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Abstract

Collaborative problem solvin¢ColP§ skills areconsideredtrucialto succeed in wotk
educationand lifein aknowledgerich society Despite this relevancnd theample need for
valid and reliable assessments to measure Co#38arch otheassessment @olPSis at its
initial stage The presenstudyattempts to fill this gap bgteveloping and evaluatirggnovel
ColPS taskwvith the help othink-aloud protocd. The task wadevelopedn the basis of a
ColPS frameworkand principles emphasizedtimeresearcHiteratureon studerd 6
interaction collaborationand problem solvingrereimplementedA reatworld problem
mimicking a common teaching and learning situafemmed the context of this taskhe
empirical evidencebtained from the thirlloud protocols of twelve Norwegian students
displayed he strengthsand weaknesseofthe task, andtrengthened the feasibility to assess

ColPS.Implications for thduture design of ColPS tashkse discussed.

Keywords Assessment and teaching of'2entury skills ATC219; Collaborative problem

solving ComputerbasedassessmenEducational technology;hink-aloud protocol



THINK-ALOUD PROTOCOLS OF COLLABORATIVE PROBLEM SOLVING 2

Revealing the @cessesf S u d elnterastion witha NewCollaborative Problem Solving
Task An in-depth analysis ofhink-Aloud Protocos
Introduction
Twenty-first century skillsare increasinglyegardedas critical inour complex and
informationrich society(Griffin, Care & McGaw, 2012P21, 2012 Severl agent
stakeholders emphasittee integrationanddevelopment o$kills that are related to problem
solving, communication and collaboration, and the use of digital technivldigg context of
educationLaw, Lee & Yuen, 2009NRC, 2012 Quellmalz, 2009Suto, 2013 As a
consequenceassessmenbf these criticakkills have gained considerable attention, and
challenges related to tinaneasuremertavebeenpointed oufGriffin, McGaw, & Care,
2012; Griffin & Care, 201p These challenges have particularly emerged in the measurement
of collaboraive problem solving (ColPS)a skilthatgoes beyond student so
problem solving capabilitiesasthByy oi n t heir understandings an
on solving [ é] (PECD,2018 m 1)Silvat(20@0) desobedsthie current
status ocomputerbasedColPSassessments as perplexiagdscholars havaccentuated the
' i mited empiri calolP8RasKreovic @reiff) Tobiasg& Maj@dlnt s 6 C
2014). This may bepartly due to the complexities collaborative activities tudthe
methodologicabpproaches hat ar e used t o d skilc(ronbaeer& ndi vi o
Halpin, 2013) Within the21% century skillsresearchit is particularly surprising that vey
limited number of studies investigdtthe processes dlirectstudentstudentcollaboratiornto
uncover the complex processes involvegroblem solving Siddig Hatlevik, Olsen,
Throndsen, & Scherer, 20116
Researchers have argued that the Cal®$truct is multifaceted and consist of two

broader skillset social and cognitive skillQare,Scoula, & Griffin, 2016). Even though
there is an emergence of interest in assessing these appraiauiieeEneouslythe capacity to

capture the cognitev skillsethasbeenmore successfdompared to the social skillset (Care et
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al., 2016)Yet , the challenge |Iies in Ahow to captu

aut omated way that | ends itself to coding an

(@)}

Against this backgroundhe present studgimsto provide insighttntos t udent s
interactiors, communication, collaboratipand problem solvingkills in adigital
environmentatlower-seconary level The overarching aim is to investigate to what eixéen
newly develope€ ol PS task facilitates and captures s
other and solve a problem within an assessymeoteover, welescribehese processes on
the basis of annderlying frameworkWe examine video data tdvelvethink-aloud protocols
(TAP), while studentavere taking gperformancebasedest

Theoretical Framework
Twenty-First Century Skills

The ubiquitous increase of ICT has affected the pace at which individuals
communicateexchange informatigrand collaborate across social digital netwoilsis
change requas to a great extentcompetences in prossing various forms of information,
interacting with othersand solving problems which may be distributed across several
contexts (e.g., school, workplace, home and social netwdike$ecompetences have been
labeled a$i21% century skill® andcomprisecommunication, collaboration, critical thinking,
information literacy, reasoning, creativity, metacognition, problem sqlaing
argumentatiorfi among othergBinkley et al., 2012P21, 2012; Suto, 201¥0ogt & Roblin,

2010. TheOrganization for Economic Goperation and Developme(@ECD)defined21s
centuryskilsas fAskills and competencies young peop.
effective workers and citizens in the knowledge soaefy t he 21st centuryo (
Claro, 2009p. 8. Skills related to communication, collaboratj@nd problensolving have

gained considerable attenti¢@reiff, Niepel, & Wistenberg, 2015yor instance, whin the

Assessment aneachingof 215 Centuryskills (ATC219 project, a comprehensive

frameworkof 215 century skillscomprisingten skillsetsvas develope@Griffin et al., 2012)
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Theseskillsetswere grouped in four domains: Ways of thinki@ydativity and innovation
Critical thinking, Problem solving, Bcision makinglLearningto learn, Metacognitior);
Ways of working CommunicationCollaboration); Tools for working [(hformation literacy
ICT literacy); Living in the world Citizenship;Life and careerPersonal and social
responsibilty). Hesse et al. (201%¥gued thathese skillsetsra multifaceted,
multidimensional, and compleRlthoughresearchers have pointed to the necessity of valid
assessmesto inform teachers and stakeholders about the suaoésstatus of incorporation
of 215 century skills in instructioRas et al., 204 only limited researchasbeen
conducted, particularly on st (Quelmaz2@9.col | abo
Collaborative Problem Slving (ColPS)

ColPS is a construct that refledtoth collaboratiorand problem solvingRoschelle
and Teasley (1995) definedllaborationas ficoor di nated, synchronou
result of a continued attempt to construct a
70).Problemsolvinghas been defined@#isc ogni t i ve processing direc
given sitwuation into a goal situation when n
199Q p. 284. Weaving the two constructs togethitre Programme for Internationatudent
Assessment (PISAjefinedColPSasfit he capacity of an individua
process wherebiyvo or more agents attempt to solve a problem by sharing the understanding
and effort required to come to a solution and pooling their keaye, skills and efforts to
reach that sol,ptg Thainterndtiohd pralecATC219cBnceptualized
ColPSslightly differentyas At he abil ities to recognize t he
group; contribute knowledge, experience, and expertise in a constructive way; identify the
need for contributions and how to manage them; recognize structure and procedure involved
in resolving a problem; and as a member of the group, build and develop group knowledge
and understandingo ( Gr i fThisproject@udimee g frarGewddic Ga w,

of ColPSby distinguishingbetween two broad skillsetSocial skillsandCognitive skills.
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Social skills relate to the fAcoll aborativebo
Aproblem solvingo part . hatthe sociahskilkcorreonl | eagues
managing participants (including oneself), whereas cognitive skillsernmanaging the task
at handAlong these lines, theocial skillsettomprise threecategories oindicators:
participation, pespective takingand social regulatigrihe cognitiveskillsetcompriseswo
categoriestaskregulation andlearningand knowledgduilding. Table 1 details these five
categories andresentsheindicatorsof each Hesse et al. (2015) argued that even though the
skillsets and related indicatadescribe collaborative problesolving,fit is not the case that
collaborative problem solvingkills can be easilynapped to the different stages. Rather,
many skills cut across several problsatving stages(p. 41). This complexity of ColPS
processeshallengsthe development and evaluation of valid assessments
Computer-BasedAssessmentsf ColPS

As mentioned earlier st u d e sHllshavesCarcklypen measurednd
especiallynotin standardizedesting environmest However alimited number of
approaches have been tak€nlPS wador instancaencorporatedn theProgramme for
International Student Assessment (PISA) 284% crossurricularcompetenc¢OECD,
2013. It wasmeasured byasksin which studentdhad tointeract andolve problems witha
virtual agent(i.e.,acomputersimulated avatar)his approach of assessing ColPS using
studemtagent interactiosmihas several advantagesstandardized testingor instanceall
studentgeceive the same stimulughile solving the tasks, and the scoring procedures are
automatedHowever, one of the drawbac&bcollaboratingwith an agenis thatthe students
are not providedvith an authenticexperienceThe authenticityof the problem solving
situationmayresembles t u d eatlifesexperiences and therefore enhance the
transferability of ColPS skills to similar experiencBssides, interaction with peers may
i ncr eas emotyvdtioncred rrigagément with thgsigiment More importantly,the

interaction with an agent cannot entirely capture the dynamics of interaction between.humans
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In another study aiming at describing the processes of CBEtSard anaolleagues
(2009) studied three forms of interaction conditions (e.g., stidanher, studergtudent,
and studentontent)and determined their effects on student learniigy foundthat all
three interactioswere positivey and significarly related tdearning neverthelesshe
studentstudent interaction was the most important among the thhese results were
supported by Schmid et.42014)who compared studergtudentinteractiorsin
postsecondary classroofnstween groups witharying degrees of technology u3éey
discoveredhat the presence of technology improved the effectiveness of inteszsntiamg
studentdor enhancingtudentachievementAlong these linesa recent metanalysis
revealedhat collaborative qualities whenpurposefully added to technologupported
studentstudent interaction contribue substantially téearning(Borokhovski, Bernard,
Tamim, Schmid, & Sokolovskaya015). The authordurtherconcludedhatii nst ruct i ona
design that supports pedagogically sound planning and the implementation of collaborative
activities| € ] t[hies Jc | e ar 1)wWhegerfinelings suggest thalcollaboration between
students has an impact dreir achievement and motivatiggetlittle is said about the content
of the collaborative projects.
Think -Aloud Protocols (TAP)

The TAP methodology has been used for decades to increasmpechensioof
human thoughts and actio(Buncker, 1945Ericsson &Simon, 198). Studiesusing TAP
focusonthe participant@®ii t h i n k that is,thair dedbalization otheir thinking while
takinga task.The TAP methodology is increasingly used in educational research as it
provides richand indepthdataon thinking processg®ressley & Afflerbach, 1995Theuse
of TAP hasalsobeen emphasized in usability test{joften labeled as cognitive labgyoduct
developmentand designand was first proposed by Clayton Lewis (19&®)e rason for the
increased use of TAP may I|lie in the fact tha

thinking processes that may not be captured by perforrazaszd tasks; TASConsequently
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contribute to crafhg a validity argumenfWilson, 2005) Neverthelesg:ricsson and Simon
(1993) pointed out that concurrent utterances are often incoheremizgrllerefore provide
perplexing data. Furthermore, Pressley and Afflerbach (1995) emphasized the richness and
variability of languagesurfacing inTAP, which may also reflect liabilities of the spoken
languageandchallenge the validity of the TAP analys#ill, TAP is a powerfubata
collection methodologthatprovides data on cognitive processes, access to reasoning
procedures underl ying cogn({Gteeneetal., 20]#Pcssleyt ud e nt
& Afflerbach, 1995. Scholarsfurtherhighlighted that verbalizations thiatke place
concurrently with cogtive processeareto agreatextentn dependent of parti «
interpretations, and thus naffectedby perceptionEricsson& Simon 1993; Van Someren,
Barnard, & Sandberg, 199MNeverthelesscollecting TAP d& is both labointense and
time-consuming Ericsson & Simon, 1993Even though only small sample sizes are
surveyed, the resultant data sets might become very rich and largélgrdvide valid
information JohnstoneAltman, & Moore 2011). Nielson (1994) suggested that a sample
size of five participantsnay alreadyield sufficient information about problem solving
behavior.This brings to attention that participants need to be selpatgdsefully
emphasizindhe diversity amongarticipantds consideredmportant.

Finally, wenotice thatthe TAP methodology is by no meansnsideredaquivalent to
all otherassessment evaluatiprocedures (e.g., expert reviews, psychtiin analyss), but
may provide otherwise unexploited information abibettest design and studedats
performancéKopriva, 2001).
The Present Study

In light of the research presentélde approaches to develop and empirically
investigate ColPS tasks for educational assessmentacelycdescribed. In particula,lack
of tasks that can be utilizdxy teachers, for instance, to generate formative feedback, identify

studentéability levels with regard to ColPS, and for supporting instruction has been
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identified (Ercikan & Oliveri, 2016)Ercdkan andOliveri further argue that the complex

nature of castructs within 2% century skills frameworks require the investigation of quality
evidence to go beyond traditional analyses, and suggest that empirical evidence based on
studentsdé reporting of thetalr thinking and re
The ATC21sproject has dealt with some of the issues and developéeéneing in
Digital Networks (LDN-ICT) testi a test facilitatingsynchronougollaboraion between
studentgGriffin & Care, 2015)This test was supplemented by a newly develdpaé&®S
task, which isthe primary focus of the present study.
The aim ofthis studywastwo-fold: First, we sought to develop ColPS taskhat
measures the sociahd cognitiveskillsess, as described in the underlying framew@tesse
et al., 2015)Second, on the basis of tiisIPStask, wewereaimed at evaluatinimp-depth
information about studersttudent interactionis a digital environmenfThese aimsvere
guided by the followingpverarching research question:
To what extent does the IB& task facilitate interactioand problem solvingetween the

students in a groupvhile working on gerformancebasedassessmeft

Method

The LDN-ICT test

The LDN-ICT test was developed the context of the ATCZIproject As part of the
development and validation proceaganel of teachers and national project managers
reviewed the initial tasks consideri( the possibility for applying the tasks for both
instructional and ass&sent purpose$2) the extent to which the taskgscriminate between
high and low achiever$3) whethetthe taskengage and motivate the students; @)d
whether the taskgrovidesufficient information for scoring and reporting (Griffin & Care,
2015) The LDN-ICT testis constructed tmmeasures t u d leamning id digital etworksi a

skillset acrosseveral competence areas (e.g., ICT literacy, communication, collaboration,
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citizenship, ColPS, and technicalllsk Wilson & Scalise, 2015; Wilsorgcalse, &

Gochyev, 2015) This testhasbeenfurtherdeveloped and translatéal adequately fithe
Norwegian language arsthoolculture.LDN-ICT contains thee scenario§.e., modulesor
testlet$, eachof whichincludesa number of tasks and relate to three different contexts
(Scenaridl: Arctic Trek MathematicandNaturalScience Scenarid®2: Human Legacy
Socid science and ArtsandScenarid: Second Language Chatanguage)In the present
study, theHuman Legacgcenariovas a@dpted, and a novel task¢Sketch was developed

in order to assess aetglaluates t u d e n t corapeténoels P S

The Human Legacyscenario
TheHuman Legacyscenariovas framed as part of a poetry work uirityhich students
were supposed to read and analyse-watiwn poems (Wilson & Scalise, 201B)ttempts
were made to keep the tasks clasauthentic classroom situations. For instance, in a typical
classroom context, the teacher might find it difficult to maleestiudents express the moods
and meanings of a poem. Moreover, the studen
understandings of the poem first, and then agree Wit érder to help students to formulate
and struatre their ideas about the poeney weregiven different tasks.

The entire set of tasks the LDN-ICT testwastranslatednto Norwegian, and further
revisions were implementetdhe aim was to keep the translated version as close as possible
to the original testNeverthelessthe translatiomf the Human legacygcenariaequiredarger
changesand replacementd some taskg-or instancetheEnglishpoemswerereplacedoy
NorwegianpoemsNorwegian studentwere familiar with in theiclassroonsettings
Furthemore authentic activitieshat typically occur in classroomgere incorporateth the
tasks For examplethe students were asked to express their interpretation of the moods and

meanings of the poem, and whether the Mduevideothey watched was an adequate

1 Note that Wilson and &dise (2015) labeled this scenawéebspiration We chose the labelifguman
legacyinstead pecauséVebspiratiorrefers to the software used in the original test which was not available for
the translated test.
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interpretation of the poeris mentioned earliethe revised anddapted_DN-ICT Human
Legacyscenariovas supplemented by a newly developed t@siketch with the aim of
investigaings t u d erablers sblvingcompetences ile communicating and collaborating

with their pees.

Construction of a newColPS task CoSketch

In this studywe designedand investigatga task which requires students to solve a
problem in collaboratiomwithin an assessmenthe aim was to construatfairly open real
world task without too mangestrictions The task was embedded in a performapased
online assessment with open access to the Inteméthat software was used in which
students could communicate synchronously without further restiscisropposed tphrase
based chat(Hsieh, &0 6 N e i |; Rosed,&FAtz2014).

The ColPS taslkCoSketcltonsists of integrated multiple technologies (Jeong &
Hmelo-Silver, 2012) anaffers shared software for both communication, and creation of a
drawing. The integrated software comprises a substantial advantage for the sasciets
caninteract with each other and create the product they are asked to (i.e., a drawing) for
solving the taslat the same timédence students can engage in the activities simultaneously
and share the same information and processes. In comparison to the remain@ILDN
tasks which also include multiplget not integratetechnologieswe assuméhatsharing and
interacting in a joint assignment, facilitated by fully shared software, may positively affect
and stimulate thetudentstudeninteraction This integrative software featuraay lessen the
burden of shifting between the different technologies (e.g., chat, the test environment, and the
software for creating a drawing or painting).

A number of consideratiorgiided the construction of the ColR£k In a research
report oncollaboration Lai (2011)emphasizé that the purpose of measuring studénts
collaboration shold be steering the construction of the tasksl emphasiseeds to be pun

different aspects of collaboration/ebb (1995) proposed a framewddk designing goup-
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based assessmertgghlighting the importance afhe procesgather than theroductof
collaborationif the intended purpose is to measure studersity to collaborateMoreover,
the constructionfahe tasks was informed by tkenceptual framewor&f ColPSthatwas
developed withirthe ATC21S project (Hesse et al., 20 causehis framework
distinguishedbetween the twakillsets,social skills and cognitive skilldrablel), each of
theseperspectivesvere integrated in the taskn orderto circumvent a heavy reliance on
mathematics, scienger other subject knowledgee chose relatively easy conterfts this
task

CoSketchfollowed a multistage design, in which students had to solvetasks
individually before and after theollaborative sulfask.Webb (1995garguel that this is an
ideal approacfor understanding ar t i ci pant soé6 abilityTheo | earn
individual taskgequired the students &mcess an external webpd§&ure 1) on which
studentgouldread the poem and answer questions aiboiutrthermore, they were able to
watch aY ouTubevideo about the poem and answer questielated tahis video. One of the
questiongeferred towhether the students believed that the video showed a good
interpretatiorof the poemNext, students were given a task in which theye askedo
develop a mind map about the poem. They r € s u p p aroed stoo aaaddd fifime an i
the poem and connect the different concepts tlaelydentified (Figure 3. These tasks were
createdn order to helgtudentgeflect anddevelop theiownideas about the poemhe
subsequentsk requiredtudens to meet theigroup by accessingwebpagdink to the
online softwareCoetch(Figure 3) This software consists ofdaawingtool and an
embedded chaBtudents were asked sketch a drawing together gnoups offour students
(Figure4). The resultantirawing should expredkeir interpretation of the poethey had just
readandwatched a video abausinceCoSketchis shared software armmhly allows for one
drawing atatime, the studentsadto draw togetheandcollaborate byfor instancedrawing,

erasingor revisingthe sharedsketch At the endof the taskstudentsvere supposed to save
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and upload theollaboratively sketchedrawingalong with thegroupconversatiori.e., the
cha).

After theColPS task, the students were again given indivithskisrelated to the
poem Students were asked to squiestiors about the poem from least to most useful (Figure
5), andnextto drag cards including claims about the poem into the correct category (Figure
6). In the end, the students were asked to evaluate the collaboration with their peers and
indicate to what exterthe collaboratioriosteredtheir understanding of the poefrhe
Norwegian poeniRegn Regmvritten bySigbjarn Obstfeldewas used in the test.iftashort
and simplgpoem about rain, and on rhyme.
Sample

TAP data ottwelve Norwegian students igrade9 andthefirst year of upper
secondary schooelerecollected between February and September 2@Ttumber of schools
were contacted for a largpilot of the LDN-ICT test. The respondeniisr the TAPstudy
wereselected from three differeathools, and two different classes within each school. The
students were selected by their teachers according to the maximum variation criteria
(Onwuegbuzie & ollins, 200%. Theaim was to have a variety of students (e.g., gender,
ethnicity, and educational achievement) in each group, to investigate whether theaSklPS
facilitates collaboration between the different individuals in a group. Previous stag&s h
focused on pairing students with similar abilities (Rosen, & Tager, 2048hmay
decrease thizee-rider effect Bossert, 19885alomon, & Globerson, 1989However,
investigating the collaboration between students with diffexbititiesdecreasgthe level of
effortT such that the teacher or assessment administratendbneed to identify and pair
students with equal abilities. Moreover, a varied group is more in line with what happens
both education and employménpeopleseldom get tolwoose whom to collaborate withhe
group of older studentgaschaosen from a validity perspective;ansought to investigate

whether the constructed taskaigpropriate for ninth graders or older students.
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The four students from each school formed on@grehich virtually collaborated
during the test. Thushedata comprised three groups (hamely A, B and C). As shown in
table3, Groups A and B consistd of students in grade group C consistd of studensin
theirfirst year of upper secondary schobhis group initially consisted of four students but
due to technical issues one student did not manage to participate in the collaboratawedtask
wasexcludedfrom the dataseEach group consietlof boys and girls, and a variety of high
to low achieving studentgsee Table).

Data collectionand assessment procedure

The feld work begamwith a meeting between the principal investigdRi) and the
studentsat eachschool The Pl explainedthe test and the TAproceduresand demonstrated
the process of thinkingloud Furthermore, the four studenitseach schoaleceived
individual usernamgand passwords for entering thelinetest usindaptops After the
introduction students were placed in four different rogrsdloggedinto thetestto access
thescenaricHuman legacyThe softwareCamStacidwas used to recorall activitieson the
student s6 c¢ o mpinvaudeor(i.e.sthinkirg @loud)dePdvisitedh the four
students to answer questions, amadesuretheyfollowed thethinking-aloudprocedureThe
time students could spend on themanlegacyscenariovas limited to 45 minuteshey were
able tomonitorthe number ofasksand how manyhey had lefonthe bottom of the test
window (see fgure 1)

In this study, TAP was utilized for a number of reas¢hsto examine the usability
and authenticity of the assessment tool, w&ithain focus on theevised andhewly developed
tasks; (2) to uncover a more alepth viewof theprocesses related tollaboration and

solving task<ollaborativelyin an assessment situatibayond the evaluation of the

correctness of st udeand(8)tobtam emfermationdrenstheflTAP t h e

analyses in order tionprove the assessment tool.

2 https://www.techsmith.com/

t

a
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Coding of TAP data

The TAP data comprised videaaterialof studentéscreens (e.g., actions on the
computer and within the test environment) and audio of their thinkingl®hd software
InterAct was used for coding artthta analysisThe Pl and a student assistant developed a
coding scheme in aterativeprocess. First, the most relevant codes were identified on the
basis of the underlying framework of ColRZesse, 2015Table 1) Second, one TAP file
was coded using these indicat@sd further indicators were identified given the observed
interactionsetween the students in a group while solvimg€olPS taskThese includéoth
eventandsequenceodes each of which caheassignedo a certain time and frame in the
data file.Theresulantcoding schemdistinguishedetweerfive maincategories: Timepre-
individual portion {nitial task9, studentstudentinteractionspostindividual portion follow-
uptasks), incidents andhelp. Detailed descriptionsf the indicatorsn each categorgre
describedn Table 2 The categoryimeconsistedf six indicators fothetime each student
spent on the individual tasks the beginningthetotal time spenbnthe ColPS task, and the
time spent orthe ColPS taskithout anyone to collaborate with (i.&zhenone student was
completely on his or her own in the ColPS task environmkt)eover,time spent on post
individual tasks andontask behavior was calculatéthe categoryre-individual portion
consistedf eight indicators whichwvererelated to the individual tasks and processes students
had to go through befe they entered the ColPS taskese were coded as events, and were
used asndicatorsof whetherthe students haoeen familiarized with the poem different
ways, so the team members could bring individual perceptions and opinitwesGolPS task
(Nihalaniet al., 2012 In addition each of the tasks in which the students had to add a
response werscored with partial crediig.e.,0 = did not solve it or vang answer; 1 = below
average (i.e., somewhat correct answer); 2 = average (partly correct answer); 3 = above

average (corre@nswey; seeAppendixA for an overview of the scoring of each taskhe

3 https://www.mangoldnternational.com/en/
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catggory studentstudent mteractionsconsistef threesubcategoriegTable 2)whichwere
derived from thewo main skillsetsSocial skis andCognitive skillsn theunderlying ColPS
framework (Hesse et al., 201bablel). Thesethreecategoriesncluded themain indicators
ofstuknt sd6 Col PS: coimpe ¢ e hdu@ngthexdllaboratiankd., drgwer,
observer, writerand saboteyseeTable 3, studeh sCognitive skills GoalSetting,
ClarifyProcessTimeManagemenDraws, andTask discussionseeTable 3 and Social
skills (introduceOneSelfSeeksToKnowWhoslsInCh&geksHelpFromOthers
GivesSupportToOthersocial_discussigrandOffTaskBehaviorseeTable 3. These
indicators ardurtheraligned with the ColPS framework in Tableahd labelec€Coding
rubric and placed next to therrespondingategoiesin the frameworkAs can be seen from
Table 1, all elements excefsidience awarenesgereassigned to an indicator in the coding
schemeSome of the codes were assigned to more than one elentbatframevork. This
was due to the fact that some elements in the framework were challenging to disentangle.
Moreover, the ColPS task was rauitirely constructed aanill -structuredoroblem(e.g., tasks
that cannot be solved by recalling facts or beeblyy a single, competent group member;
Hesse et al., 2015; Rosen, & Tager, 204ih regard tahetime, effort and the cognitive
demandsequired for solving itHence amorefine-grained codingo identify thesenuances
could not be appliedHowever, the task was challenging and parthgtitlicturecbecauseét
required the students to collaborate to solve the problem by using the shared software.
Thetwo indicatordask related discussion and social discussiene addeda the
codngschemé¢ o gauge studentsé contributions to
task (labeled asmskDiscussionseeTables 1 and 2 orregarding other tasks in the test, or
issues related to the test situation (labelesbaglDscussionseeTables1 and 3. The
categorysocialDiscussiorwas used for capturing studedt®mmunicéion regarding other
issues thathose strictly related to solving the task (still related to the test), and should not be

confused with nottask behavior which was used fmoding studentsbehavior related to

t
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other issues than the telibtethat the indicators in the ATC21S ColPS framework are

defined at three levels (e.g., low, middle, higeeHesse et al., 2015, p. 43). However, the
indicators were not differentiatea our coding rubric as we wanted to seek the processes in
students6 interaction and not the detailed |
The indicatordncidents and Helfi.e., Technical_Issues, Help_tech andgHésk:
seeTable 2)wereused each time treudent encountered technical probleand asked for or
received help related to solving the tasks or technical issues.
Finally, the categoryostindividual portionwhich consisted afevenindicatorswas
coded anacored $eeAppendix A).Theendproduct(i.e.,thedrawing was evaluatednd
scoredaccording tchow well it aligned with thggoem.In addition,for each student four
overallcategoriesvere evaluate(see Appendix A)These compriseithdicators related to the
student s 6 skills(eval@diab); vehetheohe or she collabordiatherin tasks
otherthanCoSketch(FurtherCollab)
One file was coded attime, and eachime the indicator appeared for that particular
student it was coded as an event (occurrence) or time lagotied data filesf each student
were secondly @uped togethein-depthanalyses wre conducted on each group file
Moreover, to assure the quality and consistency of the coding, the Bfresehrch assistant
coded two full data sets together and discussed and refined the coding schereecadihth
Secondly, the remaining data files were divided and coded by the Pl and the research
assistant. To ensure the quality of these processes, insecurity and disagreements related to the

coding and analysis were resolved through discussions withregkarch team.

Results
In order to addregheresearch questioif o what extent does the ColPS task facilitate
interaction and problem solving between the students in a group within an assesgnent

startedwith avertical (withincase) analysiby comparingeach studeid contribution to the
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ColPS task within the groufMiles & Huberman, 1994 Secondthe results of the vertical

analysis of each group were submitted to a horizontal analysis (i.e-gcoogscomprisons
Miles & Huberman, 1994)n which the three groups were compared for investigating
similarities andlifferences

Vertical (within -case)analysis

Group A. Thisgroupconsistof 3 male students arafemalestudentwho differed in
theirlevels ofschool achievemeiisee Table 3: column label&tadeg. Table 3indicates
that thehigh-achievingstudentsn group A also wrote the most during the collaborative task
(i.e.,column labeledTex) and used SM$anguagedheleast(Table 3: columrSMS.
Studentsé coll aborati on waEvalCellad and they made a s
sketch which represented averagdevel of achievement (Table 3: colurbmawing).

Time The four studenti this group spent different amounts of time on the
collaboration task within a range between 12 and 23 minutes (FaB@EumnTimé); they
spent roughly the same time in tBeSketchenvironmentDuring the 23 minutes im the
CoSketclenvironmentat least two students were present at almost any time pbatime
profile of thestudents in group A ishownin Figure7a.

Studentstudent interactiond=igure 7b showsthe actios taken by the students in the
ColPStask (e.g., the codesitroduce himor herself; seeksToKnowWholsIinChaseeksHelp;
SupportsOthers; TaSIscussion; Soci@ildiscussionDraws. In groupA, student @ has a
limited contribution to thecollaborativepart of thetask(Figure7b). He doeseitherengage
much in the taskliscussion nodoes he patrticipate the social discussion anyother
interactionin order to solve the task collaborativelyowever, the student contributes by
drawing andtakes on the role asobserverThis was indicated b§a) his appearance in the
chat room, an¢b) the observatiotha he did not writenuchbut sketchedn line with what
theothergroup membex suggestedstudens02-04 wereequally engaged in solving the task,

andcontributel all to the taskand social discussionall contributel to thedrawing, but

ow
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Studen®3 drewthe most whileStuden®4 wasmoreengage in the tasldiscussior® he also
soughthelp fromthe others more frequentlthan the other§~igure 7b) Studens02 and03
tried to clarify theprocess t@ome to a solutioby for instanceanalyang and rephrasg the
task, shang responsibility for the different parts of the process to solve the prohlamn
askng questions related to time and chpities of the group members (salsoTable 1).
StudentOXontributel the most to the sket@and took the role as drawéte also triedto
identifyt he ot her st ud e n (Fguwe7h),this sttdentvroteensostinthe t he ¢ h e
chat (Table3:Text).
Most of the students were positive to the testespkcially tahe collaborative task.
Student04 expresséetr emotions related to the task very enttaigially and following is a

excerptfrom her thinkaloudprotocol including the time stamp.

14 . Naw we ivill draw- what what the poem is abaut

17 . Ndw we ivill draw some skies amtichconcerningwvhat this poemis about. We are a group of four that
will collaboratetomaka dr awi ng. 0

18.25:AAnd everybody draws what they think itaboutS ki es and rain and, Sso everybc
2518iAlt was fun to see what the others answered. Not f
25.30:AThe collaboration helped metobetten d er st and. Yes it did so a Ilittle

25.55:fExplain how your understanding of the poem changed througtotlaoration We did manage to draw
and show what we understood about the poem and through that | understood better that it actually is not only
about rain, rain all the timeo.

Group AGs interaction proceesareshownin Figure7c. Thevertical «is in the figure
indicateshetime line and the horizontal axtheinteractions Students in this group are
representedly circles with different colos, and the small arrows indicate the direction of the
processes of their actions within the different time categorieBigAse 7c shows StudentQ
(i.e.,white circles)and Stuent04 (i.e., bluecircleg interacted the most, while the other two

students inhe group contributed by drawing
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Overall,three of the studentgeremostly collaborating andolvel the task
successfullyAll studentscontributedandall codesn the underlying frameworlwere

applied.

Group B consisted of 2 male and 2 female students with differing levedstafol
achievement (Tabl8). Students of this groupad better school grad#sanstudents in the
other groups (Table 3: colun@rades. As shownm Table 3, each student within this group
contributedconsiderablyby writing in the chat, and little SMB&nguage was used. Moreover,
s t u d eollabosation wagvaluated as avera€able 3: columrktvalCollabh, andthe
sketch they drewvasof low quality (Table 3: colummrawing). This group collaborated
furtheron the posindividual taskseven after thejrad finished théhe collaborativetask
(Table 3: columrurtherColl).

Time The four students in this group spéliftered in the time they had speot the
collaboration task within a range between 16 anchitiutes (Table). Forthis group, two or
more students were in ti@Sketclenvironment for around 27 minuteStudenO5 accessed
the collaboration softwararound 3 minutes after logging on to the iestis observation
explains why she spent 41 minutes in¢b#aborativetask An overview of the time profile
of the students in group B $hown in Figure &

Studentstudent interactionsAs shown in Figuré&b, Student8 and StudentDare
equally active and contribute equally to the tesllated discussions and the actual process of
drawing. Studen®contributesoverallthe leastd the discussion in the cheampared to the
other group member¥et, he draws most of theketchand therefore waassignedhe role
drawer. Student@ in general contributes more to the overall interaction and leads the task
related discussiqrseeks help from the others in the group, and contributdsaing This
studentwasassigned the roleadersince she took on the responsibility to drive the process

of understanding the task, discuagh thegroup towads a solution



THINK-ALOUD PROTOCOLS OF COLLABORATIVE PROBLEM SOLVING 20
Both Student07 and Student08 struggled with uploading the chat and asked the others in

the group for help concerning how to save the chat/conversAtibanscript from

Studen®©7sO TAP illustratesthis:

18.20:fiSince it was one is @nand two is two | think it is enough with two persons so | might create the water a
little smallero

18.45./0h this worked well actuallyd

22.50:fiHow can one save the chatan just copy the whole thing, bt

26.05:flt is fine. We can rather continuand then wean go backater insteadf it is possible.Yes, it is

possible. o

3819;But | havendét comparedad the answers with the ot her s
43.46:AShould | ask or should | not ask?

44.13:(writes in the chatfiTask 7? Whatdg ou t hi nk about it ?0

46.08:(writesinthechatfiDi d we really coll aborate?o

48.53:filt was valuable to compare my results with the otHerssd o not know exactly what t

Moreover,Student@ was quiteskeptial to the others in the begiimg when she

entered the chalhe following excerpfrom herTAP exemplifies this:

16.13.iNow | aminthechat hi ngi because it was blinking all the ti
17.30:A have no clue whthis is and it is really scary»

17411 am actually thinking quite a |l ot while | am doir
18.05:fWait, who is this? Is it Karen? | want to ask who it is»

21.08:fThis is scary. Someone asked mewamand | dohdt thaowi so

After shegot to know who tle other person in the chatroomsyahe staed todraw,

and she got confused when she realthedothes coulderase her drawing.

2445 He candt er ase mi neWhathsgoird bn newsels! aill maye todirava agaim g .
will not give up.Such things irritate me. He can erase his things, but he cannot erase my things
27.02:fiNo, no, you are natupposed tdraw thatNow | will paint. Now it is my turro

In the endshe reflected on the collaboration and wrote:

45.13:( wr i t e s il thinktthe eollabohatioh did néit have a large influence, but it gives other viewpoints

abait the poemWhi ch i s goodo

Group BsO i nt er ac Fguedc Therfiguie sheves thatthe s hown i n
students irGroup B spent most of the time in the ColPS task togedimer interacted
throughout theentiretask The density in the figursuggests high level of interaction
between the group membeidhe figure also illustrates thiavo of the students (StudemO

and Student®) continuedcollaborating after thelgad finishedhe ColPS task.
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Overall this group6és c ol lactdiized bgathiphdavelgdr oces s es

interaction, and all students in the group tpaktactivelyin solving the task anengagingn
discussbns They even collaboratetliringthe postindividual partof theassessment
Moreover, all codes were applieghd hence alements of the underlying framewaréuld
be identifiedduringthe ColPS task.

Group C. This groupcomprisedwo femalestudentsanda male studen{Table 3) The
students were in their first year of upper secopdahool (i.e.pneyear older than students in
the other two groupsand differedn their schooperformancdsee Table 3: colum@rades.
All three students wrote large amosiof text anddiffered in the extent to which they used
SMS-languagegee Table 3)Their wllaboration was evaluated ageraggTable 3: column
EvalCollab, andthey made a sketch which represented an intermediate level of achievement
(Table 3: colummTash.

Time.Thethreestuderts in this group spent differeatnouns of time onthe
collaboration taskvithin a rangebetween 23 and 43 minutes (Tab)e Studen®9 accessed
the collaboration softwarguite early aftefogging onthe testthis explains why shéad
spent43 minutes in the joint taskShe was also solving the individual tasWsile she had
accessdthe joint taskFor this group, two or merstudents were in ti@oSketch
environment for around7”2minutes An overview of the time profile of the students in group
C is shown in Figur@a.

Studentstudent inéractions As shown inFigure9b, Student09 took mosif the
responsibility to solve the task in this grodpis studentvas heavily engaged in thask
related discussianthedrawing, supporting thethers and clarifying the process. Student09
also engaged in the social dission, but less than the other two students in the g@iupn
the overall performance &udent09 she was assigned the rédader Student10 and
Studentlicontributed equally to th@rawingactivitiesand engaged in thedarelated

discussios. Studentl aimed at clarifying the processes to come to a solataisoughthelp
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from the others in the group. Stude@tdas the only studenthotook on thecounter
productiverole asa sdioteud. He erased the drangs several timesbut hewasengaged in
the taskrelated discussi@nThis groupésketch scored at a high level (TaB)eThis was the
only group that was concernedth keeping track of the time spent on the test and the
collaborative task.

Student09 an@tudent1l1 encountergdchnical problems arakked for Blp from the
test administrator to solve them. Th@eseblemswere related taccessing the Ydwbe
video,andsaving and uploadindné chatBecausdhese basic skills were part of the test, the
test administrator could not provide help. Furtherm8negdentl0showed negative behavior
by erasing the groupsalving over and over, and letting the others think heanather
student than he actually was. Howeverchanged his behaviam the end, and let the group
completethetaskso that they were able to subrttie finalproduct.Student09in fact,
resolvedSt ude nt 1 gdducticedehaviosy pushing théunda buttonin the
CoSketclsoftwareseveral timesThis button helped bringing back the lastsion of the
drawing.She wrote a lot in the chat and asd®tched mosif thegroups drawing.For

instance, e stared off writing what they can draw in the chat:
06.05:( wr i t es iWe cah foranstanbdeatv yvo kids that jumpand it rains at the same time or
somethindike thap

When sheealizedthat the othersrerenot in the chat, sheentback to the individual

tasks anaaid

08.00:AJ us't now Sarah | eft twihat wecsthoald drasv bedause o did ndt undesstariddithe k n o w
task. Or | understood it, but, | donot know where the
alone®

After 5 minutes the others are back in the chatl she continake

13.10:ANow the others are back in the chatsonow I hopéll | get done with the drawin
20.30:(wri tes iLettdlse dolaavt saihd or somethingo

28.13:( wr i t es iDm mnhe whhSde) si 8l theuddiwing)has digpeared because the other
studenpushed the ficlear all o buttono.
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After this and the struggle the group has with Studesébotaging the drawing, they

managd to finish the sketch. Bustudent09 did not manage the taghkich requiredto sawe

anduploadthe chat:

40.55:fil did not understand how to upload the chat so | skipped it, because the others are not replying either

However, in the end sts=enedcontent:

45.51:fiExplain how your understanding of the poem changed through the collaborationintfaetgjuite fun
to draw our understanding of the poem together. | understood that it is about kids that love rain, and what they
did while it was rainingo.

Figure9c visualizesthe proessof thestudentdinteractiors in group CFollowing the
coding ofthetimeline, it illustrates thatt8dent10spent mub time alone in the chat, while
Student09 andt8dent1l collaboratedand spent much of thetime together in the ColPS
task It is also evident from the figure that Student09 engaged more in solvitasthe
compared to Studertl

Overall this groupds col |l abor aspecaliyonrgr ocesses
student taking the lead. The second studésttcontributed to slve the task. And even with a
member that was sabotaginigey managetb solve the tasiell. Once again,lacodes were
applied
Horizontal (crossgroup) analysis

Il n gener al , t he sveteneldted notitisethe €CaP® vaskrorsoaetoi o0 n
the other tasks in the assessmkEleince, there was little communication about issues other
than those related to tiuman legacyscenarioNone of the students visitéadelevant or
distracting Internet pagehiring the tesfe.g.,Faceboolor pages related to news, spods,
music) In the focus group interview afterwards, the studerfganedthat they were
engaged with the teahd didneitherthink of accessing other pagesr felt theyhad the time

or urgeto do so
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FigurelOillustratesthe comparisonbetween the three groups related to their
interactionsduringthe ColPS taskGroup Bdiscussedhe ColPSask the most, while group
A had theleasttaskrelateddiscussionsStudents igroup Bsoughtmore helgfrom each
other, andalsosupporéedeach other morthan students in the other groypsgure10).
Figure 10illustrates the amount of interaction in the groups simavsthat although little
interaction was identified in group, Atudentgut significant effort in th@ctualdrawing
activity. Despite the fadhat one of the studenits group C disrupted the collaborative

problem solving process, this grosgored the highest on the task.

Discussion

Themain objective of thecurrentstudyweretwofold: First, it was aimedat
investigating the extent to whieghnewly develope@olPS tasKacilitated studenistudent
interaction and problem solvingithin an assessmenthe £condaim wasto investigatehe
extent to whichthe underlying theoretic&olPS frameworkouldbeapplied to capture
primarily the collaborative processes during @@PS taskThesetwo intertwinedaimswere
exploredwith the help os t u d e n tasathatcbrAaihedhe verbalisation of their thinking
as well agheir actions and performanoathe assessmerithe key findingf this study
suggesthat (1) the main categoriecEmeandInteractionsprovideessential information
about individuabnd group behaviou(2) TAP data providesaluableinformation about task
behaviouri thus,suggestions fothe refinement of ColPfsks are provided(3) the ColPS
framework can be operationalizedthoughnot all indicatorsnight beclearcut
Collaboration time

Our resuls regardinghe times t u d spentorstiée collaborativetaskduring the
Human le@cy scenarighow thathedifferent groupsvaried in the extent to which they
exploited theime to collaborateThis variation was m&t probably due to the fact that

students within a group did not manage to access the task at the same time. For instance, in
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two observationghe students that did not manage to access the ColPSytasikronously
(i.e.,when other students were in tGeSketctenvironmentand thusnissed outhe
opportunityto interact and collaborat@ur findingsconsequentlyndicatethat there is
relation betweethetime spentonthe collaborativéeaskand he synchroni zati on
access. This, in turn, may further influence the intensity and frequestydantstudent
interactionsAnother line of thinkingnterprets time on taskformation as information about
the effort students take in order to engage in either collaborative or cognitixgesscin
ColPS.Moreover, nissing out opportunities to collaborateght also be due to the fact that
somestudents may not beilling or open to collaboratdigitally. From an assessment
perspectiveon the one handk, might bea positive asset thétte test design allownthe
studentdo enter the collaborative taskditferent times, such thalhe students may decide on
their own pacef engaging in collaboratioi®©n the other handjiven the individual
differences in time on task, this openness of the environment may createrssinatrhich
students miss owllaborative activities by design. This may further affect the-takeng of
individual students. Students who enter earhyhave a better chance of understanding the
problem and the environment than those who enter later; these students are therefore more
likely to take a lead and/or contribute substantially more tiin fellow students

Our findingsfurtherinform the designof assessmenkFor instancetheassessment
shouldbe redesigned such that the ColPS task is accessed &titligthe preindividual
portion isimportant to prepare the students for the ColPS tas##to stimulate them to have
their own opinions and ideas. However, for thanan legacgcenaripwe realise that there
were too many tasks in the bieging which affected the time the students accessed the ColPS
task.The students spent different amount of time on these tasksewe believethis
refinementcouldhelp students within groups t@mpensatéor the asynchroous access to

the collaborative tasiSteering the timstudens areallowed to spend on each portion of the
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taski be it the individual or the collaborative tasks an important design considecet for
structuringassessments of collaborative problem solving.
Student-studentinteractions and role-taking

Our results indicate thasgtudentdook different rolegluring the collaborative task
despite the fact that thigas not explicitly required in the tasBudents mayave foundt
necessary to contribute different ways to solve the taskespeciallypecausét would have
not be useful if algroup members engaged in drawing simultaneodghereas our study
allowed stuénts tofreelychooseheir roles within their group, it might be worthwhile
studying situations in which studeratiee assigned to specific roleéSystematically varying
the degree of choiceinretea ki ng can provide 1| nsatignhands 1 nt o
role switchingi two essential elements of collaboration skiREF). From a design
perspective, thisouldeither be simply stated in the task information, suggesting that the
students should contribute by taking on different rodeg.( leader, drawer, organizeut
leaving it open which of these roles each individual student would take or have them pre
assgned to specific rolesandomly in the beginning of the collaborative tadkreover, task
designers may alsencouragetudentdo discuss and share rolas part of the task (e.g., an
example of this arrangement in a task is provided in Wigs@talise, 2015)From a
methodological point of view, thirloud protocols have proved useful ststudy,
particularly in order to uncover studesttident interactions and student behavior.

- For theory about roles Hesse and Rosen afdger

In thistest, all students received the same task stimulus (i.e., they watched the same

YouTube video and answered the same questions about the poem). For future administration
of the task, we may explorethde¢ ct of di fferent stimulus on
For instance, group members may access and watch different videos about the poem, are

asked different questions, or are provided with different pieces of relevant information needed



THINK-ALOUD PROTOCOLS OF COLLABORATIVE PROBLEM SOLVING 27
to solve thegoroblem (Jeong & Hmel&ilver, 2016). These changes in the design of the task

may facilitate varying levels aftudentstudeninteraction.
Group compositionand ability levels

Students with diferent backgrouns] genderand ability levels were grouped together
to certify that the ColPS task enablesdiféering group members to interact and engage in
creating a solutiorin contrast tgrevious researcivhich pairedstudents with same ability
levels and ColP8harateristics(Rosen, & Tager, 2@B), the present studyerformedrandom
pairingof studentsbecausé¢heidentification of studenésability levels and furthegrouping
them in thecomputefrbased test environment sessimesource demandinfyloreover, the
existing body of literature describing the potential characteristics that might influence
studenté behaviour i n col | ab ornehas noeyetpepostddicleam s ol v
cut criteria for grouping studentREF). In contrast, pressigned roles and responsibilities for
specific tasks while solve a problem collaboratively might help to reduce or even circumvent
counterproductivebehaviour (REF. From a classroom perspectitrough it seems
challengingfor teachers tpair the studentson the basis dboth thes t u d social and
cognitiveskills (Webb, 1995)This isprobablyan effect ofeasyto-use classroom
assessments of these skifmally, in worklife, people oftemeedto collaborate without
much knowledge about the othésel of skills or knowledg€éREF); the random grouping
performed in our study might therefore represent a meaigstic scenario mimicking redife
situations This claim, however, should be subject to further testing.

We also believe thdeacling student§ ColPSrequiresexperiencingvorking with
differentcombinationf studentsThese experiences will help them sustain adaptability in
changing group settindPulakos et al., 2@). Our analyseslisplayedhat the students in all
groups were able to contribute to the tadspite the diversity within thggoup Eventhe
studentwho showed countesroductive behaviocontributel to the taslkby drawingand

discussingThe fact that collaboration was achieved aadnterproductive behavior could
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be reduced i ndi oesdtecsllarate ahe their adaptabiitylel i n g

interacting with their peers within the graup

In conclusion, the choice as to whether a random or fixed assignment of students to
specific roles in collaborative problem solving should be perfordepeénds on the purpose
of the taskIf embedded imnassessmenit may be useful to assigtudentgo explicit roles,
andtheir performanceould bescored in relation to the expectatidram theseroles.If the
goal is toexamine rolegaking behavior as a part obllaborativeskills, tasks should be
administered that allow students to select their roleegahize themselves to solve the
task.Overall we believe thatole-takingis an essentigdart ofteaching and learning of
ColPS.

In ourstudy, it appeared thatot all students in a group seemed to engage equally in
the ColPS task. As previoustyentionedthere may be different reasons for this (e.g., time on
task, the roles takenAnother, perhaps obvious reason refers to group Bizn though
manipulatinggroup size was notthe core aim of thistudy, we suggesixploring tre
assessment with teams of two and/or three students to identify the optimal group size, because
tasks which are less cognitively demanding may benefit from sngatiaps Another
advantage of smaller groups is that it may reduceridé®y or socialloafing (Salomon &
Globerson, 1989; Webb, 199%nd may increase equality of participatiBesearchers
argued that group size and composition should be carefutiyideredhsit may affect group
performanc€Rosen, & Rimor, 2009; Webb, 1995; Wildmarakt 2012.

Operationalisation of the ColPS framework

The indicators ofhesocial and cognitive skillsets developed for encapsulating the
student sd Col &flicaplenmarstsdg@nshe basig oéthe results of both the
vertical and horizontal analysis, we could identify that all the indicators were applied to each

group This finding suggests thtte ColPS task itselfes featues that enablstudents to
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communicate, collaboratand solve th@roblem We consequenthargue that the ColPS task
is useful to engage studeimscollaborative problem solving

At the same timeye experienced difficulties related to the development of categories
to disentangle some of the elements in the framewdrks, we encourage further research to
investigate the alignment between the structure of the framework and the task design. We
hypahesize that more cognitive challenging tasks estilictured problem@.ai, 2011 may
surface other aspects of the social or cognitive processes described in the framework. The
issue related to the operationalisation of the ColPS framework has besedtoy several
researchera’/ho emphasize that the inherent structure of the ColPS construct has yet not been
fully understoodCare et al., 2016)

Conclusion

Researchers have pointexthe complexhature of theColPS construcand
encouraged thdesign of effective assessment approaches (Care et al., 2016; Rosen, & Foltz,
2014;Rosen, & Tager, 20)3Accordingly, the present studyresente@nd explored aovel
ColPS taskQur results showed that the nevdgvelopedask facilitates studerstudent
interaction thus allowing us to identify and descrilsellaborative problem solving
competencesThe analysis showed promising results regarding théstasility to enable all
students to contribute to tleellaborative problem solving process in different ways
However, further refinementsith respect to collaboration time, retigking, andoerformance
scoringare suggested in order to improve and further investigate the poterntialtak We
believe thatwith the increasing use of technologynchronous ColPS competences are
crucial and should be both instructed and assessed widhoational systesi our study

takesa step towards investigating the construction and application oftagkh
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Tables

Table 1

36

ATC21S ColPS frameworkhe categories and indicators within each skillset; Social skills and

Coghnitive skills, and the codes from the coding rubric

Social skillset

Cognitive skillset

Element | Indicator | Coding rubric Element | Indicator | Coding rubric
Participation Task regulation
Action Activity within introduceOneSell Organises Analyses and ClarifyProcess
environment ; Sabotage; (problem describes a
SeeksToKnowW | analysis) problem in familiar
hosIrChat language
Non-task
behavior
Interaction | Interacting with, SeeksHelpFrom | Sets goals Sets a clear goal for { GoalSetting
prompting and Others task
responding to the GiveSupportToO
contributions of thers
others SociaDiscussion
TaskDiscussion
Task Undertaking and Draws Resource Manages resources ¢ ClarifyProcess
completion/ | completing a task or management | people to complete a TimeManagem
perseverancg part of a task task ent
e individually
Perspective taking Flexibility and | Accepts ambiguous
ambiguity situations
Adaptive Ignoring, accepting | TaskDiscussion | Collects Explores and TaskDiscussio
responsiven| or adapting elements of | understands element n
ess contributions of information of the task GoalSetting
others
Audience Awareness of how to Systematicity | Implements possible| TaskDiscussio
awareness | adapt behaviour to solutions to a n
(Mutual Increase suitability problem and
modelling) | for others monitors progress

Social regulation

Learning and knowledge building

Negotiation | Achieving a ClarifyProcess Relationships | Identifi es TaslDiscussio
resolution or TaslDiscussion | (Represents | connections and n
Reaching and patterns between ang
compromise formulates) among elements of
knowledge
Self Recognising own SupportToOthersf Ru | e s : | Uses understanding | ClarifyProcess
evaluation | strengths and theno of cause aneéffect to
(Metamemo| weaknesses develop a plan
ry)
Transactive | Recognising SeeksHelpFrom | Hypothesis Adapts reasoning or | TaskDiscussio
memory strengths and Others Awhat | courseofactionas | n
weaknesses of other (Reflects and | information or
monitors) circumstances chang
Responsibil | Assuming TaskDiscussion
ity responsibility for ClarifyProcess
initiative ensuring parts of tasl

are completed by the
group
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Table2.

Rubric for coding the thirkloud data

Code

| Description

Time

Collaboration

Time spent on the Cosketthisk, starts from entering Cosketch, andsenc
when the student stamiploading the chat

Alone in Chat Time spent in chat, waiting for others
Preindividual Time spent on taskseforeCoSketchtask
Postindividual Time spent on taskafter CoSketchtask
Total Time spent on the whole (Poem) Human legacy scenario
Non-task Time spent on activitiesot related to tasks
Pre - individual portion
2A Answered questns about the poem students nead
2B Posed ajuestion about the poem
3A Copyé& paste poem
3B Score, 1< bubble = 0 point;3Lbubbles=1 p, 3>=2p
4 Sorted the questions about the pdemore and less relevant
Actions-ColPS
Roles

ActualRole_drawer

The student takes on the role as an drawer @mnjicable if others are in
chat)

ActualRole_observer

The student takes on the role as an observer (e.g. is in the room but d
draw or lead discussions)

ActualRole_writer

The student takes on the role as an writer (e.g. writes about the task
suggests how to solve it or help others or clarifies the process, ACTIV
writer role)

ActualRole_sabotage

The student sabotages the drawing or chat bytaskbehavior (e.qg.
messes up the drawing, writes things not related to the task..)

Cognitive skils

GoalSetting

The student tries to set goals for the task (e.g. explain what needs to K
done)

ClarifyProcess

The students triet® clarify either what to dravihe roles (e.g. who will do
what)or the progress

TimeManagement

The student asks or poststhe chat timeelated information (e.g. time
awareness related to finish the task in time)

Draws The student draws

TaskDiscussion Communication related to the specific ColPS task

Social skills

introduceOneSelf The student introduce him/her wheneasinig the chat (e.g. hi/hello, | am .
SeeksToKnowWhdaCh | The students ask whether others are in chat or who is in the chat

SeeksHelpFromOthers

The student ask the others in the chat (e.g. what are we supposed to
how can | copy the chat, )

GiveSupportToOthers

The student help others (e.g. when someone ask question about what
or how to do certain things..)

SocialDscussion

Communication regarding other tasks in the test, or issues related to t
situation

Non-task behavior

The student clearly does thingst related to the test

Incidents and Help
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Technical issues

Every time the studemincountersechnicalissues/problems

Help tech Eachtime the studenteceives/asks fdrelp to deal with technical issues

Help task Eachtime the student receivesks for help to deal with task related issu
Post individual portion

9A Searched and found webpage with a poem

9C Made an audio file

7 Sorted the cards related to the poem

6B Uploaded the chat from coSketch

9B Copy andpasted the webpage address (link) to the poem selected

6A Uploaded the painting from CoSketch

8 Answered questions abaile collaboration
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Table3

Title?

Id ‘ Gender‘ Age‘ Drawing‘ EvalCoIIad FurtherCol Emoticonﬁ SMSi Text‘ Grade4 Time
Group A
ST_1 F 14 2 1 F 0 1 2 3,8 12:16
ST_2 M 14 2 1 F 0 2 1 3 17:46
ST_3 M 15 1 1 F 0 1 3 3,8 12:00
ST_4 M 14 2 1 F 0 2 1 3,6 23:13
Group B
ST_5 M 15 1 2 T 0 1 2 5 41:12
ST_6 M 14 2 2 F 0 0o 2 4,3 23:14
ST_7 F 15 1 2 T 0 1 2 5,7 16:19
ST_8 F 14 1 2 T 0 1 3 4,7 28:18
Group C
ST_9 F 16 2 F 0 3 4 43:24
ST_10 M 15 2 1 F 0 2 3,6 2351
ST_11 F 16 2 2 F 0 3 3 3,6 24:45

Note.Gender (M= Male, F = Femald)rawing= the sketch, enrgroductwhich was
uploadedEvalCollab = evaluation of the collaboratiaith a scoreFurtherColl = Whether

the students collaborated after the collaboration task, e.g., for thmmgivatual tasks.
Emoticons= To what extent the students used dowots for expressing themselv&MS =

To what extent the student used SMS (shm$sage) language. Texan evaluation of he
much text the studeswvrote in the chatGrades = average grades of the students on a scale
between 2 to 6 (grade 6 is the highest. These were provided teatters).
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Figures

Figure 1 Samplescreen from the Human Legacy scenario, page 1

ATCS | —

| CLOBAL MU LIGACY Tade Jirt

Déneets

You will work
with a group
online to think
about a poem.
Read the

poem: Regn

) - The Global Human Legacy Flash code Is licensed under a Creative Commons Atirbution-ShareAlike 1.0
Unootted License. ®

jhed
1
Figure 2
1. GLOBAL HUMAN LEGACY TASK 2011
o o

My Peem ¥ fmfﬁw Ohgaminer,

Can you think of some ideas about this poem’s Mood and Meaning? /¢ . o

Type into BLUE BUBBLES, and connect with the %, PENCIL TOOL ! ,f

@ Your Pasted Poem:

® Paste Poem Text Here.

Type Here
Task id: task209 Next

=

123456789

Fig. 2 Samplescreen fronthemind-map task.

Note.The sample screen shown here is from the English version of the test. The translated

version (i.e., Norwegian) was kept the saweept the instructions were in Norwegian
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Figure 3Add description

ATTS

1. GLOBAL HUMAN LEGACY TASK 2014 NO

mﬂf Poom Codhetch

Log in to CoSketch. Your task is to create a drawing together with
your group which reflect the groups’ interpretation of the poem. Use
the chat tool in CoSketch to discuss the poem with the others in the

Group 62

B After login, choose ‘change nickname” in the chat tool and write
W your user name (e.g., atc001).

text |

Figure 4. Comp

File Edit View Higtory Bookmarks Tools Help

e FADS

cosketch.com/Rooms/rmvbiel

User6918

Figure 5.

arison between groug A, B and C.

% |  Cosketch

* Ot

Welcome to Cosketch!

016-04-04 =
:34] - You have joined the room -

I Send I Hide/shows chat

41
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ATCS =,
Qo ) ASSESSMENT & TEACHING OF 21ST CENTURY SKILLS

1. GLOBAL HUMAN LEGACY TASK 2011

i 7 e,
Sort questions others asked about this poem:

Most Useful
Is this sloth like someone in the

:ut%)r‘s life? 1

Do sloths live together in 2
. WS

What is a sloth? 3
1

4

Ha#the author ever seen a real
slo‘ﬁ%‘.’

, ]
How long does a sloth live?
i Least Useful

Information: VIDEO COLLECTION POEM TEXT TERMS AUTHORS  DICTIONARY

Back Task id: task166

BASICS

®
et

123456789

UC Berkeley ® All Rights Reserved, Powered by FADS

Figure 6

ATCS Lo
Qe W ASSESSMENT & TEACHING OF 21ST CENTURY SKILLS.

1. GLOBAL HUMAN LEGACY TASK 2011

Drag the cards into the correct category.

Questions are
sometimes asked
that never get

Supported by Poem

hu d
People sometimes
misunderstand if
you don't talk to
them.

Not Supported by Poem

Card 1

Information: YIDEO COLLECTION POEMTEXT IEEMS AUTHORS DICTIONARY GLOSSARY .

Back Task id: task168

et |

UC Berkzley ® Al Rights Reserved, Powered by FADS

42



THINK-ALOUD PROTOCOLS OF COLLABORATIVE PROBLEM SOLVING 43

Figure &aAn overview of theTimecategory of each student in group A.

Durafion

EST1 WST2 WST.3 WST4

The | abels AST_10, AST_20 and so on represen
diagram/bar represents the different Time categories as indicatedrighthe

Figure 7b
12

10

ST 1 ST 2 ST 3 ST 4
Group A

—+— SeeksToKnowWhosInChat —m— SeeksHelpFromOthers

-+~ TaskDiscussion —e Draws

—< SocialDiscussion —o- GiveSupportToOthers

— ClariyProcess
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Figure 7c The collaboration processes of the students in group A

Figure8a. An overview of th&imecategory of each student in group A

Figure 8b



