
performance was significantly higher for the tagkiered condition. These findings are
consistent with the findings reported by Lim et(@009) who found significant difference in
performance between part-task and whole-task dondityet no difference in perceived
cognitive load.

Effects of Instructional Strategy on Time on Task

Regarding the instructional modules, while as etgubthere was no difference
between the conditions in the overall total comptetime of the modules, participants in the
task-centered condition spent significantly moneetion part 1, significantly more time on
part 2, and significantly less time on part 3 tparnticipants in the topic-centered condition.
These results are consistent with the results féondognitive load and performance. For
the task-centered condition, part 1 was the mastaeling, as they had to develop a whole
task for the first time. In the following parts,grotive load and completion time were
reduced and performance increased. For the topiie condition, parts 1 and 2 were
relatively easy, however part 3 in which the tapli®uttons was introduced resulted in higher
cognitive load, longer time, and reduced perforneanc

Regarding the post test, as expected, there wagnificant difference between the
conditions for time spent on the skill-developmist. In contrast to the hypothesis, no
significant differences were found for time spenttloe near transfer process-development
test, and on the far transfer process-developneshtit was expected that the superior

performance of the task-centered condition wilbakssult in faster performance. It is
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possible that participants in the task-centerediitimm were more motivated and spent
longer time to make sure they were successfuhdukl be noted that while there was no
significant time difference between the conditigms;formance was significantly higher for
the task-centered condition, indicating they wéale & complete the tasks more successfully

yet in the same time.

Effects of Instructional Strategy on Attitudes

Consistent with the hypothesis, participants antsk-centered condition reported
significantly lower computer anxiety after the mtathan participants in the topic-centered
condition. In contrary to the hypothesis, there wasignificant difference in computer self-
efficacy between the conditions. The computer sHitacy scale concerns computers in
general and was not specific to the subject ofribdule. It is possible that it did not reflect
accurately the participants’ sense of self-efficatty respect to the specific content of the

module (i.e., developing with Flash).

To test the participants’ self-efficacy with respt the specific elements covered in
the module the participants were asked after etgghaf the module to report their level of
confidence. Participants in the task-centered ¢mmdreported significantly higher
confidence on part 3 than participants in the tagiotered condition. There was no
significant difference between the conditions ipated confidence on parts 1 and 2. Again,
these findings are consistent with the findingsgerformance, cognitive load, and time on
task. For the topic-centered condition, part 3 th@smost challenging and resulted in
increased cognitive load, increased time, reduegtbpnance and reduced confidence. It
should be noted that for the task-centered comdit@en though the first part involved
significantly higher cognitive load and significenionger time, it did not result in reduced
performance or reduced confidence. In fact, conftedevel on module for the task-centered

condition remained constantly high throughout trelaole (see Figure 4.3).

Participants’ level of confidence was also measarethe post-test. In contrary to the
hypothesis, there was no significant differencevieen the conditions in participants’
reported confidence during the post test. Appayetiie post test was difficult for all the
participants as indicated by the increased cognlted and reduced level of confidence. Yet,
participants in the task-centered condition pertraignificantly better on all the post-test

items.
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Last, learners’ attitudes toward instruction wereasured using Kellers’ (1993)
Instructional Materials Motivational Survey (IMMS¥hich consists of four categories:
attention, relevance, confidence, and satisfacésrexpected, participants in the task-
centered condition indicated significantly highevel of relevance, and significantly higher
level of confidence. Nevertheless, there was noifstgint difference between the conditions

in reported level of attention and in reported lefesatisfaction.

These findings strengthen the research modelnegpect to cognitive and
motivational considerations. Regarding relevanc¢he task-centered condition the use of
authentic and relevant problems is very likely toyade for an interesting learning
environment increasing motivation and sense oteglee. As noted by Merrill (2007b),
traditional instruction is often not clear with exd to how the knowledge and skill
components will eventually be applied, causingitisgruction to lack the necessary
relevance for the learner. Regarding confidencepraking to Bandura (1986), actual
experiences is the most important source of sétfeafy (Stipek, 2002) whereas task-
centered instruction provide extensive actual @gpees. In addition, an authentic task can
help the learner construct schemata not only dhalicomponents of the tasks but also of the
way the different components relate to each otheclwmay increase performance and again

as a result increase self-efficacy and confidence.

Regarding attention and satisfaction, while tls4@entered condition was expected
to report higher attention and satisfaction leviels possible that as a result of a novelty
effect there were no differences between the cmditin attention and satisfaction. In
particular, in both the conditions the participantre asked to complete an engaging online
module in which they learned completely new sofewarhis exposure may have been
engaging enough for both the condition that matheereason for the similar attention and

satisfaction levels.

Correlations between Self-Efficacy and the Dependaiariables

According to Social Cognitive Theory (Bandura, @98he effects of the
environment on human behavior are assumed to bataddy cognitions with a continuous
reciprocal interaction between the environment Imclv an individual operates, personal
factors, and behavior. Personal factors in theecuirstudy include motivational and cognitive

factors, whereas behavior can be viewed as thena@isde performance. Regarding
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motivational factors, the task-centered approach imarease self-efficacy through positive
actual experience. High self-efficacy is associatét longer persistence at tasks (Bouffard-
Bouchard, 1990), effort put in completing the taskhand (Bandura, 1986), use of
constructive strategies for learning (Pintrich & Geoot, 1990), positive emotions, and
reduced fear and anxiety (Zimmerman, 1995), allloch affect achievement outcomes.
Regarding cognitive factors, authentic-tasks, aap the learner construct schemas that
provide a mechanism for knowledge organizationstocage and help reduce working
memory load, which may result in better performafdris, cognitive load for example may
influence performance that can then influence s#i€acy, which in turn can further

influence performance.

Accordingly, it was hypothesized that learnersf-séicacy will be positively
correlated to skill-development and process devetoy performance tests, to lower
cognitive load, and to better attitudes towardsttaming regardless of the training condition.
In addition, it was hypothesized that learners’ pater anxiety will be negatively correlated
to learners’ computer self-efficacy.

Correlations between Self-Efficacy and Performance

Regarding the module, confidence level on modidéa computer self-efficacy, and
post computer self-efficacy were positively cortethto performance on part 1 and
especially to part 3 of the module. Accordinglyltaleomputer anxiety was negatively
correlated to performance on part 1 and espeaallgart 3 of the module. Overall, it appears
that performance on the third part of the modufliénced self-efficacy, confidence, and
anxiety. It was also expected that pre computdresitacy and pre computer anxiety would
influence performance on the module; neverthetesse were no correlations between pre
computer anxiety and pre computer self-efficacy pedormance on the module. A possible
explanation could be that there was not a lot ofwdity in performance in the module
(especially on parts 1 and 2). Thus, overall mbsh® students performed extremely well,

disabling a correlation to occur.

Regarding the post-test, confidence level on mnmdiglta computer self-efficacy, and
post computer self-efficacy were positively cortethto performance on the post-test. Delta
computer anxiety was negatively correlated to parémce on the post-test. There were no

correlations between pre computer anxiety and pnepater self-efficacy and performance
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on the post-test. Apparently, by the time the sttsleeached the post test, their self-efficacy
has already changed, and was indeed positivelgleded to their performance on the post-

test.

Overall, these findings are consistent with theticmous reciprocal interaction
indicated in Bandura’s Social Cognitive Theory (Bara, 1986). Apparently, performance
on the third part of the module influenced seligzity, confidence, and anxiety, which in

turn influenced performance on the post test.

Correlations between Self-Efficacy and Cognitive Lad

Cognitive load was found to have negative effectdearning, performance, and
motivation (Sweller, van Merrienboer, & Paas, 1998jus, it was expected that self-efficacy
will be negatively correlated to cognitive load. &dall, as expected, high cognitive load
resulted in lower self-efficacy and confidence aigher computer anxiety. Unlike
performance, for cognitive load pre computer s#ltacy was correlated to cognitive load
on parts 2 and 3 of the module, suggesting thatiteg load may be more sensitive to prior

psychological state than performance.

Confidence level on test was negatively correléecbgnitive load on the module
(parts 2 and 3) and post-test. Confidence leveéhermodule was negatively correlated to
cognitive load at the skill-development test. Néveless, there were no correlations between
computer anxiety and self-efficacy and cognitiveddor the post-test. It is possible that
cognitive load during the module affected selfegttiy which in turn affected performance on
the post-test.

To further examine these findings, correlationsveen cognitive load on the module
and the self-efficacy related variables were cal@d separately for each condition. While
overall there were significant correlations betweegnitive load on the module and the self-
efficacy related variables, interestingly, thesg@ations only existed in the topic-centered
condition and not in the task-centered conditiarr. the task-centered condition, cognitive
load on the module was only correlated to lowerfidemce level on the module. A possible
explanation is that computer self-efficacy and catapanxiety which were measured right
after the end of the module were most influenceddmnitive load on the third part of the
module. For the topic-centered condition, the tipiadt was the most demanding in terms of

cognitive load, thus having greater influences laliso possible that cognitive load in the
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task-centered condition was not perceived neggtaglin the topic-centered condition and
indeed, in parts 1 and 2 cognitive load was sigaiftly higher for the task-centered
condition yet their performance and confidence wertelower (in fact they were also higher
although not significantly). Accordingly, correlatis between cognitive load at the module
and performance at the post-test only existedertdpic-centered condition, but not in the

task-centered condition.

Correlations between Self-Efficacy and Time on Task

Confidence level on module was positively coredatio process-development test
(near and far transfer) completion time. In additipost computer anxiety was negatively
correlated to process-development test (far trandfiowever, apart from these correlations,
no correlations were found between the self-efffaatated variables and time on task.
Overall it appears that the time spent on thewestslightly correlated to confidence on
module and computer anxiety. It is possible thgh&r confidence increased the participants’

motivation to spend more time on the post test

Correlations between Self-Efficacy and Attitudes

Learner’s attitudes toward instruction were meaegwsing Kellers’ (1993)
Instructional Materials Motivational Survey (IMMS)verall, self-efficacy related variables
were strongly correlated to all the IMMS categariBsese results were expected and can
serve as evidence to the validity of the variowescused in this study as measured of
motivation. In addition, as was found by Zimmern{a895), self-efficacy was negatively

correlated to computer-anxiety.

Mediation Effect of Self-Efficacy on Performance

Confidence level on module was found to be a 8ot partial mediator of the
effect of instructional strategy on near and fansffer process-development performance.
Likewise, IMMS-confidence was a significant medrabdthe effect of instructional strategy
on skill-development performance, and near angrfacess-development performance.
Lastly, delta computer anxiety was not found talsgnificant mediator of performance,

although results were close to significance.

Overall, results indicated that self-efficacy isignificant partial mediator of the
effect of instructional strategy on performancee3dresults are in alignment with Bandura’s
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(1986) Social Cognitive Theory, in which the effeof the environment on human behavior
are assumed to be mediated by cognitions. It shmelldbted that the effect of instructional
strategy on performance was reduced but still ediafter adding the mediators to the
regression model. This indicates that while sdfizaty plays an important role in
influencing performance, there are additional atgpetthe instructional strategy that
influence performance as well. Thus, for examgie,task-centered instructional strategy

might facilitate schema construction that alsodragmportant influence on performance.

Limitations

There are several limitations to this study. t-bfge duration of the intervention was
~105 minutes. Ideally, comparison of the two inglimnal approaches should span over a
longer period of time. According to van Merrienbeeal. (2007, p. 10) their model “will
typically be used to develop training programsuidsantial duration - ranging from several
weeks to several years”. Nevertheless, significaliiterences were found in similar
comparisons that also did not span over a longgei time (e.g., Lim, Reiser, & Olina,
2009), indicating that differences between the aagines might be found even after a short

intervention as was the case in the current study.

Second, because participants volunteered to takemnpthis study, it was possible that
participants who volunteer for this study have ligbelf-efficacy, lower computer anxiety
and more experience than the general populatioweier, it turned out that the majority of
participants in this study did not have any prigpe&rience, making it impossible to
generalize the findings to populations with highgor experience and to explore the

interactions between prior experience and instoueti strategy.

Third, also concerning generalizability, the domai this study was programming,
thus, further studies are needed to generalizeliberved differences between the

instructional approaches to other domains.

Last, performance in this study was rated by @mg examiner. The reason for that
was that the domain of the module required spepriagramming skills in Flash for rating
the participants’ answers and it was not possibfenti more than one rater qualified for the

task. To control for rating reliability, a specifgrading scale was defined for each question.
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Implications

In terms of theoretical implications, as mentiobetore, rooted in Bandura’'s (1986)
Social Cognitive Theory, in the proposed theoréticadel two reciprocal interactions were
assumed to be in the heart of task-centered inginsc These interactions that can be
viewed as two positive feedback loops include pemémce-motivation loop and
performance-cognition loop (see Figure 2.12). Tdwlts of this study support the proposed
theoretical model. Task-centered instructionaltegraresulted in better performance while
completing the module, which led to an increassgelfirefficacy, which then led to better
performance on the post-test. The superior perfocaman the post-test was also likely a
result of cognitive considerations including adweshechemata construction in the task-
centered condition. This theoretical model can deuo further investigate the cognitive and

motivational factors that are in the heart of cagmgearning.

This study holds practical implication for edugatm general and for the field of
instructional design. Overall, findings of thisdy demonstrate the important role of
motivation in learning. In particular, self-efficawas found to be a mediator of performance
and should be considered carefully by educatoradtition, findings of this study
demonstrate the advantages of the task-centergddtisnal strategy (Merrill, 2007b). The
task-centered instructional strategy was desigpedifically for the purpose of teaching
complex problem-solving skills and emphasizes tie@gcim the context of a concrete real
world task. Nevertheless, unlike other problem-essd instructional methods (e.g.,
constructivism) the task-centered instructionatstyy is a form of direct instruction but in

the context of authentic, real-world tasks (Mer&i009).

Unlike traditional part-task instructional strategy(e.g., Gagné, 1968), which assume
that any task can be broken down into a colleabibinstructional objectives that need to be
mastered, the task-centered instructional strateggntent-centered meaning the content-to-
be-learned and not the objectives are specifistl fdpecifically, a progression of complete
tasks with increasing complexity is specified aad/es as the backbone of instruction. Thus,
while topic-centered instructional strategies usualach the content in a hierarchical fashion
(i.e. only one topic is taught at a time, untiltAk component skills have been taught), in
task-centered instructional strategies a simplifiesion of the whole task is demonstrated
right up front and the instructions that follow pide the necessary information to complete
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this task. Findings of this study suggest usingdis&-centered instructional strategy for the

purpose of teaching complex problem-solving skilith far-transfer needs.

Future Research

Several directions for future research shoulddresiclered. First, in the current study,
a theoretical model which assumed two positivelfeeld loops (performance-motivation
loop and performance-cognition loop) was invesadaind overall the findings supported
this model. Nevertheless, due to its limited tinhiéhe intervention, in the current study there
were only several main measures of performanceyitteg load, and motivation, including
performance and cognitive load on the module arst-{@gst and attitudes before, during, and
after the module. Future studies should furtheestigate this theoretical model by
employing longer periods of instruction that coatthble a better understanding of the

reciprocal interactions between performance, cagnitnd motivation.

Second, in the task-centered instructional etrgtwhich is a content-centered
approach, a progression of complete tasks witleaging complexity is specified first. In the
current study, which involved programming in Flastiee tasks from easy to hard were
specified for the task-centered condition. Futeearch should further investigate the
process of specifying the progression of tasks.eixample, a too slow progression may have
negative consequences for learning due to decneasierest. A too fast progression may
have negative consequences for learning due tbighocognitive load. Thus, future research
should provide recommendations for how to speciyagression of complete tasks that

maximize learning.

Third, this study revealed interesting findingshaiespect to cognitive load. It was
found that using highly complex learning tasks,ahhinvolve high cognitive load have
negative effects on learning, performance, andvattin (Sweller, van Merrienboer, & Paas,
1998). In the current study, indeed, cognitive laad higher for the task-centered conditions
in the first two parts of the module. Neverthelels,performance and confidence in these
two parts were not lower than the performance amfidence of the topic-centered
condition. Moreover, while cognitive load in theio-centered condition was negatively

correlated to self-efficacy and post-test perforogaim the topic-centered condition, these
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correlations did not exist in the task-centereddation. Yet, it should be noted that the high
cognitive load in the third part of the module foe topic-centered condition was indeed
associated with decreased performance and decreasfdence. These findings indicate
that cognitive load under certain circumstances nayhave negative effects on learning,
performance, and motivation. Future research shiouther investigate the conditions under
which cognitive load may have an overall positiffea. For example, it is possible that for
the task-centered condition the high cognitive lmathe first two parts of the module was
germane in its nature, whereas for the topic-cedteondition the high cognitive load in the
third part of the module was extraneous in its r@tbuture research should also aim at
finding measurement of cognitive load that can iifgthe exact nature of the cognitive load

reported (e.g., intrinsic cognitive load, extran@cagnitive load, or germane cognitive load).

Forth, in the current study, the superiority & thsk-centered instructional strategy
was demonstrated in settings that involved learfilagh individually by completing a
computerized module. Future research should exttentindings to other settings. For
example, in constructivism, learning settings oftestude working in collaboration. Thus,
future research should investigate the effect s-tzentered instructional strategy in settings
that involve working in collaboration, class segsnand so on. In addition, future research
should consider other domains in addition to progreng as well as other populations
including young children.
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APPENDIX A. PILOT STUDY

Abstract

The purpose of this study was to examine the effemstructional strategy type
(part-task vs. whole-task) on acquisition of a cterognitive skill — developing an
application in Flash using ActionScript. In partex) we measured the effects of the
instructional strategy type on task performan@mdfer, time on task, cognitive load, and
attitudes. Expertise levels of the learners wese abnsidered. Six females and four males
volunteered to participate in a pilot study thaswanducted online and were randomly
assigned to one of the two conditions. Althoughdhserved differences were not
significant, participants in the whole-task coraltiperformed better on the module and on a
transfer test than participants in the part-tasiddgmn. In addition, participants in the whole-
task spent more time on the module and test arattezgphigher cognitive load. Finally,
participants in the whole-task condition were digantly more satisfied with the module.
Overall, the initial results support the use of Vehtask instructional strategy for teaching

complex cognitive skills.

Introduction

The importance of using real-world authentic taslspecially in the context of
complex cognitive learning, is evident in recerstinctional strategies (Merrill, 2002a; van
Merrienboer, 1997). Complex learning aims at thiegration of knowledge, skills, and
attitudes; the coordination of qualitatively diet constituent skills; and the transfer of what

is learned to other tasks (van Merrienboer, Kirech& Kester, 2003).

Authentic tasks, which in nature integrate différkenowledge, skills, and attitudes,
can facilitate the process of not only learningaas skills but also integrating and
coordinating the different component for effectisaek performance. Specifically, authentic
tasks can help the learner to construct a schefvataMerrienboer & Sweller, 2005).
Practical educational approaches that focus oreatithtasks include project-based
education, the case method, problem-based learmmbcompetency-based learning (van
Merrienboer, Kirschner, & Kester, 2003). Similarllgeoretical models that focus in real-

world authentic tasks include Collins, Brown, anemhnan’s (1989) theory of cognitive
114



APPENDIX A. PILOT STUDY

apprenticeship learning, Jonassen’s (1999) thebcgnstructive learning environment,
Nelson’s (1999) theory of collaborative problemvénd,, and Schank, Berman, and
MacPerson’s (1999) theory of goal-based scenatrio.

The main risk of those approaches is that thenéganay be faced with extremely
high levels of cognitive load when trying to sobue authentic real-world complex problem.
Cognitive load theory (CLT) assumes a limited wogkmemory that stores about 7 elements
(x2) but operates on just two to four elements. KW@y memory load may be affected either
by the intrinsic nature of the learning taskdr{nsic cognitive load) or by the manner in
which the tasks are presentedtfaneousognitive load) (van Merrienboer & Sweller,
2005).

Based on the assumption that extraneous cogdi@ceis not necessary for learning,
traditional approaches for reducing cognitive lé@clised on different ways to reduce the
extraneous cognitive load of instruction. Swelleale (Sweller, van Merrienboer, & Paas,
1998) presented those main effects that can betageduce extraneous cognitive load,
which include the worked example effect, the corigiteproblem effect, the split attention
effect, the modality effect, and the redundancg&f{Mayer & Moreno, 2003). Nevertheless,
those methods to decrease extraneous cognitiventagichot be sufficient in the case of real-
world complex problem where the intrinsic cognitlead may be too high for novice
learners; not leaving them enough resources famalctonstruction. It was found that using
highly complex learning tasks from the start haggative effects on learning, performance,
and motivation (Sweller, van Merrienboer, & Pa&@98). On the other hand, authentic-task
can help the learner construct schemata not ordyl tiie components of the tasks but also of
the way the different components relate to eachrotfrom CLT perspective, in addition to
helping organize and store knowledge, schematallijgaduce working memory load
because even a high complex schema can be dealasvanly one element in working
memory (van Merrienboer & Sweller, 2005). For exéengde Groot (1966) found that expert
chess players, remember a chess position as & sleghent, and encode them as a single
chunk (Chi, Glaser, & Farr, 1988).

The high intrinsic cognitive load that is assogiatvith real-world tasks, led to the
development of other instructional approachesadimtat reducing the intrinsic cognitive
load of the task. Instructional theories developetthe 1960s and 1970s typically advocate

the use of part-task approaches to prevent ovarigdle learners with too complex
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problems at an early stage (Reigeluth, 1983; varridteoer, Kirschner, & Kester, 2003).
Part-taskapproaches part the different components of theptex task and teach them
separately. Although sometimes the learners amngive opportunity to put together several
of the steps during the course of the program, waign the learners reach the end of the
instructional unit, do they get the opportunitypractice the whole task. Even though this
strategy can be beneficial (Pollock, Chandler, 8&efev, 2002) there has been accumulating
evidence that part-task approaches do not workfaettomplex performances that requires
integration of skills, knowledge, and attitudes #mel extensive coordination of constituent
skills in new problem situations (Goettl & Shut898; Peck & Detweiler, 2000; van
Merrienboer, 1997; van Merrienboer, Kirschner, &k&, 2003). Based on the part-task
approach the intrinsic cognitive load of the matisrshould be reduced by eliminating the
interactions among the information elements uhgllearners master all the separate

elements.

Whole-taskapproaches, on the other hand, attend to the io@ati@h and integration
of constituent skills from the very beginning. Tiearner develops first a holistic vision of
the task (the global skills) and only afterwards lijcal skills (van Merrienboer, Kirschner, &
Kester, 2003). Both the part-task and the whaod&-tpproaches aim to reduce intrinsic
cognitive load by manipulating the level of inteafans among the elements. However, while
the part-task approach is doing that by first atiating completely the interactions and then
presenting them at the end, the whole-task apprpaadresses from a simplified version of
the interactions (i.e. simplified version of thealdrtask) to a more complex version of the

task that includes more complex interactions.

In his work to identify the first principles ofstruction (thedemonstratiorprinciple,
theapplicationprinciple, thetask-centeregbrinciple, theactivation principle and the
integrationprinciple) Merrill (2002a) stressed the importaoténstruction to be in the
context of authentic, real-world problems or taskarticular, Merrill made the distinction
between dask-centere@ndtopic-centerednstructional strategy. While topic-centered
instructional strategies usually teach the conteathierarchical fashion (i.e. only one topic
is taught at a time, until all the component skildsre been taught), in task-centered
instructional strategies a simple whole task is aestrated right up front and the instructions
that follow provide the necessary information tonpdete this task. According to Merrill, a

truly effective task-strategy involves a progressid task complexity and a corresponding
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decreasing amount of learner guidance. In genéralpossible to claim that task-centered
strategies reflect a whole-task approach, whiléctopntered strategies reflect a part-task

approach.

One of the most comprehensive instructional desigthodology for complex
learning that is yet available (Clark & Estes, 20@1lthe four-component instructional design
model (the 4C/ID model) (van Merrienboer, 1997} gteesses the use of authentic whole-
tasks for the acquisition of complex learning skilccording to the 4C/ID model, complex
learning has little to do with learning separatéiskn isolation, but it is foremost dealing
with learning to coordinate and integrate the safeaskills that constitute real-life task
performance (van Merrienboer, Clark, & de Crood¥Q2). Even though the 4C/ID model
stresses the use of whole-task, part-task praciinesometimes be used to support very

complex “whole-task” learning.

At this time, few studies have contrasted the &pproaches. Lim and Reiser (2006)
compared part-task and whole-task approachesdohileg a complex cognitive skill
(preparing a grade book using Microsoft Excel). yifmund no significant difference
between the groups on the near-transfer test anldeopart-task achievement test, but more
importantly, their study found that students in Wieole-task instructional approach
performed significantly better on the whole-taskiagement test and on the far-transfer test.
Nonetheless, there is still a need for more stuthasscontrast those two approaches in other

complex fields.

Purpose of Study

The purpose of this study was to examine the effemstructional strategy type
(part-task vs. whole-task) on acquisition of a cterognitive skill — developing an
application in Flash using ActionScript. In partex) we measured the effects of the
instructional strategy type on task performan@mdfer, time on task, cognitive load, and
attitudes, while controlling for individual diffenees in level of prior expertise. The
instructions were presented in the form of an @néalf-paced module. In both conditions the
final task was to program the same application lash~using ActionScript. In the part-task
strategy condition, only one component of the taak presented on each step of the
instructions. In the whole-task strategy conditialhthe components were presented starting

from the first step of instructions and variedheit complexity (i.e. the first task was a
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partial version of the last task, and yet, thik tasluded all the relevant components). The

components included functionality of buttons, dymataexts, and movie clips objects.

Task performance was measured by assessing theilgaartifacts (i.e. Flash file
which is the output of creating an application iRlash environment). The assessment was
done on the basis of functionality (i.e. is thetesa final application is functioning
appropriately?) and on the basis of quality (sehe code well written, organized, and
efficient?). After completing the module the leameere given an additional task, which
aimed to measure transfer. This task involved ugiegnformation that was learned in the
module in a new way. Assessment of the transéruas identical to the assessment of the
previous tasks. Time on task was measured for aetingleach of the module sub-tasks
(each module consisted of nine sub-tasks) as wdétiracompleting the transfer task. After
each step on the module and after completing #drester task, learners reported their
perceived level of cognitive load using a 9-pordle developed by Paas and Merrienboer
(1994). The learner’s attitude was measured usigteks’ (1993) Instructional Materials
Motivational Survey (IMMS), which consists of focategories: attention, relevance,
confidence, and satisfaction (Keller, 1993). Finaihe learners’ level of expertise was

measured using a short three questions backgraugstignnaire.

It was expected that learners in the whole-taskuictional approach would perform
better on the module task as well as on the trates$é& based on the assumption that
presenting the learners a whole-task from the aggwould promote schema acquisition.
The risk of overloading the cognitive system of lkgrners in the whole-task instructional

approach was controlled by gradual progressiohetasks in terms of their difficulty level.

Method

Participants

Six females (age M = 27.4, SD = 3.7), and fouresdhge M = 29.2, SD = 5.3)
volunteered to participate in the pilot study tvais conducted online. Of the participants,
five were categorized as having high experienggagramming, and five as having low
experience. Eight of the participants came frolarge university in Israel, and two of the
participants came from a big southeastern uniyersithe United States. | used convenience

sampling with the intention of getting as much ggyrias possible in terms of level of
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expertise and background. One of the participaidt®iot complete the module and was
therefore removed from the analysis. The partidparere randomly assigned to one of two

conditions.

Materials

All participants completed a two-hour online ingtional module. One module was
developed for each of the study conditions (whakktand part-task). In both of the
conditions, the participants were instructed tayer three steps, each consisting of three sub
steps. Thus, overall, all the learners completed sub-steps (see figure 1 for a sample
screenshot). Each of the sub-steps included aliaskhe participants had to complete by the
end of the sub-step (e.g., “Draw three shapessqedre, blue circle, and green triangle”).
Both of the modules included exactly the same ucsions and tasks. The difference between

the modules were in the order of the topics predgemt, and the presence of a whole-task.

LEARNING FLASH IN A FLASH: - by Rinat Rosenberg-Kima
Step 1
Owerview |  Stepid | Step 1.2 | Step 1.3

Open in e window:
In Step 1, we will start by creating all the relevant elements.

-
Wie will create a text, three buttons (red square, blue circle, and CIICk on one O'F 'he Shﬂpes
green triangle), and a shapes abject ithe little shapes leftto the

tend).

Motice that none ofthe elements is functional at this point...

Figure A.1 Sample Screenshot

The complete module can be viewed under
http://myweb.fsu.edu/rr05/Dissertation/FlashModilaghStudy.html
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Independent Variables

Instructional Strategy (whole-task vs part-task)

Two computer-based instructional strategies wengl@yed. In thevhole-task condition, the
learners were first presented with a whole-tas&gitng colors and shapes game). Each step
of the instructions referred to this whole-taskg &y the end of the instructions, the
participants should have completed it. Moreoveche# the three steps included all the
elements of the whole-task, thus, in step onegtample, the learners learned the basics of
dynamic texts, buttons, and movie clips objectsh&part-task condition, on the other

hand, no whole-task was presented to the learimstead, they were told that they would
learn about three topics (dynamic texts, buttond,raovie clips objects). Each of the three
steps referred to only one of the topics, for examp step one, the learners learn only about

dynamic texts (see Table 1, figure 2).

Table A.1 Sequence of Topics Presented for eatireo€onditions

Level of Code Difficulty
Level 1 Level 2 Level 3
Topic Part-task condition
Dynamic Text TP T2 T3¢ Step 1
Buttons B1° B2°¢ B3' Step 2
Movie Clip Objects ME M2" M3 Step 3
Whole-task condition Step 1 Step 2 Step 3

a. Create a text on the screen (T1)

b. Create dynamic text and read its content (T2)

c. Dynamically change the value of a variable (T3)

d. Draw a button figure (B1)

e. Convert the figure to a button (B2)

f. Use the functions “on pres”, “roll over”, “rotiut” (B3)

g. Create a movie object. Add keyframes and chémgeshape (M1)
h. Stop and play a movie object (M2)

I. Go to a specific label in a movie and stop (M3)
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Task-Centered Condition:
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Figure A.2 lllustration of the Sequence of Topiathwm each Condition

Level of Expertise

The level of expertise of the participants was snead using a self-report
guestionnaire that included experience in develpjmternet applications (No experience at
all, I can create a simple page in html, | canmsay of the html functions, | am an
experienced Internet developer), experience dewreddp Flash (I never used Flash before, |

used Flash for creating simple graphics, | creabegble applications in Flash, | can use
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ActionScript in Flash), and programming experie(ideave no experience at all, I have some
very limited experience in basic programming, | paogram in one or more languages, | am
an experienced programmer). Based on their totakgo the three questions, the
participants were categorized into two levels qgdexkise (high and low).

Dependent Variables

Performance

The participants performance was measured forgffpFnance on module tasks —
by the end of each of the sub-steps the particgpammpleted a flash file that was then
evaluated. Completing each of the nine steps omitdule earned the participants one point.
Thus, the participants could get up to nine poif&sPerformance on transfer task —the
learners were given an additional task, which aitoegieasure transfer. This task involved
using the information that was learned in the mediula new way. These flash files were
assessed for functionality on a 5-points scale.

Cognitive Load

The participants’ perceived cognitive load was meas using a single item self-rated
scale developed by Paas and Van Merrienboer (1884)g a nine-point Likert-type scale,
the participants were asked to identify the amadimhental effort they invested on
completing each step of the instruction and thesfier task. In the present study, the

reliability of the cognitive load scale was .86,igthwas estimated with Cronbach’s alpha.

Time on Task

Overall ten time measures were recorded: (1) the to complete each of the nine

sub-steps of the module, (2) the time to completetitansfer task.

Learner Attitudes

After completing the transfer task, the learnettgwedes were measured using a 5-
point, Likert-type scale Kellers’ (1993) Instruata Materials Motivational Survey (IMMS),
which consists of four categories: attentian=(.89; e.g., “The way the information is
arranged on the pages helped keep my attentioleyaece ¢ = .81; e.g., “Completing this

lesson successfully was important to me”), confadere = .90; “As | worked on this lesson,

122



APPENDIX A. PILOT STUDY

| was confident that | could learn the contenttjdaatisfactiono = .92; “Completing the

exercises in this lesson gave me a satisfyingrfgalf accomplishment”).

Procedures

The study was conducted individually for each sctbyeho in turn individually completed

the module. First, the participants completed astijoenaire that included questions about
their expertise level as well as general demograjpiiormation (age, gender, occupation).
The participants completed the questionnaire iruabee minutes. Then, the participants
were instructed to follow the directions in the mtmdand to complete it. There was no limit
on the time allowed to complete the module. Foltayveach of the nine sub steps of the
module, the participants reported the time it ttmkomplete the step and their perceived
mental effort to complete it. During the modules tharners were asked to develop different
elements in Flash, which resulted in a completdiegapn. Following the module, the
participants filled the Instructional Material Magitional Survey (Keller ,1993), which took
about 10 minutes to complete. Finally, the partios completed a 15-minutes transfer task

and reported the time it took to complete it arertperceived mental effort.
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Results

Performance

Performance on Module Task

Performance on module task was measured by ewajuhe final Flash file the
participants produced by the end of the module. @leting each of the nine sub steps earned
the participants one point. Thus, the maximum popussible were nine. Table 2 presents the
means and standard deviations of each group (lavWheyh level of expertise) in each of the
two conditions (whole-task and part-task) on thedote task. A review of the data revealed
that there was not equal distribution of the pgréints’ level of expertise between the
conditions. That was because the assignment tatammsioccurred prior to getting the

information on the participants’ level of expertise

The data were analyzed using a 2 (level of exgErtt 2 (whole-task or part-task)
analysis of variance (ANOVA). Results of the ANOVévealed no significant difference
between the groups. But more importantly, participan the whole-task condition scored
higher than the participants in the part-task coowali even though most of the participants in
the whole-task condition had low level of expertésel most of the participants in the part-
task condition had high level of expertise. Thendtadized difference between these means
was d=1.5, a large effect. Overall, given the srsathple size, these results supported the
hypothesis that the participants in the whole-taskdition would perform better than the

ones in the part-task condition.

Performance on Transfer Test

Performance on the transfer test was measureddyaging the final file the
participants produced for the transfer test. Th&imam points possible were five. Table 2
presents the means and standard deviations ofggacp (low and high level of expertise) in
each of the two conditions (whole-task and partjtas the transfer test. Again, there was
not equal distribution of the participants’ levélexpertise between the conditions.

The data were analyzed using a 2 (level of exgErtt 2 (whole-task or part-task)
analysis of variance (ANOVA). Results of the ANOVévealed no significant difference
between the groups. Nevertheless, participantsamhole-task condition scored higher than
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the participants in the part-task condition, evesugh most of the participants in the whole-
task condition had low level of expertise and nadshe participants in the part-task

condition had high level of expertise. The standadl difference between these means was d
= .85, a large effect. Overall, given the small sanygize, these results supported the
hypothesis that the participants in the whole-taskdition would perform better than the

ones in the part-task condition.

Time on Task

Time was recorder by the participants at the begmand end of each of the sub-
steps, as well as the beginning and end of thaefeatest. Table 2 presents the means and
standard deviations of each group (low and higklle’ expertise) in each of the two
conditions (whole-task and part-task) on the timeasks. The data were analyzed using a 2
(level of expertise) x 2 (whole-task or part-tagkplysis of variance (ANOVA).

Time on Module Task

Results of the ANOVA revealed no significant diffiece between the groups.
Nevertheless, participants in the whole-task comispent more time on the module than
participants in the part—task condition. The stadidad difference between these means was

d = .80, a large effect.

Time on Transfer Test

Results of the ANOVA revealed significant diffecerbetween levels of expertise,
F(1, 9) = 9.19p < .05). Participants with low level of expertise spgignificantly more time
on the transfer test (M=18.25, SD=2.87) than tivasie high level of expertise (M=11.8,
SD=2.28). The standardized difference between tmes:s was d=2.48, a large effect.
Results of the ANOVA revealed no significant diflace between the conditions.
Nevertheless, participants in the whole-task coonlispent more time on the transfer test
than participants in the part—task condition. Tiamdardized difference between these means

was d=1.14, a large effect.

Cognitive Load
Cognitive Load was measured by a single itemrseée scale developed by Paas and
Van Merrienboer (1994). Using a nine-point Likemp¢ scale, the participants were asked to

identify the amount of mental effort they investadcompleting each step of the instruction
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and the transfer test. Table 2 presents the meahstandard deviations of each group (low
and high level of expertise) in each of the twoditans (whole-task and part-task) on the
cognitive load. The data were analyzed using @2(lof expertise) x 2 (whole-task or part-
task) analysis of variance (ANOVA).

Cognitive Load on Module Task

Results of the ANOVA revealed no significant difiece between the groups.
Nevertheless, participants in the whole-task cooliteported higher cognitive load than the
participants in the part-task condition. The stadd&d difference between these means was

d = .78, a moderate-large effect.

Cognitive Load on Transfer Test

The data were analyzed using a 2 (level of exg@Ertt 2 (whole-task or part-task)
analysis of variance (ANOVA). Results of the ANOVévealed no significant difference
between the groups. Nevertheless, participantsamhole-task condition reported higher
cognitive load than the participants in the paskteondition. The standardized difference
between these means was d78, a moderate-large effect.

Learners Attitudes

The learner’s attitudes were measured using ari;fokert-type scale Kellers’
(1993) Instructional Materials Motivational Surv@iIMS), which consists of four
categories: attention, relevance, confidence, atidfaction. Table 2 presents the means and
standard deviations of each group (low and higklle’ expertise) in each of the two
conditions (whole-task and part-task) on learnattfudes. The data were analyzed using a 2
(level of expertise) x 2 (whole-task or part-taakplysis of variance (ANOVA). Despite the
small number of participants, results of the ANOX&ealed significant difference between
the conditions in the learners satisfaction fromriodule, F(1, 9) = 7.18,< .05).
Participants in the whole-task condition were digantly more satisfied than those in the
part-task condition. The standardized differendgvben these means was d=2.25, a large
effect. There was no significant difference betwtengroups on learners’ attention,

relevance, and confidence.
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Table A.2 Means and Standard Deviations for theeDdpnt Variables

Whole-Task Approach Part-Task Approach
Expertise Level Expertise Level
Low High Total Low High Total

(N=3) (N=1) (N=4) (N=1) (N=4) (N=5)

M(SD) M(SD) M(SD)| M(SD) M(SD) M (SD)

Performance
Module? 8.6 (2.8) 9.0 (0) 8.8 (.28 9.0 (0) 6.1 (2.5 @&5H)
Transfer Test 4.0 (1) 5.0 (0) 4.2 (.96 5.0 (0) 20(2.5) 2.6)2
Time On Task
Module 161.9(42) 96.0 (0) 145.4(47) 144.8(0) 107.9(21) 115.3(25)

Transfer Test  17.7 (3.2)15.0 (0) 17.0(2.9) 20.0 (0) 11.0 (1.6) 12.8 (4.3)

Cognitive Load
Module 53(15) 300 47@27 39(0) 3.6(.64) @97)
Transfer Test 8.3(47) 6.0(0) 7.8(1.3 700) 6.0(2.2 a2

Attitudes®
Attention 47(33) 37(0) 4.4(57) 4.0(0) 5%..04) 3.6(.92)
Relevance 3.8(76) 1(0) 3.1(15) 4.0(0) (2.68) 2.4(1.71)

Confidence 3.5(95) 4.28(0) 3.7(.8) 4.0 (0)3.9 (.54) 3.97 (.47)
Satisfaction 49(19) 27(0) 4.3(1.12)2.0(0) 2.0(1.05) 2.0(.91)

a. Maximum score was 9.

b. Maximum score was 5.

c. Time in minutes.

d. A nine-point scale ranging 1 (very, very low mergtbrt) to 9 (very, very high mental
effort).

e. Afive-point scale ranged from 1 (not true) to Briwtrue).

Discussion

The purpose of this study was to examine the effeimstructional strategy type
(part-task vs. whole-task) on acquisition of a ctargognitive skill — developing an
application in Flash using Actionscript. In partexy we measured the effects of the
instructional strategy type on task performanamdfer, time on task, cognitive load, and

attitudes.

Rooted in the four-component instructional desigpdel (the 4C/ID model) (van
Merrienboer, 1997), and in Merrill (2002a) workidentify the first principles of instruction,
in which he stressed the importance of instructobe in the context of authentic, real-world
problems or tasks, it was expected in the custmty that learners in the whole-task

instructional approach would perform better onrtiwule task as well as on the transfer task
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based on the assumption that presenting the leaanghole-task from the beginning would
promote schema acquisition (van Merrienboer & SeveR005). In accordance with our
hypothesis, participants in the whole-task perfafrbetter on both the module and the

transfer task.

Even though the differences were not significatich was expected due to the low
number of participants, the standardized differdmeteveen the means revealed a large effect
size. Those results support the hypothesis evengdr given the fact that most of the
participants in the whole-task condition had lowelleof expertise and most of the
participants in the part-task condition had higreleof expertise. Even though we expected
that the participants in the whole-task conditicould perform better, it is also expected that
participants with higher levels of expertise wop&fform better, as was found in previous
studies (e.g., Lim & Reiser, 2006). Therefore, iginh be that if the distribution of
participants between the groups was equal, therethdts would have been even more

supportive of our hypothesis.

Participants in the whole-task on general spenertime on both the module and the
final task. Even though the differences were ngrificant, which again was expected due to
the low number of participants, the standardizéiéidince between the means revealed a
large effect size. It should be noted that bothcihrditions incorporated exactly the same

instructions, only in different order.

One reason for that finding could be that theipgdnts in the whole-task had lower
levels of expertise and therefore needed moretiincemplete the tasks. Indeed, there was a
significant difference between the two levels gbestise with respect to completing the
transfer test. Another explanation for that findeayld be that the participants in the whole-
task were more motivated to complete the taskveasitherefore willing to put more efforts
and time in it. This explanation is supported by t#ct that participants in the whole task
condition reported significantly more satisfactioom the instructions than those in the part-
task condition. Yet another explanation for thatlfng is that the whole-task condition

required more effort and therefore more time thengart-task condition.

Participants in the whole-task also reported higlognitive load on both the module
and the final task. Even though the differencesevwett significant, which again was

expected due to the low number of participantssthadardized difference between the
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means revealed a large effect size. Using high taxrparning tasks from the start is
associated with high cognitive load (Sweller, vaarMenboer, & Paas, 1998). Other
explanations could be the lower level of experiisthe whole-task group and the higher
level of motivation that in turn caused the papieits in the whole-task condition to invent

more mental effort in the task.

One of the major limitations of this current studgs the small number of
participants, with one of the participants not ctetipg the study. The small number of
participants negatively affected the power of thelg and the extent to which it can be
generalized. In addition, the fact that the leviedxpertise was not equally distributed
between the conditions also limited the conclusmirthis study. Nevertheless, the fact that
most of the participants in the whole-task conditiad low level of expertise and still
performed better than the participants in the fask-condition, strengthen our initial

hypothesis.

This study aimed to compare whole-task to pak-taisategies. Nevertheless, this
comparison is somewhat problematic because it takesccount two factors. More
specifically, the conditions differed in two waysst, in the whole-task condition a whole-
task was presented right at the beginning of teguctions. Second, the order of instructions
was different. While the order of instructions lire twhole-task condition focused on
completing the task, the order if instructionshe part-task condition focused on the topics
to be taught. The fact the condition differ in tways makes it difficult to determine which
of the factors is more critical. Future researcly man to answer this question by presenting

a whole-task, while keeping the order of instrutsidopic oriented.

In summary, while this study revealed some intergsnitial results that may have
future implication in terms of the way complex plerhs should be taught, it is necessary to

conduct further research with a larger sample.
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APPENDIX B. COGNITIVE LOAD MEASUREMENT

Indicate the amount of mental effort that you spenthe task you have just finished. Circle
the corresponding number below.

1 2 3 4 5 6 7 8 9
Very, Very Low Réther Neither Rafher Higrh Very Very, 7
very low low low low nor high high very high
mental high mental
effort effort
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APPENDIX C. MODIFIED COMPUTER ANXIETY RATING SCALE

Please indicate your agreement with the followiegtences (1 = strongly disagree; 5 =
strongly agree)

1. | feelinsecure about my ability to interpretiarse a new computer application. 1 2 3 4|5
2 | look forward to using a computer on my job. 2 3 4 5

3 | do not think | would be able to learn a conguyirogramming language. 1 2 3 4 |5
4. | am confident | can learn computer skills. 1 2 3 4 5

5 Anyone can learn to use a computer if they ateept and motivated. 1 2 3 4 p
6 Learning to operate a computer is like learrsing new skill --- the more you 1 2 3 4 5

practice the better you become.

7. lam afraid that if | begin to use computersill become dependentonthemand1l 2 3 4 5

lose some of my reasoning skills.

8. | am sure that with time and practice | willd®comfortable working with 1 2 3 4 5

computers as | am working with basic word processiftware.

9. | feel that | will be able to keep up with thévances happening inthe computer 1 2 3 4 5

field.
10. | dislike working with machines that are smattan | am. 1 2 3 4 1§
11. | feel apprehensive about using computers. 1 2 3 4 5
12. | have difficulty in understanding how a congruworks. 1 2 3 4 5

13. It scares me to think that | could cause thapder to destroy a large amountof 1 2 3 4 5

information by hitting the wrong key.

14. | hesitate to use a computer for fear of makiigtakes that | cannot correct. 1 2 3 4|5

15. You have to be a genius to understand allfgkeial commands containedinmost. 2 3 4 5

computer software.

16. If given the opportunity | would like to leaatbout and use computers. 1 2 3 4|5

17. | have avoided computers because they are ili#aend somewhat intimidating 1 2 3 4 5

to me.
18. | feel computers are necessary tools in botica&ibnal and work settings. 1 2 3 4 |5
19. The challenge of learning computers is exciting 1 2 3 4 5
20. | feel that understanding computers will maleeammore productive individual. 1 2 3 4 |5

(Broome & Havelka, 2002; Heinssen, Glass, & Knidl987)
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APPENDIX D. COMPUTER SELF-EFFICACY MEASURE

(Compeau & Higgins, 1995hb)

Often in our jobs we are told about software paekabat are available to make work easier. For the
following questions, imagine that you were givemeav software package for some aspect of your
work. It doesn't matter specifically what this sadte package does, only that it is intended to make
your job easier and that you have never used drbef

The following questions ask you to indicate whetymr could use this unfamiliar software package
under a variety of conditions. For each of the d@ions, please indicate whether you think you would
be able to complete the job using the software ggekThen, for each condition that you answered
"yes," please rate your confidence about your fiidtyment, by circling a number from 1 to 10, where
1 indicates "Not at all confident,” 5 indicates "twately confident,” and 10 indicates "Totally
confident."

For example, consider the following sample item:

| COULD COMPLETE THE JOB USING THE SOFTWARE PACKAGE

NOT AT
ALL MODERATELY TOTALLY
CONFIDENT CONFIDENT CONFIDENT

[ [
Q1 ..if there was someone giving m- 1 2 3 4 6 7 8 9 10

step by step instructions

The sample response shows that the individuahéelir she could complete the job using the
software with step by step instructions (YES isleid), and was moderately confident that he or she
could do so (5 is circled).
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| COULD COMPLETE THE JOB USING THE SOFTWARE PACKAGE

NOT AT

ALL MODERATELY  TOTALLY

CONFIDENT CONFIDENT ~ CONFIDENT

[ [ [

Q-1 ...If there was no one around totell mewhtes... 1 2 3 4 5 6 7 8 9 10
todoaslgo No

Q-2 ...if I had never used a package like it Yes... 1 2 3 4 5 6 7 8 9 10
before. No

Q-3  ...ifI had only the software manualsfor Yes... 1 2 3 4 5 6 7 8 9 10
reference. No

Q-4  ..ifl had seen someone else using it beforges... 1 2 3 4 5 6 7 8 9 10
trying it myself. No

Q-5 ..ifl could call someone for helpifigot Yes... 1 2 3 4 5 6 7 8 9 10
stuck. No

Q-6  ..ifsomeone else had helped me get starteéés..Y 1 2 3 4 5 6 7 8 9 10
No

Q-7 ...if  had a lot of time to complete thejob Yes... 1 2 3 4 5 6 7 8 9 10
for which the software was provided. No

Q-8 ...ifI had just the built-in help facility for Yes... 1 2 3 4 5 6 7 8 9 10
assistance. No

Q-9 ...if someone showed me howtodoitfirstt Yes 1 2 3 4 5 6 7 8 9 10
No

Q-10 if I had used similar packages before this Yes... 1 2 3 4 5 6 7 8 9 10
one to do the same job. No
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APPENDIX E: INSTRUCTIONAL MATERIALS MOTIVATIONAL

SURVEY (IMMS)

()
2
|_
Please think about each statement in relationganistructional materials you have just studied 3 > g ©
and indicate how true it is. Give the answer thay applies to you, and not what you would lif @ '; % e
to be true, or what you think others want to h&aink about each statement by itself and indig = | £'| & | 2 ';
how true it is. Do not be influenced by your anssme other statements. 5|2/ 8|8 o
Zln|Z2|=2|>
1. When | first looked at this lesson, | had theiession that it would be easy for me. 112 (3|4
2. There was something interesting at the beginafrigis lesson that got my attention. 112 |3 |4
3. This material was more difficult to understahdrt | would like for it to be. 2 3
4. After reading the introductory information, Itfeonfident that | knew what | was supposed to 513! als
learn from this lesson.
5. Completing the exercises in this lesson gavea isetisfying feeling of accomplishment. 1 12 |3 |4
6. It is clear to me how the content of this mateis related to things | already know. 1 (2 |3 |4
7. Many of the pages had so much information thabs hard to pick out and remember the 513! als
important points.
8. These materials are eye-catching. 2|1 3| 4|5
9. There were stories, pictures, or examples tiawved me how this material could be importan& 5|3l al s
to some people.
10. Completing this lesson successfully was imparta me 2| 3| 4] 5
11. The quality of the writing helped to hold myeation. 2|13 4|5
12. This lesson is so abstract that it was hakeép my attention on it. 3 4
13. As | worked on this lesson, | was confident treould learn the content. 1 2 B 4
14. | enjoyed this lesson so much that | would tik&now more about this topic. 1 P B |4
15. The pages of this lesson look dry and unappgali 2|1 3| 4|5
16. The content of this material is relevant tointgrests. 2|1 3| 4|5
17. The way the information is arranged on the pdupiped keep my attention. 1 2 (3 |4
18. There are explanations or examples of how jpease the knowledge in this lesson. 11234
19. The exercises in this lesson were too difficult 23| 4|5
20. This lesson has things that stimulated my siisio 2|1 3| 4|5
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21. I really enjoyed studying this lesson.

22. The amount of repetition in this lesson causedo get bored sometimes.

23. The content and style of writing in this lessonvey the impression that its content is worth

knowing. 1 3
24. | learned some things that were surprisingnaxpected. 3
25. After working on this lesson for awhile, | wasnfident that | would be able to pass a test ¢ n 3

it.

26. This lesson was not relevant to my needs bedaaiseady knew most of it.

27. The wording of feedback after the exercisesfather comments in this lesson, helped mg

feel rewarded for my effort. 1 3
28. The variety of reading passages, exercisestridtions, etc., helped keep my attention on hei 3
lesson.

29. The style of writing is boring. 1 3
30. | could relate the content of this lesson togh | have seen, done, or thought about in my 1 3
own life.

31. There are so many words on each page thatiitéing. 1 3
32. 1t felt good to successfully complete this tess 1 3
33. The content of this lesson will be useful ta me 1 3

34. | could not really understand quite a bit & thaterial in this lesson.

35. The good organization of the content helpedeeonfident that | would learn this materiall
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APPENDIX F. CONSENT FORM

From: Thomas L. Jacobson, Chair

Re: Re-approval of Use of Human subjects in Rekdafiects of task-centered vs. topic-

centered instructional strategy approaches on aaxrghills acquisition

Your request to continue the research projeadistbove involving human subjects
has been approved by the Human Subjects Comniitiygmur project has not been
completed by 3/22/2012, you must request a renefragbproval for continuation of the
project. As a courtesy, a renewal notice will bet$e you prior to your expiration date;
however, it is your responsibility as the Principalestigator to timely request renewal of
your approval from the committee.

If you submitted a proposed consent form with yaumewal request, the approved
stamped consent form is attached to this re-apprmtace. Only the stamped version of the
consent form may be used in recruiting of reseautfjects. You are reminded that any
change in protocol for this project must be revidwead approved by the Committee prior to
implementation of the proposed change in the pabidcprotocol change/amendment form
is required to be submitted for approval by the @uttee. In addition, federal regulations
require that the Principal Investigator promptlgag in writing, any unanticipated problems

or adverse events involving risks to research stbjer others.

By copy of this memorandum, the Chair of your dapant and/or your major
professor are reminded of their responsibilityldemg informed concerning research projects
involving human subijects in their department. Theyadvised to review the protocols as
often as necessary to insure that the projectilmgtmnducted in compliance with our

institution and with DHHS regulations.

HSC No. 2011.5752
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CONSENT FORM
EFFECTS OF TASK-CENTERED vs, TOPIC-CENTERED INSTRUCTIONAL STRATEGY APPROACHES ON
PROBLEM SOLVING LEARNING — LEARNING TO PROGRAM IN FLASH

You are invited to be in a research study of the effects of task-centered vs. topic-centered instructional strategy on
learning to program in Flash. We ask that you read this form and ask any questions you may have before agreeing to
be in the study.

This study is being conducted by Rinat Rosenberg-Kima, from the Educational Psychology and Learning Systems
department at Florida State University. The purpose of this study is to compare the effectiveness of two instructional
strategies on problem solving learning - learning to program in Flash.

If you agree to be in this study, we would ask you to do the following things: complete an online module that will
teach you how to develop interactive games with Flash. The time it should take to complete the module is about 90
minutes. You will also be asked to fill a few questionnaires, which should take about 15 minutes.

I understand there is a possibility of a minimal level of risk involved if I agree to participate in this study. I might
experience anxiety or boredom when completing the module or the questionnaires. The researcher will be available
to talk with me about any emotional discomfort I may experience while participating. The benefit to participations is
gaining valuable set of skills in Flash that can be used to develop websites or games. In addition yvou will receive
two credit hours towards the EPLS subject pool requirement and $15 for your participation at the end of the
experiment session.

The records of this study will be kept private and confidential to the extent permitted by law. In any sort of report
we might publish, we will not include any information that will make it possible to identify a subject. Research
records will be stored securely and only researchers will have access to the records. Electronic files and hardcopy
surveys will be stored locally on the researcher’s computer and at her office and will not be accessible to anyone
else,

Participation in this study is voluntary. Your decision whether or not to participate will not affect your current or
future relations with the University, If you decide to participate, you are free to not answer any question or
withdraw at any time without affecting those relationships.

The researcher conducting this study is Rinat Rosenberg-Kima. You may ask any question you have now. If you
have a question later, you are encouraged to contact Rinat Rosenberg-Kima at or Dr.
Tristan Johnson at ;

If you have any questions or concerns regarding this study and would like to talk to someone other than the
researcher(s), you are encouraged to contact the FSU IRB at 2010 Levy Street, Research Building B, Suite 276,
Tallahassee, FL. 32306-2742, or 850-644-8633, or by email at humansubjectsi@magnet.fsu.edu.

You will be given a copy of this information to keep for your records.

Statement of Consent:
1 have read the above information. I have asked questions and have received answers. I consent to participate in the
study.

First Name, Last Name Signature Date

Signature of Investigator Date

FSU Human Subjects Committee Approved 1/6/11. Void after 4/14/11 HSC# 2010.5596
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