1COOPERATIVE LEARNING IN THE CLASSROOM:The Importance of a Collaborative Environment forComputer-Based EducationKori Inkpen, Kellogg Booth, Maria KlaweDepartment of Computer ScienceUniversity of British ColumbiaVancouver, British Columbia, V6T 1Z4Phone: (604)822-8990 E-mail: inkpen@cs.ubc.caRena UpitisFaculty of EducationQueen’s UniversityKingston, Ontario, K7L 3N6ABSTRACTCooperative behavior of students playing an educationalcomputer game was investigated. The combination ofgender and whether one or two computers were presentsignificantly affected the level of achievement as measuredby the number of puzzles completed in the game.Female/Female pairs playing on two computers, onaverage, completed less puzzles than any other pairs inany other condition. Differences were also observed forgender pairs sharing control of the mouse while playingon a single computer. Male/Male pairs had a highernumber and percentage of refusals to give up control ofthe mouse.KEYWORDSHuman-computer interaction, Computer-supportedcooperative work, Computer-supported cooperativelearning, Collaboration, Education, Gender, Games.INTRODUCTIONThis paper examines computer-supported cooperative work(CSCW) issues in an educational domain. Computer-supported cooperative learning (CSCL) is a new branch ofresearch combining research from CSCW and education.We are interested in how computers can be used ineducational settings and whether collaborative use ofcomputers is appropriate. Our study is designed as a firststep in a larger project investigating how electronic gametechnology can be used to stimulate interest in math andscience among pre-teenage students.Many stereotypes are reported in the research and popularliteratures concerning electronic games and education.Among these stereotypes are gender differences (girls playless than boys), social consequences (game players don’tdevelop social skills), and educational value (games aremindless entertainment).Our study examined a number of factors concerned withhow school-age children interact with electronic games ina classroom-like environment: isolated play vs. groupplay; a single shared computer vs. one computer perstudent; and gender and gender pairings (Figure 1). Asomewhat surprising result, perhaps contrary tostereotypes, was that girls appear to perform better whensharing a single computer or when working in isolationthan they do when they have a dedicated computer of theirown in a collaborative environment. This is true whetherthey share with other girls or with boys.After a discussion of how electronic games offer a uniquecollaborative environment for computer-based education,we summarize previous research on cooperativelearningand then describe our own study, the results weobtained, and the conclusions we have drawn thus far.ELECTRONIC GAMES AS TESTBEDS FORCOOPERATIVE LEARNINGResearch on computer-based learning is an important topicin the field of CSCW because of three factors. First, thereis a growing emphasis on cooperative learning in theschools. Second, computer learning environments canplay a key role in support of learning. Third, issues inCSCL typify many concerns in CSCW and hence study ofCSCL can benefit research in all areas of CSCW. In thissection we briefly discuss these topics further.

2Figure 1.Research Setting

A workshop in 1992 brought together researchers fromboth academia and industry with an interest in CSCL todiscuss directions for study [12]. Cooperative research ineducation falls within Bannon and Schmidt’s broaddescription of the CSCW field, being that �which coversanything to do with computer support for activities inwhich more than one person is involved� [1, p.4]. Thisview is supported by Koschmann et al., �Learning is, afterall, another form of work� [12, p.60].Bannon and Schmidt [1] discussed three requirements thatconstitute a core issue in the CSCW field: articulatingcooperative work; sharing an information space; andadapting the technology to the organization, and viceversa. The structuring and integration of multiple tasks isimportant for collaborative school projects usingcomputers. The sharing of an information space is ofparticular concern in education because children oftenprefer to work in small groups around one computer. Inaddition, having groups of students work at asingleworkstation is an efficient method of using thelimited amount of computer resources in many schools.Finally, integration of the technology into the classroom,the curriculum, and teacher’s lesson plans is a key elementof the major education reform taking place in NorthAmerica and needs significant research attention.Does collaboration fit into the present school system?Researchers have investigated the benefits of cooperativelearning; many teachers are utilizing cooperative learningmethods in their classrooms; and curriculum developmentis headed towards incorporating more group-basedinteraction.Many researchers, primarily psychologists, educationalresearchers, and teachers, have studied issues incooperative learning. The focus has been on how todesign tasks and compose groups to achieve the largestbenefit from cooperative learning. Simpson [18] suggeststhat computers can be used effectively for collaborativework if there is a constant search for new ways to usehardware and software. Apart from mere suggestions,issues related to the design of computers and theirinterfaces to facilitate collaborative learning have yet to beexplored in the context of the traditional classroom. Thusnow is the time to explore computer-based issues ineducation.The research described in this paper investigatescooperative interactions in an educational computer gameenvironment. Achievement in the game, verbalinteractions, sharing of the mouse, attitudes towardscooperative play and motivation were examined. Possiblegender differences for each of these areas were alsoexamined. This study is one part of a large-scale projecton Electronic Games for Education in Math and Science(E-GEMS). E-GEMS is a collaborative effort amongscientists, mathematicians, educators, professional gamedevelopers, classroom teachers and children. The goal isto increase the proportion of children who enjoy learningand exploring mathematical and scientific conceptsthrough the use of electronic games. Electronic games inthis context include both video and computer games; wewill use the term electronic game to mean either.Electronic games were employed in this study because ofthe cooperative play they promote. Children playingelectronic games are often highly motivated to improvetheir skills and solve problems throughout the game.Children frequently exhibit collaborative behavior whileplaying. Another motivation is discussed by Papert[17],who observed that electronic games can be a gatewayfor children to enter the world of computers. Computershave the capability of �empowering children to test outideas about working within prefixed rules and structures ina way few other toys are capable of doing� [17, p.4].Malone and Lepper [16] have created a taxonomy ofintrinsic motivations for learning that includes individualmotivations (challenge, curiosity, control and fantasy) andinterpersonal motivations (cooperation, competition, andrecognition). All of these factors are found in electronicgames. This view is supported by Long and Long.�Video games clearly possess powerful learningcomponents. Studies indicate that the games are based onthe same principles--challenge, fantasy, and curiosity--thatmotivate learning� [14, p.36].Electronic games may also promote group interactions andcooperation. Observations from a previous study by theE-GEMS team at an interactive science museum (ScienceWorld BC) showed many examples of positive group

3interactions [7,13]. In that study, groups of children oftenspontaneously collaborated on the computer games,discussing various suggestions and solutions.Cooperative play was also observed on the video gameplatforms. Children playing Mario World, althoughplaying individual characters, would work as a team tocreate a path to the final level. Children could be seenpassing the game controllers back and forth amongstthemselves, each child performing tasks in which she orhe excelled.PREVIOUS WORK ON COOPERATIVELEARNINGSince the 1970’s a great deal of research has beenperformed on various facets of cooperative learning. Thisresearch covers a wide range of cooperative issuesincluding cognitive and social outcomes, rewardstructures, group composition, lesson control, and genderdifferences [2, 4-6, 8-10, 15, 18-20, 22-26].Studies on the cognitive benefits of cooperative learninghave been performed in a large number of varied settings.The results of this research often show a positive increasein student achievement as a result of cooperative learning[4, 5, 10, 11, 21, 25], although some studies show nosignificant variations on achievement [2, 20]. Slavinsuggests that the discrepancy between these findingsresulted from �particular techniques, settings, measures,experimental designs, or other characteristics� [19, p.333].Although studies of the cognitive benefits of cooperativelearning vary in some respects, some conclusions maystill be drawn. In reviewing these studies Slavin [21]observesthat cooperative learning methods can increasestudent achievement under specific conditions, namelyhaving group goals as well as having each group membercontribute to the group score on an individual basis. Heconcludes that, in general, �for academic achievement,cooperative learning techniques are no worse thantraditional techniques and in most cases they aresignificantly better� [20].Social benefits of cooperative learning are more clearlydemonstrated in the research literature. Cooperativelearning has been shown to positively affect students’ self-esteem and attitudes towards school and classmates [8, 9,18, 19]. These outcomes are very important for thedevelopment of children and they alone are a goodargument for cooperative learning even if cognitiveimprovements are not observed. It has been suggestedthat an increase in students’ moods and attitudes will inturn increase motivation for academic achievement [9, 15,20].Curriculum development in many subject areas stronglyrecommends increasing the number of cooperative grouplearning situations. For example, the curriculum andassessment standards for school mathematics, prepared bythe National Council of Teachers of Mathematics [3],emphasizes the importance of group work for children ingrades five to eight.Working in small groups provides students withopportunities to talk about ideas and listen to theirpeers, enables teachers to interact more closelywith students, takes positive advantage of socialcharacteristics of the middle school student, andprovides opportunities for students to exchangeideas and hence develops their ability tocommunicate and reason [3, p.87].In addition, there is also a movement from instructionalteaching to project-based learning where �students areactive problem-solvers and theorists� [12 p.57].The purpose of our study was to examine childrens’achievement, behavior and attitudes towards cooperativeplay in an educational computer game. We used acommercial game, The Incredible Machine, running on apersonal computer, similar to those found in schools.The study resembled previous research in that the genderpairings of Male/Male, Female/Female and Female/Malewere used both in a cooperative setting and with studentsplaying alone. An added variation included a furtherdivision of the parallel setting into two distinctconditions, playing together on one computer and playingin parallelon two computers.METHODSubjectsSubjects for this research project consisted of 52 boys and52 girls from grades four to six in a public school locatedin an upper-middle-class neighborhood. None of thesubjects had played the computer game The IncredibleMachine before. Students were arbitrarily placed into oneof three experimental conditions and, for two of theconditions, randomly assigned a partner corresponding to aparticular sex-dyad.SettingThe experiments took place at a school in Vancouver,British Columbia, Canada, during a two-week period inJanuary, 1994. A room was provided by the school andequipped by the researchers with either one or two IBM-compatible computers each equipped with a mouse,depending on the experimental condition. The experimentconsisted of two phases. In the first phase a single childor pair of children were asked to play The IncredibleMachine. At the beginning of the first phase, the chairsto be used by children in the study were located away fromthe computer table to ensure that the final placement ofchairs within the setting was at the discretion of thechildren. The room contained a camcorder and a VCRequipped with a VGA to Video converter box to record thechildren’s interactions. The camcorder captured the

4children’s physical and verbal movements while the VCRwas used to record the screen output to create an archivedcopy of the children’s achievement within the game.The second phase of the research took place in a separatesection of the room. There children were given a snack,participated in discussion, and filled out a questionnaire.SoftwareThe game chosen for the experiment was The IncredibleMachine created by Sierra. It runs on an IBM-compatiblecomputer. The Incredible Machine is a puzzle-solvinggame featuring a wide variety of simulated tools used toconstruct machines to solve particular challenges. Typicalchallenges include building a machine to shoot abasketball into a hoop and trapping Mort the Mouse inhis cage. The tools within the game consist of those usedin everyday life (such as gears, pulleys, ropes, ramps andlevers) along with a host of characters and entertainingobjects (such as cats, mice, balloons, various types ofballs, scissors, and trampolines).Figure 2.The Incredible Machine Playing Screen

In order to start solving puzzles in The IncredibleMachine, a puzzle is selected through the control paneland the puzzle screen appears. This screen contains threemain areas, the playing area, a parts bin, and a startmachine icon. Figure 2 shows these three areas for thefirst puzzle. In order to solve the puzzles, pieces must beselected from the parts bin and placed onto the playingarea. Some pieces such as ropes or elastics must beattached to fixed objects (i.e. conveyor belts, motors,balloons). To run the machine, the start machine iconisclicked on with the mouse. To stop the machine, themouse is pressed anywhere on the puzzle screen. Thisprocess of placing pieces and starting the machine can berepeated until the correct solution is found. When themachine performs the appropriate action, a window willappear on the screen stating that the puzzle was solved.The completed machine for the first puzzle is shown inFigure 3. It is important to note that for many of thepuzzles, there exist more than one correct solution.Figure 3.Solution to Puzzle Number 1

ProcedureThe total length of each session within the study wasforty minutes. In each session the children were asked toplay The Incredible Machine using the computers thatwere supplied. On entry to the room, the children werewelcomed and given a brief introduction to the project andthe environment. Next, the children were requested to tryto complete at least three puzzles within the game and toldthat they were allowed to play for as long as they desiredup to a maximum of thirty minutes. The children weregiven no directions on how to play to game. They wereasked to try to work out any problems amongstthemselves. The game manual was placed on the tablebeside the computer and the children were told that itcontained information about the game and that they couldlook at it if they wished. They were also told that whenthey finished playing, they could come into the othersection of the room for a snack. The snack consisted ofhealthy foods (raisins, cheese and crackers, granola bars,etc.) and a drink of either milk or juice. Once in the snackroom, the children completed a questionnaire and engagedin casual discussion until their forty minutes of researchtime was completed. Following this, the children returnedto their classes.Independent VariablesThe independent variables in this experiment werecooperative conditions and gender groupings of thechildren. The cooperative conditions included threephysical set-ups using either one or two computers andvarying in the amount of interaction implicitly encouragedbetween the students. The first condition, Solo Play,

5consisted of one student playing the game on her or hisown. The second condition, Parallel Play, consisted ofthe use of two computers by a pair of children. Here thechildren had the choice of using one or both computers asthey desired. The third scenario, Integrated Play,consisted of two children playing the game using only onecomputer and one mouse.Within the Solo Play condition, equal numbers of girlsand boys (eight girls and eight boys) were studied. Fortheremaining two conditions, both involving group play,the children were placed into one of three gender pairings:(a) Male/Male, (b) Female/Female, and (c) Female/Male.There were eight Male/Male dyads, eight Female/Femaledyads and six Female/Male dyads for a total of forty-fourcooperative dyads in addition to the sixteen soloparticipants.Dependent VariablesThe dependent measures for this study were grouped intofour classes: achievement in the game, sharing of themouse during Integrated Play, motivation to play, andattitude towards cooperative play on electronic games.Achievement in the game was measured by determiningthe total number of puzzles completed by each student.Sharing of the mouse was measured by counting thenumber of requests for the mouse, actual exchanges of themouse, and the number of refusals to hand over themouse. The nature of the requests and exchanges was alsorecorded. These included verbal interaction, physicalmovement without touching the mouse or the otherperson (such as reaching), and physical touching of themouse or the other person.Motivation was measured by the length of time eachgroup played the computer game. In addition, the childrenwere asked whether or not they would have liked tocontinue playing or participate at another time, outside ofschool. Children’s attitudes towards cooperative play weremeasured in the questionnaire. Qualitative observationswere also gathered concerning the cooperative play of thechildren and group dynamics, including issues such aswhether one child in the dyad dominated the game.AnalysesThis study employed both group-based and individualmeasurements. The factors of achievement and mouse-sharing were analyzed as group-based while themotivational and attitude measurements were analyzedindividually. For the achievement factor a 3x2x2randomized factorial design was used, with three levels ofgroupings (solo, homogeneous gender pair, heterogeneousgender pair), two levels of gender (female, male) and twolevels of equipment (one computer, two computers). Thedependent measure was the total number of puzzlescompleted by each student. For the Integrated Playconditions, each student was assigned a value according tothe number of puzzles the pair completed. In the ParallelPlay condition, each child was assigned a value accordingto the number of puzzles she or he completed. The valuesfor any pair in the Parallel Play condition that chose toplay on one computer were calculated as if they had beenIntegrated Play scores.Mouse sharing was studied using a randomized designwith three levels of gender pairings (Male/Male,Female/Female, Female/Male). The number of mouseexchanges, requests and refusals to exchange the mousewere used as the dependent measures.RESULTSAchievementThe numbers of puzzles completed during eachexperimental condition are reported in Table 1a and thestatistical analysis in Table 1b. Considering any one ofTable 1a.Mean Number of Puzzles CompletedIntegratedIntegratedParallelParallelSoloHomogeneousHomogeneousHomogeneousHeterogeneousPairingPairingPairingPairingMean1.752.402.142.501.80MaleSD2.052.002.231.551.94n8207125Mean1.882.202.140.421.00FemaleSD1.541.832.230.762.00n8207125

6Table 1b.3x2x2 ANOVA table results for number of puzzles completedSourceSSdfMSFpTotal387.3846103------------ Grouping0.629420.31470.0836n.s. Equipment11.7308111.70383.1155<.1 Gender9.846219.84622.6150n.s. Grouping x Equipment2.114321.05710.2808n.s. Grouping x Gender4.023622.01180.5343n.s. Gender x Equipment15.0177115.01773.9885<.05 Grouping x Equipment x Gender-2.38334-1.1917-0.3165n.s. Error346.4060923.7653--------Note: n.s. means no statistical significance foundthe three independent factors, grouping (individual,homogeneous gender pairing, and heterogeneous genderpairing), gender, and equipment (one computer, twocomputers), none showed a strong effect on theachievement results, although the equipment factor didshow a small effect, F(1,103) = 3.12, p<0.1. Theinteraction between gender and equipment showed asignificant difference, F(1,103) = 3.99, p<.05.The follow-up analysis in Table 2 indicates that femalesplaying on two computers in the Parallel Play conditionsolved significantly less puzzles than females playing onone computer in the Integrated Play condition, 0.59 and2.19, respectively (t(49)=1.60, p<.05). No significantdifference was found between the achievement of femalesplaying in the Solo Play condition and those playing inthe Integrated Play condition.Males in the Parallel Play condition significantlyoutperformed the females in that condition, with means of2.29 and 0.59, respectively (t(31)=2.29, p<.001), asshown in Table 3. No significant differences were foundfor males under the various experimental conditions.Table 2.Achievement of Females by ConditionSoloIntegratedParallelPuzzles Completed155910n82717Mean1.882.190.59*SD1.641.981.33*p <.05No significant difference was detected for either females ormales in the mean achievement score for homogeneousgender pairs versus heterogeneous gender pairs on eitherthe Integrated Play or Parallel Play conditions. Nosignificant difference was found between achievementscores for students in the Solo Play condition and those inthe Integrated Play condition, for either gender.Table 3.Achievement for Parallel Play by GenderFemaleMalePuzzles Completed1039n1717Mean0.59*2.29SD1.331.76*p <.05Mouse SharingGender differences with respect to sharing of the mousewere observed between all three gender pairings duringIntegrated Play. These results are reported in Table 4.Male/Male pairs tended to have more exchanges of themouse as well as more refusals to give up the mouse thanany of the other combinations. The high standarddeviation for the Male/Male pairs in Requests andRefusals was because three of the pairs had 16 or fewerrequests and no refusals compared to three pairs havingbetween 25 and 57 requests and 15 to 37 refusals.The results from the Female/Male pairs were divided.Three of the six pairs had a small number of exchanges,requests and refusals while the other three pairs hadrelatively large counts.Figure 4 shows the distribution of requests for each genderpair. Verbal includes all requests that used verbal cuesalone or verbal cues in conjunction with another form ofrequest. Non-contact requests include reaching for themouse or bringing the hand close to the mouse but notactually touching the mouse or the other child. Touchincludes all types of requests that involve physicaltouching of the mouse or the partner. Pull requestsconsist of occurrences where one partner tries to actuallypull the mouse away from the other partner.

7Table 4.Mouse Sharing for Integrated PairsExchangesRequestsRefusalsMean18.0015.634.88Female/FemaleSD6.007.954.40n888Mean21.3827.3811.63Male/MaleSD5.2415.8212.82n888Mean21.0023.836.00Female/MaleSD15.9722.108.82n666Figure 4.Distribution of Mouse Requests

Proportion of Requests00.10.20.30.40.50.60.70.8VerbalNon-ContactTouchPullFemale /FemaleMale /MaleFemale /MaleBoth genders used touch as the dominant form forrequesting control of the mouse, but Male/Male pairs hada higher percentage of Verbal requests as well as moreoccurrences of pulling the mouse away from their partner.Conversely, Female/Male pairs had the highest percentageof Non-contact requests and the lowest percentage ofTouch requests.Motivation & Attitude Towards CooperativePlayThe childrens’ motivation to play The Incredible Machinewas high, independent of gender or experimentalcondition. 99 of the 104 children played for the full thirtyminutes while 101 stated that they would have liked tocontinue playing. Only two of the children who finishedearly stated that they did not wish to continue playingwhile the other three said that they would. One child whoplayed the full thirty minutes was undecided as to whetheror not she would like to continue playing. All fivechildren who either left early or stated that they did notwish to continue were females.Questions concerning attitudes towards cooperative playon electronic games were asked in the questionnaire. Fromthis we concluded that between 48.7% and 64.8% of thechildren in our study prefer to play electronic games withfriends while between 4.1% and 13.2% of the childrenprefer playing alone. Between 49.7% and 65.7% of thechildren prefer to play electronic games with a member ofthe same sex. All of these conclusions were made with90% confidence. No significant differences were foundbetween the responses of females and males.DISCUSSIONThe poor performance of Female/Female dyads playingunder the parallel Play condition is particularlyinteresting, especially considering the near-termpossibility of having one computer per child in schools.Females in the Parallel Play condition seemed to vocalizetheir ideas less than during Integrated Play. On someoccasions, these girls would express phrases like �don’tcopy mine� or �don’t look�. On other occasions theywould remain very quiet, not requesting or offering anyhelp at all.Although no statistically significant difference was foundfor females across the other two conditions, possibly dueto the small sample size, the trends we did find should notbe ignored. Females in the Integrated Play condition(mean=2.19) outperformed females in the Solo condition(mean=1.88). This could be attributed to the increasedcommunication and vocalization of ideas in the IntegratedPlay condition.A difference was also noted between the means of femalesin the Solo Play condition (mean=1.88) and the ParallelPlay condition (mean=0.59). This is a more difficultdiscrepancy to account for. One observation that mayhelpto answer this problem is that females in the Solo Playcondition remained more focussed on the task. Incontrast, females in the Parallel Play condition tended toget off-task more easily, jumping around from puzzle topuzzle or playing in the freeform mode. This is illustratedby the comment that one girl made to her partner: �Getthe elastic band and you can draw�. This led to a five toten minute discussion of drawing. Why this tendency toget off-task did not occur in the Integrated Play conditionis an issue that needs to be investigated further. Oneexplanation is that when working on one computer, thegirls viewed the goal as a group goal and peer norms cameinto affect. When playing on two computers, the goalswere perceived as primarily individual goals.

8Figure 5.Child’s loss of interest when not in control of the mouse

Males also showed trends in performance, although nostatistically significant differences were found. Boys inthis study performed best in the pair-oriented conditions,Parallel Play (mean=2.29) and Integrated Play(mean=2.33), while performance was lower for the SoloPlay condition (mean=1.75). The lack of differencebetween the Parallel Play and Integrated Play conditions,unlike what was seen in the females, could be due to themore competitive behavior observed in the boys. Boyscould be heard making comments such as �yeah, we did it!That was the level John couldn’t get by�, or asking whohad solved the most puzzles. This competitive behaviorwas also exhibited during Integrated Play, causing sharingof the mouse to be a struggle at times. The lowerachievement in the Solo Play condition could be due tolack of opportunity to cooperate, share or express ideas.Dominant children playing in the Integrated Playcondition sometimes lost interest when they did notpossess control of the mouse. Although they focussed onthe screen during their turns, when their partner hadcontrol of the mouse they would look around, drawpictures, fidget or slump back in their chairs (Figure 5).This behavior was observed in both genders. The smallsample size did not provide enough evidence to investigatethis idea, but this is an important area for future study.CONCLUSIONSThis study provides a basis for several directions of futureresearch. Although much has been done in the area ofcomputer-supported cooperative learning, furtherexamination of the effect of technology is needed.Current research emphasizes the effects of the teacherthrough the structuring of cooperative tasks and groupcompositions, using existing technology. It is importantFigure 6Two girls struggling over the mouse to investigate whether some of the benefits of cooperativelearning may be enhanced by changes in the computerhardware, the software, or the choice of user interfaces.Especially intriguing is the opportunity to adapt CSCWinspired multi-person interfaces to educational software.Students in this study preferred to work with friends, butin an environment with limited resources, sharing theinput device was problematic at times, especially withboys or dominant children. Figure 6 shows two girlsstruggling for control over the mouse. This suggests theneed for further research in multi-input systems and othershared-screen issues. A system that allows children towork together as well as maintaining the ability forindividual exploration may be an important advance incooperative learning with computers.The results of this study suggest that grouping childrenaround one computer does not negatively affectperformance and in the case of Female/Female groupings,it can have a positive effect. This, combined with theextensively researched social benefits of cooperativelearning, suggests a need to continue research anddevelopment in this direction.ACKNOWLEDGMENTSThis research was supported with funding and resourcesfrom The Province of British Columbia, and NaturalSciences and Engineering Research Council of Canada(NSERC). We thank the principal, teachers and studentsof Kerrisdale School for their contributions.REFERENCES1.Bannon, Liam J. and Schmidt, Kjeld. CSCW: FourCharacters in Search of a Context. In Studies inComputer Supported Cooperative Work, ed. J.M.

9Bowers and S.D. Benford. Elsevier SciencePublishers, 1991.2.Carrier, Carol A. and Sales, Gregory C. Pair VersusIndividual Work on the Acquisition of Concepts in aComputer-Based Instructional Lesson. Journal ofComputer-Based Instruction, 14(1), pages 11-17,1987.3.Curriculum and Evaluation Standards for SchoolMathematics. National Council of Teachers ofMathematics. 1989.4.Dalton, David W. The Effects of CooperativeLearning Strategies on Achievement and AttitudesDuring Interactive Video. Journal of Computer-BasedInstruction, 17(1), pages 8-16, 1990.5.Dalton, David W., Hannafin, Michael J. Hooper,Simon. Effects of Individual and CooperativeComputer-Assisted Instruction on StudentPerformance and Attitudes. Educational TechnologyResearch and Development, 37(2), pages 15-24,1989.6.Hooper, Simon and Hannafin, Michael J. The Effectsof Group Composition on Achievement, Interaction,and Learning Efficiency During Computer-BasedCooperative Instruction. Educational TechnologyResearch and Development, 39(3), pages 27-40,1991.7.Inkpen, K., Upitis, R., Klawe, M., Lawry, J.,Anderson, A., Ndunda, M., Sedighian, K., Leroux,S., Hsu, D. �We Have Never-Forgetful Flowers inour Garden:� Girls’ Responses to Electronic Games.Technical Report 93-47. Department of ComputerScience, University of British Columbia, Vancouver,BC, V6T 1Z4.8.Johnson, David W. and Ahlgren, Andrew.Relationship Between Student Attitudes aboutCooperation and Competition and Attitudes TowardSchooling. Journal of Educational Psychology,68(1), pages 92-102, 1976.9.Johnson, David W. and Johnson, Roger T.Computer-Assisted Cooperative Learning.Educational Technology, 26, pages 12-18, 1986.10.Johnson, Roger T., Johnson David W. and Mary BethStanne. Effects of Cooperative, Competitive, andIndividualistic Goal Structures on Computer-AssistedInstruction. Journal of Educational Psychology,77(6), pages 668-677, 1985.11.Johnson, Roger T., Johnson, David W. and MaryBeth Stanne. Comparison of Computer-AssistedCooperative, Competitive, and IndividualisticLearning. American Educational Research Journal,23, pages 382-392, 1986.12.Koschmann, T., Newman, D., Woodruff, E., Pea, R.,and Rowley, P. Technology and Pedagogy forCollaborative Problem Solving as a Context forLearning: Report on a CSCW ’92 Workshop. ACMSIGCHI Bulletin, 25(4), pages 57-60, 1993.13.Lawry, J., Upitis, R., Klawe, M., Anderson, A.,Inkpen, K., Ndunda, M., Hsu, D., Leroux, S.,Sedighian, K. Exploring Common ConceptionsAbout Boys and Electronic Games. Technical Report94-1. Department of Computer Science, Universityof British Columbia, Vancouver, BC, V6T 1Z4.14.Long, Sandra, M. and Long, Winston, H. RethinkingVideo Games: A New Challenge. The Futurist,18(6), pages 35-37, 1984.15.Male, Mary. Cooperative Learning for EffectiveMainstreaming. The Computing Teacher, 14(1),pages 35-37, 1986.16.Malone, Thomas W. and Lepper, Mark R. MakingLearning Fun: A Taxonomy of Intrinsic Motivationsfor Learning. In Aptitude, Learning and Instruction,Ed. R.E. Snow and M.J. Farr. Volume 3: Conativeand Affective Process Analysis. Erlbaum, pages 223-253, 1987.17.Papert, Seymour. The Children’s Machine:Rethinking School in the Age of the Computer.Basic Books, 1992.18.Simpson, Janet. Computers and Collaborative WorkAmong Students. Educational Technology, 26(10),pages 37-44, 1986.19.Slavin, Robert E. Cooperative Learning. Review ofEducational Research, 50(2), pages 315-342, 1980.20.Slavin, Robert E. Students Motivating Students toExcel: Cooperative Incentives, Cooperative tasks,and Student Achievement. The Elementary SchoolJournal, 85(1), pages 53-64, 1984.21.Slavin, Robert E. Cooperative Learning: Theory,Research, and Practice. Prentice Hall, 1990.22.Slavin, Robert E. and Tanner, Allen M. Effects ofCooperative Reward Structures and IndividualAccountability on Productivity and Learning. The

10Journal of Educational Research, 72, pages 294-298,1979.23.Underwood, Geoffrey Underwood and McCaffrey,Michelle. Gender Differences in a CooperativeComputer-Based Language Task. EducationalResearch, 32(1), pages 44-49, 1990.24.Webb, Noreen M. Group Composition, GroupInteraction, and Achievement in Cooperative SmallGroups. Journal of Educational Psychology, 74(4),pages 475-484, 1982.25.Webb, Noreen M. Student Interaction and Learningin Small Groups. Review of Educational Research,52(3), pages 421-445,1982.26.Yueh, Jei-show and Alessi, Stephen M. The Effectsof Reward Structure and Group Ability Compositionon Cooperative Computer-Assisted Instruction.Journal of Computer-Based Instruction, 15(1), pages18-22, 1988.