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Abstract: In this paper we describe computer-supported tstré@ cooperative
learning, applied to the laboratories of an intdry CS1 course. We extended I-
MINDS, a multiagent system that supports studesthier and student-student real-
time interactions, to support a cooperative leagmaradigm called Jigsaw. Jigsaw
considers of several phases of activities, inclgidiividing students into different
groups for focused exploration, reporting and rpstta and integration and evalua-
tion. I-MINDS supports the formation of teams andnitors the interaction. We
have deployed I-MINDS in the hands-on programmatgptatories in CS1, compar-
ing student performance in the lab using only Jdigéahere students_carried out the
Jigsaw process with face-to-face interactions) ianthe lab using I-MINDS sup-
ported Jigsaw (where students could«nteract dmigugh I-MINDS). We report the
results of our study on the design of I-MINDS tpgort Jigsaw and the impact of |-
MINDS in student performance.

Introduction

Most computer-supported collaborative learning (C56ystems (e.g., [2-4], [9], [11])
have in general three key weaknesses. First, dHaboration among students are not
monitored, measured and analyzed automaticallyal Wiformation on an individual stu-
dent’s collaborative performance and behavior &.loFurther, even when the students’
collaborative/activities are tracked, real-time lgs@s are not available automatically to
support students or.teachers. Second, the co#iboris free-formed and thus not struc-
tured. Often times, teachers design various c@bperlearning activities using different
models to structure how students should collabosat to target different collaborative
strategies to measure« Third, the collaborationranstudents is naictivelysupported: the
CSCL system does not alert the instructor abotudesit of his or her lack of participation,
does not encourage a student to increase his qahngcipation, and so on.

In our research, our long-term goal is to suppbticturedcooperative learning using an
intelligent multiagent system where students astiuictors may or may not have face-to-
face interactionsCooperative learnings basically an instructional strategy where shisle
form small groups or teams and work together to imepe their own and each other’s
learning [6]. The system will track vital data student activities to help the instructor
monitor and evaluate student progress and perfarenarore accurately and more conven-
iently. In structured cooperative learningtudents are guided within a set of prescribed
activities so that each activity has a set goalrmedsurable outcomes. Agentis a soft-
ware module that observes and receives input stinauh its environment, makes autono-
mous decisions based on these stimuli, and actaatems to carry out these decisions,
which, in turn, changes the environment anchdtiagent systens one in which agents
work competitively or cooperatively to accomplistsk [12]. The advancement of multi-



agent systems presents a major opportunity to dpvah infrastructure in which agents
communicate, exchange experiences, and cooperatetter serve the instructors and stu-
dents.

In the following, we first describe our I-MINDS padype, which is a CSCL system
powered by multiagent intelligence [7]. Then wecdiss a structured cooperative learning
paradigm called Jigsaw [5]. Subsequently, we prtetbe extension to I-MINDS to support
Jigsaw and our study setup. In Section 4, we dsend analyze the results of our initial
deployment of I-MINDS-supported Jigsaw in our imlwgctory CS1 course, specifically in
our hands-on programming labs. Finally, we conelud

1. I-MINDS

I-MINDS (Intelligent Multiagent Infrastructure fdDistributed Systems in Education) em-
ploys a system of intelligent software agents, esenting individual students and the in-
structor (or teaching resource in the case of gna@dmsonous.course or lesson). The ration-
ale behind using multiagent intelligence is therigepersistence in tracking and monitor-
ing its environment (student and instructor agegit, autonomy in decision making, and
responsiveness in providing services to both stisd@md instructors. . These are properties
that are useful for distance learning and largesczoms:

Briefly, in I-MINDS, each student has a persongtrt (a student agent), and each in-
structor as a personal agent (a teacher agentthese agents. interact with their respective
users as well as among themselves. These agesfiarge information, coordinate their
actions, and track inter-agent activities behirelgbene. Currently, a teacher agent, for ex-
ample, automatically ranks student questions ami$ seem for the instructor. A student
agent automatically monitors a student’s peer giang continuously refine the peer group
(by removing and adding new peers) based on tresturofiles that the student agent
obtain from other agents. Details of the prototgpe available from [7-8].

At the current stage,.our I-MINDS technology is oratl. It has multimedia capabil-
ity—real-time audio and video streaming such thahestudent/instructor is able to trans-
mit audio and video through the I-MINDS server. eTHMINDS agents are equipped with
(1) tracking capabilities—recording the messagesmoonicated between student agents
(or students); the length of each message, the dtarap of each message, each question
asked by a student te-an instructor or anotheresitind so on, (2) machine learning ca-
pabilities—adjusting weights based on student asttuntor actions that feed back to the
decision making modules (e.g., how to rate a qomestvhen to make an alert, and so on),
and (3) collaborative environments such as chatspdoken-based digital whiteboards and
automated digital archival of notes and lecturds. addition, I-MINDS can be easily
downloaded and installed via the Web. When a tec$tarts, the teacher opens a session.
Students logging in through the Web then join #&sgn accordingly.

2. Jigsaw
2.1 Jigsaw Cooperative Learning Model

The Jigsaw cooperative learning model was firgbohiced by [1]. This procedure works
as follows. First, assign the students into groupscond, the instructor divides a problem
into different parts (or sections). Third, thetrastor assigns a part/section for every stu-
dent such that members of the same group will lolifferent sections to solve. The stu-
dents who are responsible for the same sectionwhehk together to come up with solu-



tions to the section to which they have been assigind develop a strategy for teaching
the solutions to their respective group membetarke€ [5] further refined the Jigsaw struc-
ture into stages. These stages arelrfttpduction of the topic to the class as a whole, (2)
Focused Exploration: The focus groups explore issues pertinent tosteion that they
have been assigned, (Beporting and Reshaping: The students return to their original
groups and instruct their teammates based onfihdings from the focus groups, and (4)
Integration and Evaluation: The team connects the various pieces generatetebiyndi-
vidual members, address new problems posed byniteuctor, or evaluates the group
product.

2.2 I-MINDS Supported Jigsaw Cooperative Learningpi#

Following the four stages of the Jigsaw structlk jve have added to the current I-
MINDS prototype capabilities that specifically swppthe last.three stagelSocused Ex-
ploration, Reporting and Reshapingnd Integration and _.Evaluatian The current I-
MINDS prototype fully supports the Introduction gégawith multimedia capabilities. At
present I-MINDS assigns an intelligent agent torgwudent who is in the.classroom and
assigns a teacher agent to the instructor. Thesetsafelp the instructor monitor the stu-
dent activities and performance. During the intrcidin phase the teacher agent monitors
the performances of all the students in the classrby classifying and ranking their ques-
tions. After the introduction phase the instruaieclares the next task and initiates the
group formation process. When signaled by the #aabent, the student agents prompt
their assigned students to fill out tBelf Efficacy Questionnair@.he Self Efficacy Ques-
tionnaireis a survey that measures how competent the sttitiaks he or she is to do the
assigned task. After the students have posted $ledi Efficacy Questionnairthe teacher
agent chooses thebest students from the classroom. Thestudents become the first
members of then buddy groups. Hera'is determined by the number of subtasks the as-
signed task contains. Then the teacher agenatgstian auction where the remaining stu-
dent agents bid to join theirfavorite group. Otite main groups are formed, the teacher
agent chooses one student from.each group randandyforms the focus groups. The
number of focus groups'is equal to the number btasks the assigned task consists of.
For details on the questionnaires, please refgiGp

Focused Exploration=». To support this stage, we have developed fgcasp agents
(FGASs) that, given a particular subtask assignethbyinstructor, monitors and support the
focus groups. During the focused exploration stége goal of the cooperative learning is
to encourage the students to explore a particolaic in a focused manner. Thus, active
interactions among the students, an increasingsfatitheir discussions, and a tangible
conclusion are expected of such as an activitychB&GA have the following capabilities
to support its focus group: (1) tracking the mgesaexchanged between the focus groups
(2) allowing the focus group to ask questions ® itistructor, and (3) monitoring the ac-
tivities of the exploration and reporting to thetmuctor of its observation of the progress of
the exploration. As part of our continuous enhareat of I-MINDS, we plan to have
FGAs that model each student’s interaction withdmisier focus groups to identify, for ex-
ample, over-dominating members, sporadic discussidiscussions that are not fruitful,
and to prompt discussions by automatically injectuestions or hints.

Reporting and Reshaping After exploration, the students return to theifiginal
groups and instruct their teammates based on findings from the focus groups. Here,
we have built buddy group agents (BGAS) to supfiwetreporting and reshaping process.
During this stage, the reporting involves sequermdeguestions and answers (Q&A), with
the questions from the teammates and the answev&pd by the topic/section expert,



which leads to refinement of the topics/sectioBach “buddy” in the group has a chance to
be the expert on a particular topic/section anantetp his/her teammates. Thus, each BGA
have very similar capabilities as those focus gragents. Further, since for each assign-
ment or task, there are multiple sections/topicsl (he same number of members per
group), there are multiple reporting and reshagegsions. Each BGA compares the ac-
tivities of each student as an expert and as anedenin the buddy group and monitor the
student’s interaction with his/her buddy group mensb At the end of the reporting and

reshaping, each team or buddy group prepares t&emwtcument of solutions to the as-

signed task.

Integration and Evaluation At this stage, the team or the buddy group comsnect
the various pieces generated by the individual membOnce the teams have completed
the solution to the problem, the student agent pterthe students to fill out Beam-based
Efficacy Questionnairéo evaluate the performance of their team amtkear Rating Ques-
tionnaire to evaluate the performance of their buddy growgmivers. This information is
stored in the database and is used by the student i future group formation processes.

After the prepared solutions are submitted, ts&rirctor evaluates the integrated results.
In future we will expand the teacher agent (TAjhe I-MINDS prototype with the follow-
ing capabilities: (1) collecting and comparing thelutions to the results of the focus
groups—for example, solutions that are too simitathie results of the focus groups indi-
cate that the team has not performed a good jobsimaping the solution, (2) allowing the
instructor to grade and score digitally the solsig(3) allowing the instructor to administer
online quizzes and scoring the quizzes, and (4yigity both a Student-centric database
and a team-centric database how each unit (stwddaam) performs during the last three
stages of the Jigsaw process. Note that for n@have simplified the role of the agents at
this stage and rely on the instructor to be thienalie evaluator of each group and student.
The agents’ role here is to provide data and in&iom for the instructor.

3. Implementation

We have extended the original I-MINDS prototypestpport structured cooperative learn-
ing, specificallyJigsaw. "At this stage of our depment, I-MINDS+Jigsaw has the fol-
lowing features. The teacher agent has featurespiecifying a task and its sub-tasks, an-
nouncing the task to.all student agents, formingdyunain groups and focus groups using
a multiagent bidding policy, initiating and endidgferent phases of Jigsaw, and reporting
on the activities of each phase. The student agenfeatures for responding to the three
guestionnaires outlined‘in Section 2 (for detaflthese questionnaires, please refer to (Soh
2004)), and interacting with different groups oépe There are also rudimentary versions
of the proposed buddy group agents (BGAs) and fgrasp agents (FGAs). Currently,
our focus group agents are able to track the numberessages sent among students in a
focus group and score each student based on thdormance in a group. All question-
naires, activities, and messages are logged anedsio a mySQL database. We have also
implemented a Web-based query interface to conmgpiaccess the database for real-time
monitoring and off-line analysis. Ultimately, warato incorporate this interface directly
into the teacher agent interface as one singlegugck

We have installed I-MINDS on a server, where &aINDS manager (that takes care of
dents login on their computers and download angline student agent on their respec-
tive sites. They invoke the student agent exedeit@hd log in by supplying the IP address
of the server and their username and password.e @werybody is logged in, then the I-
MINDS-supported cooperative learning session cagirbe



4. Results

Our initial study was designed to (1) compare I-MBtsupported Jigsaw with simply Jig-
saw in terms of student performance, and (2) etallhaw I-MINDS+Jigsaw supports
structured cooperative learning. The course chéiseour study was CSCE 155 Introduc-
tion to Computer Science, which is the required €&% course for computer science stu-
dents. This course has 3 hours of lectures andugshaf lab each week. We deployed our
study in the lab. For our CSCE155 course, thene w@ee lab sections, each with about
15 students.

4.1 Experiment Setup

In our study, we utilized two sections. Sectiore as the “control’ section where Jigsaw
was used and students were allowed to move aroutitkilab te have face-to-face discus-
sions during the Jigsaw phases. Section two is “thEatment’<section where I-
MINDS+Jigsaw was used and students could only actethrough I-MINDS. Students
were monitored by the lab instructor, as well as tf the co-authors of this paper, to for-
bid them from interacting directly (face-to-face)ruhg the lab. For each'lab, the students
were given a lab handout with a list of activitiedws, a lab is a task and its activities are
the subtasks. For each activity, the students weggired to answer some questions. At
the end of the lab, each student was requiredki® #&a10-minute post-test individually.
This 10-minute post-test score is our measure wfestt performance in terms of under-
standing the topic of the lab.

We ran the above study for three lab sessionsd¢bugging and testing, (2) Unified
Modeling Language (UML), and (3) recursion. Quastaire results and post-test scores
of each lab were used to assign the buddy mainpgrand focus groups in the subsequent
lab. In the “Control” section, we did this througfanual computation and assignment. In
the “Treatment” section,.the instructor agent MINDS+Jigsaw automatically carried out
this task. Students were assigned to groups $iatledch group has a balanced mixture of
high- and low-performing students.

4.2 Analysis

Table 1 shows the post-test scores of the thresosssfor the “Control” (i.e., Jigsaw with-
out I-MINDS) and “Treatment” (i.e., Jigsaw with H{MDS) sections. The results indicate
that students using I-MINDS for the Jigsaw actastwere able to obtain comparable and
even better post-test scores. Students in thetfiesd section performed better than the
students in the Control section in the later twesgmns. Further, students in the Treatment
section also achieved better standard deviation—imgaat these students’ post-test
scores were more tightly clustered than thoseefabntrol section. This is very encourag-
ing: without face-to-face interactions, studentsied out their I-MINDS-supported Jigsaw
tasks and performed relatively well in individualsp-tests. However, we will need more
data and more in-depth analysis to validate theifssgnce of this finding.

Post-Test Scores (max. 10) Session 1 Session 2 Session 3
Average | Std. Dev.| Average Std. Dev) Average Std. De

Jigsaw without I-MINDS 7.06 1.83 5.00 2.41 8.83 2.8

Jigsaw with I-MINDS 6.10 1.79 7.63 1.72 9.00 1.50

Table 1. Student performance for the Control (Jigsaw witHeiNDS) and Treatment (Jigsaw with |-
MINDS) sections.




Table 2 compares the Control section and the Trstrsection in terms of self-efficacy,

peer rating, and team-based efficacy.

» Theself-efficacyquestionnaire was conducted at the beginning di &b session. It is
a self-report of how a student feels about hisasrdbility about understanding topic and
carrying out the activities of the lab. In gengstidents in the Treatment section had a
slightly lower self-efficacy. This is interestiras these were the same students who
scored better than the students from the Contaticsein Sessions 2 and 3.

» Thepeer ratingaverage is the average peer rating scores thatstadent gave to his or
her group members. As evidenced in the scoredests in the Control section rated
their peers better than the students in the Traatsextion. This is possibly due to the
face-to-face interaction. After all, students iaing through I-MINDS could not en-
joy the advantages of face-to-face interactions g facial expressions, the spontane-
ous free-flowing of ideas, and more immediate fe@#hin their discussions. Also, with
students sitting nearby in a group, it was moreagimgy. This observation shows that to
rival the more intuitive interactions in the faaeface interactions, I-MINDS would
need improvements in its graphical user interfawkraultimedia features.

» The team-based efficacy was collected after edocho&sed on'a set of questions. It
measures how a student views how well its grouppleaformed.. Once.again, students
in the Control section approved of their team-basetiVities more than the students in
the Treatment section.

Session 1 Session 2 Session 3
Average | Std. Dev.| Average| Std. Devi Averagg  Std.
Dev.

Self Efficacy (max. 45)
Jigsaw without I-MINDS 33.87 4:41 35.00 3.30 34.883 2.28
Jigsaw with I-MINDS 32.36 4.00 33.40 5.35 33.77 3.8
Peer Rating (max. 45)
Jigsaw without I-MINDS 42.02 2.68 39.06 7.05 39.90 4.80
Jigsaw with I-MINDS 35.60 5.97 33.30 8.65 38.59 8.3
Team-Based Efficacy (max. 35)
Jigsaw without I-MINDS 29.87 2.51 31.86 3.48 30.08 3.02
Jigsaw with I-MINDS 27.72 5.08 29.20 2.78 28.25 2.0

Table 2. Questionnaire Results: Self-Efficacy is pre-Jigsativities; Peer Rating and Team-Based Efficacy
are post-Jigsaw activities.

Table 3 presents a sample of the individual stigieating of their peers in the Treat-
ment section, averaged over the three lab sessibamputing correlations of each evalua-
tion vs. the post-test 'scores, we observe thattemyevaluations are highly correlated with
the post-test scores. First, average peer ratiaga student gave to his or her peers is
negatively correlated to his or her post test sedtk a correlation of -0.63. We suspect
that when a student is critical of his or her petns student is more aware of the different
levels of abilities and is more confident of him-herself. This means that the student is
also more likely to do well in the post-test. Satothough the number of messages that a
student sent to his or her group is not correl&tetthe student’s post-test score (only 0.03),
the length of messages sent is (0.51). This pesval valuable insight to how we should
measure student contribution to a group in ther&atstudents who do well in the post-tests
tend to send long messages.

Table 4 shows a sample of the group members tfdest rated the student or the stu-
dent’'s group. Once again, the average length alsages sent within the group is highly
correlated with the student’s post-test score (0.6his correlation is actually higher than
that found in Table 3, hinting that how the growghdéves could help improve the student’s



post-test score. Further, how the group ratedpters only slightly correlates with the
post-test score (-0.24). In addition, the corretst of other evaluations vs. the post-test
scores are greater than their counterparts in Tabl€his gives positive hint that group ac-
tivities could help with a student’s performanced aur questionnaires and the messages
tracked could be used as indicators. This encesrag to extend our analysis and tests in
this direction for our future work.

Table 5 shows the average number of messagedws@my each Jigsaw Phase. The Re-
porting and Reshaping (Phase 3) phase yielded &8t messages sent while the Integra-
tion and Evaluation (Phase 4) phase the least. didyoff in the number of messages sent

during Phase 4 makes sense as students tendxafigathe intensive Phase 2 and Phase 3
discussions.

Student | Average Average Average Average Average Average Student’s

ID Peer Rat- | Team- % of % of Number Length of | Average
ing Based Work Work of Mes- Messages | Post-Test
(max. 45) | Rating Done by Done by sages Sent| Sent Scores

(max. 35) | Team Student (chars)

s6 34.8 28.0 37.5% 62.5% 31.7 94.5 8.0

s10 41.4 17.0 5.0% 95.0% 19.7 28.8 7.0

s12 38.5 28.5 55.0% 45.0% 9.0 22.2 7.0

Table 1. A sample ofindividual student’s perception or evaluation of br her group and the activities
within the group. All numbers are based on aesttid viewpoint of his or her group members orualent’s
actions to his or group members (except for thiedalsimn).

Student | Group’s Group’s Group’s Group’s Group’s Group’s Student’s

ID Peer Rat- | Team- view of view of Average | Average Average
ing of Stu- | Based %Work %\Work Total # Length of Evalua-
dent Rating Done by | Done in- Messages | Messages tion
(max. 45) | (max. 35) |-Team dividually | Sent Sent (chars)

s6 39.4 27.6 46:1% 53.9% 43.2 65.6 8.0

s10 36.7 29.6 31.6% 68.4% 34.0 78.4 7.0

s12 37.6 26.3 50.8% 49.2% 40.5 56.8 7.0

Table 2. A sample ofgroup members’ perception or evaluation of a sttisgnoup and the activities within
the group. All numbers are based on the averemepts viewpoint or the aggregate group’s actiaépt
of the last column).

Jigsaw Phase 2 Jigsaw Phase 3 Jigsaw Phase|4
Average Number of Messages 113 160.33 62.33

Table 5: Average number of messages for each Jigsaw phase.

5. Conclusions and Future Work

We have described our extension of I-MINDS, a corapsupported collaborative Learn-
ing system, to support structured cooperative legrn Specifically, we have added fea-
tures to support the Jigsaw procedure. We havéoysp the I-MINDS+Jigsaw system
three lab sessions of CS1. Initial results ar@eraging. We have found out that students,
without the benefit of face-to-face interactiongrevable to make use of I-MINDS+Jigsaw,
and performed as well as students with face-to-isegactions in the post-test of each lab.
However, we have also observed that students thtsd team activities more highly in
face-to-face interactions. Further, we have atamd significant correlations between the
length of messages sent and a student’s performarioere are also indications that when
a student is critical of his or her peers, thigdstu’s post-test score is likely to be higher.
Also, there seems to be hints that group activileshelp improve students’ post-test
scores. We will continue to enhance I-MINDS tdyfuhcorporate the Jigsaw procedure,
and improve the intelligence of the group agen®ur future work also includes further



analysis, tying student performance to classroohiesement and individual group per-
formance.
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