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ABSTRACT

This study aimed to compare the individual and collaborative learning of worked out examples in terms of impacts
on cognitive load and transference of problem solving. To meet the aim, an experimental design with pretest-posttest
and control group was used. Participants were 40 students in third grade from a guidance school. They were
randomly assigned to two experimental groups (each group included 20 students). One group studied the worked
out example (Thales theorem as seen in textbook of 3" grade of guidance school) individually and the other group
collaboratively. Cognitive load Measurement Scale and Transfer-test tasks were used for measuring variables.
Finally, data were analyzed using independent sample T-test. Statistical analyses indicated that mean of
transference scores of collaborative group was significantly higher than individual group, but mean of cognitive
load in collaborative group was significantly lower than individual group. Results of the current study were
consistent with Cognitive load theorem. It confirmed that some transitional activities such as negotiation are useful
for learning and should be increased but some transitional activities like ways of discussion are harmful.
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INTRODUCTION

Extensive studies have been conducted about Caollibe Learning, and its efficacy and usefulness haen
approved by many researchers. Collaborative legirisia widely used educational approach in whickestts work
in small groups to achieve a common goal. In tlgrseips, students are responsible for their legraimd others,
too. So, the success of one student helps the oties success (Gokhale, 1995). Collaboration psgeludes
discussion, argumentation, and reflection on iasgrogress, and results in deep processing ofrimdtion and
more rich and meaningful learning (Kirschner, Pa&asirschner, 2009a). In other words, collaboratiearning
refers to acquiring knowledge, skills, and functibnapabilities of an interdependent collectiorpebple through
interaction and experience (Kozlowski & llgen, 2DOBnowledge and skills of each member transfeotioer

members through discussion. Specially, if group mens have different areas of interest and profigiethere will

be more opportunities for associations, strategies new operations. Exposure to different viewgonatsults in
increasing quantity and quality of generating ideagroup (Paulus & Yang, 2000). Collaborative teag is

effective if the learning outcomes of N numbersgobup members are higher than total learning resefitN

numbers of individual learners

Studies which compare individual performance witbugp performance, show that in simple tasks sudieealing
information, group performance is lower than indial (Kirschner, Paas, & Kirschner, 2009b; Andemsgo
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Ronnberg, 1995). However, studies show that in mmomplex tasks such as problem solving task, group
performance is better than individual performankies¢hner et. al., 2009b; Laughlin, Bonner, & Min&002;
Kirschner, Paas, & Kirschner, 2011). This supetyooif performance can be attributed to group irtéoa process
that special knowledge of one member will distrdslitamong others through process of communicatiah an
collaboration. Students who work alone are oftenfused and show this confusion by asking questiogetting
help (Baker, Corbett, Koedinger, Wagner, 2004). Gokition to reduce aberrant behavior of asking Hsdm
others is using collaborative learning.

For explaining why collaborative strategies aretdyein learning difficult tasks, Kirschner and tislleagues
(2009a) used cognitive load theory (Sweller, 19880 Merrinboer & Ayres, 2005). According to thistry, group
has greater capacity of working memory, comparet am individual. In cognitive load theory, capgaf working
memory plays an important role in learning. Workimgmory is limited in terms of information storagaed
information processing (Cowan, 2001). In compleskgasuch as problem solving, most working memaospueces
are allocated to problem solving, and do not spet¢arning. So, problem solving approach generaitsaneous
cognitive loadMoreover, the complexity of learning content refieréntrinsic cognitive load and as task complexity
is higher, intrinsic cognitive load is higher. ftiinsic or extraneous cognitive load is high, ¥hé&iable resources of
limited working memory are not sufficient for learg task and small capacity of this memory rem&msctivities
related to deep learning (germane cognitive lo&We(ler, Ayres, & Kalyuga, 2011). Kirschner, Pa&Kirschner
(2010) believe that in complex tasks, high intinsi extraneous cognitive load can be divided amgraup
members to remain more space of individual's waykitemory (processing capacity) for activities redato deep
learning (germane cognitive load).

According to cognitive load theory, learners inlabbrative groups are considered as informatiorcgssing
systems (Tindale & Kameda, 2000). These groupsamposed of several limited working memory, whiceate
collaborative working spaces. Valuable knowledgd eformation related to task which each individhak, will
be broadcasted (retrieving and interpreting infdiomg, being discussed (encoding and descriptioimfofmation),
and recalled (information customization and storicmnsciously and actively (Tindale & Sheffey, 2D0Pherefore,
there is no need to obtain all knowledge and piings available information by all group memberghret same
time. With increasing communication and coordinatmmong group members, intrinsic cognitive load wé
distributed among unlimited working memory of growhich is composed of several group members' wgrkin
memory (Sweller, Merrienboer, & Paas, 2011; KirshrPaas, & Kirschner, 2009b; Ohtsubo, 2005). Kinge,
Paas, Kirschner & Janssen (2010) called this gfeafure as distribution advantage. On the othed hi@arners in
group should spend some of their limited cognitresources (mental effort) for transmitting inforioat and
coordinating their actions which is not necessaryindividual learning (Kirschner, Paas, & Kirschn@011;
Kirschner, Paas, & Kirschner,2009a). Kirschner hredcolleagues (2011) have called this featureassactional
activities which result in increasing extraneougritive load. Based on cognitive load theory, sdraesactional
activities such as negotiation are beneficial farhing and should be increased but some traneattietivities
such as discussion ways are harmful for learnimger&fore, using collaborative learning in diffictdsks results in
enjoyment of distribution advantage and usefuldsational advantages; but detrimental transactiaci@lities are
involved in simple tasks (Sweller, Ayres, & Kalyyga011). Using distribution advantage and inforovati
processing among members and avoiding harmful dctiomal activities are the indicator of group teag
efficiency which is called collaborative working mery effect in cognitive load theory (Kirschner at., 2010;
Sweller, Ayres, & Kalyuga, 2011; Kirschner, PaasK&schner, 2009a; & Kirschner, Paas, Kirschneraasken,
2010).

Although, until recently it was thought in cogngivoad theory that cognitive load principles shobédbased on
features of human cognitive architecture, one iogtion of collaborative working memory for cognédiload theory
is that functional features of pervasive cognitarehitecture changes in collaborative learning gétiner, Paas,
Kirschner & Janssen, 2010). In the case of detriaddransactional activities, (e.g. ways of diséassind truancy)
Sweller, Ayres and Kalyuga (2011) believe thatih e solved by training learners

Findings of recent studies about collaborative dgay of workedout examples are contradictory (GRay &

Hausmann, 2008; Craig et. al., 2009; Kirschnerakt. 2010; Rummel & Spada, 2005; Rummel et. alQ90
Kirschner and his colleagues (2010) found thatviidldial learning of worked out examples is more @ffe than
collaborative learning of them, but in learningaihgh problem solving, collaborative method leadbdtier results.
They consider the high cognitive load of problertvisg method as main cause of this phenomenonohirast,
Chi and colleagues (2008), Rummel & Spada (200%),Rummel Spada & Hauser, (2009) found that colatibae

learning (compared with individual learning) of wedl problems is more effective. Retnowati, Ayred &uweller
(2010) found that although learners prefer collakiee learning of worked out examples to individlegrning, but
there is no significant difference in terms of penfiance in (far and near transfer test) between gmaps of
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individual and collaborative learning. They consigleluntariness of collaboration and redundancynagn causes
of the lack of superiority of collaborative to in@iual learning. Integrating data gathered fromugronembers and
information from worked out examples (as they aoenftwo different resources) result in increasingritive load.
Kirschner and colleagues (2009) suggested fouruwatsofor the uncertainty of results in this fiekirst, group
processes have been measured instead of measuréuglydlearning outcomes. Second, rigorous randenhi
controlled trials have been rarely performed. Thigbor goals have been identified. And forth, indial
performance of group members has not been measfisedirschner and colleagues (2009b) believed Ligh
level of detrimental transactional activities leagdi€ollaborative learning have no superiority ndividual learning,
so they transfer only some of necessary informatiolearners of collaborative group. It means thay one third
of necessary information is available for each membheir results show that individual groups weare efficient
in recalling test but members of collaborative growere more successful. They consider low hartrdnisactional
activities as main cause of this superiority. Soesearchers believe that collaborative learningseful for difficult
tasks (Laughlin, Hatch, Silver, & Boh, 2006) butividual learning is useful for simple tasks (Arssn &
Rénnberg, 1995). Kirschner, Paas, Kirschner (28dund that in simple tasks, cognitive load of indial learning
group was lower than collaborative learning groupthe results were the reverse in difficult tasKsis interaction
was also true for learning time and efficiency ssdbout not for performance scores. They concludatindividual
learning was more efficient than collaborative féag in simple tasks, but in complex tasks usingkivag memory
of group members and sharing cognitive load amomgnbers compensate the cognitive load resulting from
information transference (Kirschner and colleag2€4,1). As the students were not allowed to useipand paper
during reading phase, questions have only one Hghtvers.Questions were designed so that reduedféduts of
transitional activities, and also difficulty in @emining the hardiness level of task (accordinglifterent previous
knowledge of members), generalization of findings accompanied with uncertainty in real learningagtions.
Furthermore, this topic is relatively new and thé&dimited information about it. So, considerinigetvarious
findings in this field, this study aimed to invegtte the individual and collaborative learning ofrikedout
examples in terms of impacts on cognitive load @madsference of problem solving.

MATERIALSAND METHODS
In this study, an experimental design with prefestttest was used.

Participants: Participants were 40 students in third gradenfeoguidance school. They were randomly assigned to
two experimental groups (each group included 2@esits). They participated in the study as parhefrtroutine
curriculum. No differences were expected in prinokledge because all participants had followedstme math
courses in previous sessions and the topic oktssion was new for them.

Instruments:

a)Cognitive load M easurement Scale: To measure the participants' cognitive load, indemental effort expended
during the problem solving phase was used. For phigose, the 9-point cognitive-load rating scalkiclv
developed by Paas (1992) was used in which paatitipwere asked to rate on a scale ranging from very low
effort (1) to very, very high effort (9) how mucKat they do to solve a problem. This cognitivadomeasure has
been proven to be valid and reliable as Paas (188@2Yyeported its coefficient of internal consistefi cronbach's
alpha)as 0/90 and also Paas, Van Merriénboer (1£290)32.

Generally speaking, this is a valid index for meamucognitive load. Paas Van Merriénboer, & Adak894) has
reported its validity as 0.81 using test-retesthmdtand also Huang (2003) reported 0/84 using ainmiethod.
Stark, Mandl, Gruber & Renkl (2002) also reportadriach's Alpha as 0.89 for this scale using theesest-retest
method.

b)Transfer-test tasks: In current study, the transfer of problem solvingswmeasured as the learning outcome.
Here, transfer means how well participants canyapi@ir knowledge and skills acquired to new prablsolving
situations. So, eight transfer-test tasks weregdesi which were the same as — in method and patt¢hose in
other studies like Renkl (2002), Renkl, Atkinso®@3), Renkl, Atkinson and Grob (2004) and SwelR906) and
other researchers in this field.

Two scorers were selected for scoring transferitesks. They were both teachers of third gradeaguid school
and were not informed of experimental conditiond. ahswer sheets were scored by both teachersel@tion
coefficient between scores of two teachers weré Bi9ransfer-test task (P<0/001). Final scorearfheparticipant
was the average of scores by two teachers.
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Procedure;

The study was done in three phases of pretestjingpand assessment. As work style was differetvingroups,
guidelines provided for them were different, too the first step, the study's goal was explainedéoticipants by
the researchers. Individual group were asked tguiet and do not perform any reasoning and actimng the

process of reading and answering the questionslehdtto distraction of their friends. Collaboratigroup were
asked to sit down in a circle and allow memberfilly express their ideas. They were asked to ch@person to
take notes during discussions and present a sumimarmmembers at the end. Members should all cottaigoin

discussion and express their ideas. The secondwseppresenting educational content to subjedtghi& stage,
subjects studied the educational contents relateteir group and do their tasks depending on whiclups they
belong to. While practicing (worked out examplepjrticipants of collaborative group resolved in ugro
(collaboratively) the previously worked out exangple

In the third step, after studying educational coht@articipants answered to cognitive load measard scale.
After that, in forth step, the transfer-test taslere administered and participants were askeddo tiee presented
problems carefully and do their utmost in resolvipgesented problems. In this step, they couldrférréo
educational content because it was out of thetrea

Intervention (material): the content of worked examples was Thales Theorem presented in mathotaktbf
third grade guidance school. At first two questiosing Thales Theorem has been resolved step pyaste Thales
Theorem was stated. After that two questions rél&deT hales theorem was administered to particgasatpractice
and they were asked to solve it.

Participants in collaborative learning group weskeal to, while studying worked out examples, comicata their
findings with other members. In individual learniggoup, each participant studied the content ofkedrout
examples individually.

RESULTS
In order to compare cognitive load during studgt nd problem solving transference in two groupdependent
sample T-test was used. Statistical analysis shdladhere is significant difference between dmilative learning
group and individual group in transfer (T(38): 4L0Big: .000 , d: .63), cognitive load during stindy reworked
out examples (T(38): 3.571, Sig: .001, d:1.23) emghitive load during test (T(38): 4.389, Sig: .060.86).

Table 1: Meansand standard deviations of the dependent variablesin the learning and test phase

Groups
Variables Individual learning (n:20) Collaborative learning (n:20)
M SD M SD
Cognitive load of studying worked examples 2.425 .86 3.36 .80
Cognitive load of transfer test 3.025 .70 2.025 74
Problem solving transfer 5.51 1.82 7.40 .98

Tablel shows that mean of transfer and cognitiael iwhen reading in collaborative group is signiiita higher
than mean of transfer and cognitive load in indiild groups. But mean of cognitive load when testing
collaborative group is significantly lower than meaf transfer and cognitive load in individual gpoBtatistical
analysis shows that d value is higher than aveiragh dependent variables.

CONCLUSION

Mean of cognitive load through reading and transfae in collaborative group were higher than indiaal group.
But, it was contrary in the case of exam. Accordimgognitive load theory, if learner report a ¢dtmental effort
through learning the content and also his perfooaan transfer-task test is high, the experienaghitive load is a
germane type. In addition, the cognitive load duyriest has remarkable contribution to detecting tipe of
cognitive load (Tuovinen and Paas, 2004). It mahasg if cognitive load is high at the time of tbiidy, reported
cognitive load at the time of exam is low, and parfance is high in transfer-task test, the cogaitoad of that
educational method will be of germane type.

As it was mentioned in introduction, the main catiee the superiority of collaborative learning gpowver
individual learning group is that intrinsic and mxteous Cognitive load are distributed among gmembers and
each person’s capacity of processing increasesrdiewvant cognitive load (Kirschner and colleagu2808).
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Furthermore, the argument takes place in group germane activity which results in deep learningrgghner,
Paas, and Kirschner, 2009).

Results of the current study are consistent witldifigs of chi and colleagues (2008), Rummel andi&g2005),
Rummel, Spada, and Hauser (2009). These reseafobexbthat collaborative learning of worked ouaeples are
more efficient. However, these are not consistdtit wWirschner and colleagues (2010) which found thdividual

learning of worked out examples are more efficignain collaborative one but learning through probkstving,

while using collaborative method, leads to betésuits than individual method. They believe thé thsue is due
to high cognitive load of problem solving. In cast, Retnowati, Ayres and Sweller (2010) found thedpite
learners prefer group study to individual studyvadrked out examples, but there is no significarifedince

between these two groups in terms of performancear and far transfer-task test. It is natural disathe difficulty
level of educational content is high or in otheras learning task is very difficult and sophistez$ cognitive load
is more than limited capacity of working memory.the present study, the learning content (Thalesrtm) is of
high difficulty, so, consistent with cognitive lo#ldeory, the cognitive load is more than limitegaeity of working

memory.

Based on cognitive load theory, some transitiontiVies such as negotiation are useful for leagréind should be
increased but some transitional activities like svay discussion are harmful. One feature of theerurstudy was
originality of its educational content and real andtural condition of administration in classrooth.was
administered precisely based on the class syllasuthe class reached to Thales Theorem. In otbetsyin a real
class the Tales Theorem was taught through solkachgle method, instead of teaching by permanent teacher.
So, it implies that previous problems of ecologicallidity were improved and therefore it has of ajre
generalization capability.

One theoretical implication of this studyis that the difficult and complexissues, an individualisited

working memory can be increased through collabegdtarning, but researchers, in the future shoaltsider the
artificial aspects of experiment in effects of citige load caused by learning tasks on efficacy affttiency of
collaborative learning.
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