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Abstract. We construct groups agimulated learnerthat model the behaviour of
humans acting in various learning environments, with the aims of studyong
learning and focusing on the effects of differegbal structureson individuals

and groups of learners. Three sets of research objectives astigated: (1) imi-
tating the behaviour of human learners with a multiagent simulation by modeling
characteristics outlined in pedagogical literature; (2) comparing the mesof
simulated learners operating with different goal structures; and (8peng fac-

tors that influence the behaviours of simulated learners acting in greugs as
group size and composition, as well as the inclusion of team rewardsai r
series of experiments as part of this investigation, which are outlinethhere

1 Introduction

Multiagent simulations based on computational represient of human actors and
characteristics of social environments can provide usgfptoximations of large-scale
population studies or fine-grained behavioural studieth®lgh necessarily abstracted
to varying degrees, these types of simulations can be usihdr as a pre-cursor to
experiments involving real humans or as a means of analyaziegiously collected
data sets [17]. The work described here examiresip learningand focuses on the
effects of differentgoal structureson individuals and groups ddfimulated learners
Three research objectives are investigated: first, imigdtehaviours of human learners
in a multiagent simulation by modeling characteristicdinatl in pedagogical litera-
ture; second, comparing the behaviours of simulated leamasponding to different
goal structures; and third, exploring factors that inflleettee behaviours of simulated
learners acting in groups, such as group size and compositio the inclusion of team
rewards.

Earlier related work describes “SimEd”, an environment graulates interactions
between simple artificial learners and abstract knowledradns [12]. Students and



teachers are modeled as agents acting within a complex sgstam, namely the edu-
cation system; and their behaviours are controlled by featsuch as emotion, motiva-
tion and ability [9]. Here we expand upon this line of workwotmain ways. First, we
model peer-to-peer interactions—whereas the previous wolk models the results
of student-teacher interactions. Second, we base thddefahe present simulation
on the large body of existing research on “group learningi tas been conducted
by developmental psychologists, education researchefcagnitive scientists. Thus
our models of human learners are grounded in empirical anttalted experimental
studies well-documented in the literature—whereas theiguewvork abstracted many
of the details of the human “agents” and was based on caran@®s of classroom
activity. Our work is related to the fields of cognitive madegland user modeling; how-
ever the goal here is not to build or augment an intelligetdring system but rather
to build a simulation system in which we can explore the jpitey between various
characteristics of learners and the environments in witieip progress.

Our approach differs from other work that describes “siredastudents”. VanLehn
et al. [18] present an analysis of machine learning systems tHadvaelike human
students, identifying two inputs of such systems (a stuslémowledge prior to the
learning event that will be simulated and the instructiangdrvention that led to the
learning event) and two outputs (the student’s behaviotindwand updated knowledge
after the learning event has occurred). Subsequent worlogmihis notion for analyz-
ing skill acquisition, for example emulating learning frarror correction [11]. Uses
for systems that simulate students can be grouped into tategories [18]teacher
training [4, 3], peer tutoring(where the peer is a simulated student) [20], arsdruc-
tional design19]. Peer tutoring is the most closely related to the workcdiéed here.

In the work presented in this paper, we examine aspects ofpdearning, com-
paring a range of different reward mechanisms for indivisiiend groups, as well
as various heterogeneous (vs homogeneous) group conopgsifiirst, we provide an
overview of relevant pedagogical literature describing¢haracteristics of individuals
and goal structures in group learning situations. In sacBipwe describe ougroup
learning modeklnd the design of a simulator which we constructed for exrpanting
with the model. Section 4 presents some results, and we witis@ brief discussion.

2 Background

Our group learning model is based on several important egleal theories of human

learning and skill acquisition as well as applications afs theories to implementa-
tions of instructional and learning processes in a classrétts [6] describes a theory,
involving three phases for physical skill learning in aduithich has influenced many
others studying skill acquisition. Fitts’ theory claimsthwhen learning a skill, human
development goes through an “early” phase, an “intermetiiase and a “late” phase.
In the early phase, the emphasis of the learning task is oaratathding instructions and
on establishing the proper cognitive set for the task, tieguin a better grasp of the

task at hand. The latter is done by performing a series ot séianple tasks and trials,

like an introduction to the task to be learned. In the intaliate phase, people learn
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(a) implicit and explicit learning models, (b) stages of cognitive develmraombined with
taken from [16], based on [1] the stage-theory of [6] and [1], iresplvy [16]

Fig. 1. Models of knowledge acquisition during learning, i.e., “progress’e Tiorizontal axes
represent the passage of time; the vertical axes represent the taofiGmowledge acquired by
the learner. In figure (b), “1” represents the initial stage of learnigyjs the associative stage;
and “3” is the autonomous stage.

to associate parts of the skill they are acquiring with défé stimuli. The late phase
involves the perfection of the task learned.

Anderson [1] describes three similar stages in the confetkisoacquisition of cog-
nitive skill. He names and explains the three phases gliglifferently: the first phase is
called the “cognitive” stage. A characteristic of this plasverbal mediation, which en-
ables the learner to clarify instructions for herself. Teeand stage is the “associative”
stage, in which skill performance is “smoothed out”; erriarthe initial understanding
are detected and overcome. In this phase, no verbal meadiativecessary anymore.
The last phase is the “autonomous” stage, in which the leayraglually improves in
performance of the skill. As a part of this stage, Andersomtinas the “procedural
stage” which applies purely to the increase in speed witlthvthie skills are performed.

Taatgen [16] expands on Anderson’s learning model and ibescthe outcomes of
learning in terms of “explicit” and “implicit” learning (sefigure 1a). He uses the term
“implicit learning” for unconscious and unintentional teang, whereas in “explicit
learning”, goals and intentions determine what is learfeen educational system, we
can say that explicit learning gives rise to the cognitiviecomes of goal structures and
implicit learning gives rise to the affective outcomes.

In many pedagogical studies, researchers distinguishaagtseveral levels abil-
ity because some learners progress more quickly than otheng studies mention
three levels (“high”, “medium” and “low”) [10], but the mosbmmon are two levels of
ability (*high” and “low”) [2]. In our study we chose to focusn two levels of ability.

Another factor influencing learning behaviour is the leviedlifficulty of the infor-
mation being processed in comparison to the level of devedop of the learner. The
zone of proximal developmeistdefined by Vygotsky as “the distance between the ac-
tual developmental level as determined by independentigammobolving and the level
of potential development as determined through problewirsplunder adult guidance
or in collaboration with more capable peers” [21]. In order & learner to process
new information optimally, the level of the information shd be such that it can be
grasped by the learner’s present zone of proximal develapr@ellaborativeactivity
amongst learning peers promotes growth because peerkedyetdi operate within each



other’s zones of proximal development and interactionshedp reinforce knowledge
and smooth learners’ transitions from the early to lategestaf skill acquisition.

Throughout much of the pedagogical literature, three facce cited as influencing
individual human learningcognition motivation andemotion These are often referred
to as the “trilogy of mind” [9]. All three elements influendeetlearning process equally.
The zone of proximal development can be seen as the cogeibrgonent of this
trilogy. Motivation and emotion are factors that dependéddarge part on the learning
environment for a learner and on interaction with otherdevigarning.

The design and implementation of one or mgoal structuress a part of the edu-
cational process within the classroom and can focus on @idual, (2) cooperative
and/or (3) competitive aspects. Withdividual goal structureseach student can set
his or her own learning goals, regardless of the goals ofrstigith cooperative goal
structures students work together on a task. One inherent featurei®ttoperation
is that students only obtain their personal goals if the estt&l with whom they work
also obtain their own goals. If implemented correctly, tbeperative goal structure is
generally believed to be beneficial for students’ learningcpsses [7, 13, 2] because
they not only learn the concept that is in fact the objectiheir cooperation, but also
the interactive skills necessary to cooperate. Wampetitive goal structurestudents
working individually can obtain their goal by scoring wetfl relation to others, even
if others fail to achieve their goals and even if studentgblothers’ successes; not
always negative, competitive goal structures can be vetyvating for some students
[7]. The three goal structures all vary in the amount and tyfateraction that takes
place among learners: with an individual goal structurerehs no interaction; with a
competitive goal structure, there are only competitiverattions; with a cooperative
goal structure, interactions are designed to help all gpgnts.

Goal structures can be implemented in different ways, aiegrto how an instruc-
tor wishes to use them to help teach concepts and motivatstinents. One teaching
methodology that can implement all of the aforementioneal guctures is the STAD
learning method [13]. The STAD (Student Teams Achievemawisions) method has
five major characteristics, which can be implemented as dgbiential phases in the
learning process that, collectively, are performed iteeht:

1. teacher presentationsthe initial phase of the learning process in which a teacher
explains the concept to be acquired;

2. student teamwork or individual workthe phase in which activities designed to
facilitate learning are undertaken by one or more studemtsking alone or in
groups;

3. quizzes—-the phase in which the teacher evaluates the progress mashchystu-
dent;

4. individual improvement-the phase in which individuals receive recognition (from
the teacher and/or their peers) for any progress they hade;raad, optionally,

5. team recognition-the phase in which teams are ranked and “prizes” (or some othe
form of recognition) are bestowed upon team members—thisegisaonly relevant
when the “cooperative goal structure” is in place and sttalare working in teams.

A typical feature of the STAD learning method is that befaarhing a concept, stu-
dents are each given individual “targets” to reach, custethaccording to their ability.



Because these targets are personalized, every studerstimagh chance of performing
well on her quiz as her peers do on theirs. Team recognitibased on collective per-
formance as well as individual performance relative to peatized targets. This means
of assessing progress and determining rewards was usegl ¢atfent research to sim-
ulate the learning of a series of concepts by groups of stademn environment with
various reward structures.

3 Group learning model

Our group learning modeis designed based on the pedagogical theories highlighted
above. In this section, we first outline the parameters teéiheagentsacting in the
simulator; each agent represents an individual humandearfine model of cognitive
development—i.e., progress made by individual learners-elwbhinderlies our simula-
tion is illustrated in figure 1b. In the initial stage of learg (labelled “1” in the figure),
a large amount of new knowledge is introduced to the leamatshort amount of time,
mostly in the form of instructions; hence the slope of theveus quite steep. In the
associative stage (“2” in the figure), instructions are falimed and made part of the
learner’s own skills; the slope of the curve decreases lsecihtakes more time to for-
malize and associate actions with the new information awdume the amount of new
information that is presented also decreases. In the anton® stage (“3”), the learner
does not learn new things but constantly elaborates thempr&aowledge.

The second part of this section discusseddhening environmenfor instructional
mode) in which the agents interact. The instructional model thatsimulate is based
on the notion that first a student is exposed to some new kigeléwve use the term
“concept” to indicate a unit of knowledge)—this could be lik@ading about it in a
textbook chapter or hearing a teacher give a lecture on thie-tethen the student has
a chance to practice working with the knowledge, such asgxXample, doing a home-
work assignment or lab work, writing a computer programyarig question at the
end of a textbook chapter; and finally the student’s new kadgt is assessed. We label
this evaluation a “quiz”, but it could also mean the teacharkimg a homework or lab
assignment—the term “quiz” here refers to the stage at wiiielt¢acher (or instruc-
tional module in an intelligent tutoring system) gains fieack on whether the student
is acquiring the new knowledge or not.

The final part of this section describes the simulator and haemonstrates the
group learning model.

3.1 Agents

Each agent is defined by a number of parameters, as detal®d be

— ability —indicates whether the agent has “high” or “low” aptitudeisivalue does
not change during the simulation and can be thought of lik¢inlligence quo-
tient), i.e., a value that indicates a learner’s innatetagiéi and remains constant
over their lifetime.



— improvement—reflects the general increase in knowledge throughout Hraitey
of a new concept.

— progress—is the cumulative value of improvement (shown in figure 1b).

— basescore—represents the score of the quiz the student took beforergtedin-
cept and after each concept.

— improvement_score—is the outcome of the quiz taken by the learner in the eval-
uation phase of each concept cycle (see below) and is the uakd to increment
thebasescoreafter completing a concept. It is a combination of the impraent
of the learner during the concept presentation and the dainderstanding (see
below).

— understanding—is gained by the learner when learning a concept of whicklifre
ficulty (explained in the next subsection) falls within lzene(see below). Another
way in which a learner gains extra understanding is whereéxiplg things to peers
in the cooperative goal structure. The understanding ddiyea learner depends
on the current improvement of that learner and the help pgeavito others. The
gain in a learner’s understanding may be at the cost of thahég’s improvement;
therefore, it does not always pay off for a learner to helghAt the beginning
of each concept, understanding is se Bgain, indicating that the subsequent con-
cepts are independent.

— zone—resembles the center of a frame, bounded e+ ¢, and represents the
“zone of proximal development”. This is a cumulative val&to which thdearn-
ing_rate (see below) is added after each concept. Note that the siteedfame
stays the same throughout the development of the learndreaslue ofzonein-
creases when the learner improves, the entire frame shidtgdingly.

— learning_rate—is calculated as the average changeniprovement.score per
tick (one time unit in the simulation). This variable is used tdidate the overall
development of the learner (addedzone after each concept), because students
take different time spans to learn a concept, as can be seba gimulation from
the way they progress.

— motivation—attempts to capture in an abstract way whether a learnertigatex!
to do well or not, i.e., if a student has the ability to learroaaept, does she actu-
ally acquire it? The value aghotivation changes as the simulation runs and depends
on whether thdifficulty of the current concept lies within the learnezsneand
whether or not the learner passed the quiz at the end of thépseconcept pre-
sentation. If the learner “fails”, she becomes motivatedddetter next time if she
failed by a little fnotivation increases), but demoralizegh¢tivation decreases) if
she failed by a lot. In the case of cooperative learning, vatitin is also influenced
by the motivation of the teammates. In case of competitieenieg, a learner’s
motivation increases if both the learner and her opponere hacompetitiveness



factor above a certain threshold.

— emotion—attempts to capture in an abstract way whether a learneyisgatten-
tion to the lesson and able to absorb all the input given dutir initial presentation
phase, i.e., if a learner is unhappy or depressed, she mdisteot to everything
her teacher says. In our simulation, the valuespfotion changes over time and
depends on how well the student performs on the quiz aftegrpssing through a
concept. For cooperative learnirgmotion also depends on teammateshotion
and the rank of the team after the learners all complete the liuthe pedagogical
literature, researchers often remark on the fact that innapetitive setting, stu-
dents tend to prefer that others do not get benefits if thaypsiedves do not receive
any [7, 8]. This tendency led us to implement an increase iotiemwhen learners
compete; if learners are close togetherame they form a threat to each other and
competing gives them a means to try and get ahead of each other

— target—is the individual target for each concept. It is a goal onlytfee learners
in the individual the cooperative goal structures (as erplhin [13]); in the com-
petitive goal structure everyone strives for the same goal.

— likelinessto_help—is the help others can give to a learner in a cooperative gbnte
and depends on how likely they are to help their peers. The relvided to other
learners is calculated as the productikéliness to_help andimprovement and
represents the amount that is subtracted from the helpepsovement, as that
learner “stays behind” to help a peer. However, the imgtrovement is invested
in understanding. An important factor to note is that the help provided by one
learner and the help received by another learner are nossadly the same. The
amount of help given by a high ability learner to a peer depeamdthat learner’s
improvement and thékeliness to_help of the learner. The receiver of the help is
also responsible for the cooperation: the effort investdtié learner by the other is
received according to the receiving learner's motivatibthe receiving learner is
unmotivated, the help is not fully effective. Another faciafluencing the learner’s
cooperation is whether the help provided falls within theeof proximal devel-
opment of the learner receiving the help. If the help doedaibiithin the zoneof
the learner helped, only a fraction of the help provided meadhe learner.

— competitiveness—is similar tolikelinessto_help, but it applies to interactions in
a competitive goal structure. Very competitive learnerghhibbecome motivated
because of this competitiveness, in which case competés® has a positive in-
fluence on the learner. When a competitive and a non-conmygetéarner com-
pete, this might have negative influences on the motivatfdheénon-competitive
learner.



3.2 Environment

When implementing each goal structure in a human classrdwrsdtting of instruc-
tional targets for individuals or groups of learners anddésign of the evaluation phase
are all tasks that belong to the teacher. In our simulatiomyole of the teacher is part
of the environment: concept difficulties are set randommgijviidual and group targets
are set according to the previous outcomes of the learnedsealuation is done ac-
cording to individuals’ targets and progress. The teachspresented implicitly in the
simulation as an agent bearing a unilateral dependend®relgith her students; learn-
ers’ behaviours depend on their teacher, but the teachelavour does not change in
response to the learners. This is an example ofdbtire modebf teacher behaviour
described in [12].

The performative structure [5] (i.e., a description of tleguence(s) of activity in
the model) of the classroom environment is divided into @éhpbasesinitialization ,
learning andevaluation. This three-phase “concept cycle” executes for each cancep
in the simulated curriculum. Following the STAD learningthmd, in theinitialization
phase, teachers present an introduction to a new concepledings individual targets.
In the simulation, this translates into setting values facteagent such dsmsescore
andzone

Then, agents enter thearning phase where they progress through the concept; this
is the phase in which students are given the chance to acgpir&nowledge—whether
they actually progress or not (and how much) depends on th&ivation, emotion,
ability, zone and thedifficulty of the concept. In a competitive goal structure, this
is the phase in which learners interact by competing. In gemiive goal structure,
the learners interact by helping each other to progress wiflnencing each other’s
motivation and emotion. The learning phase is the longess@in the concept cycle.

In the evaluation phase, studentgrogressis measured and combined witim-
derstanding, which together add up to a learneirsprovement_score This value is
compared to the learner’s target for the concept. iimgrovement_score forms the
learner’s newbasescorein the initialization phase for the next concept. If the imoye-
ment score is equal to or higher than the target, the leam®phssed the quiz. This
results in an increase imotivation andemotion (the learner becomes “happy”), which
will have a positive influence on the performance of the leaduring the next learning
phase. With the cooperative goal structure, the evalugti@se is used for calculating
the ranks of the participating groups: in a situation in hfive groups compete, the
two groups that contain the learners who scored best on ithdiiridual quizzes are
rewarded, having a positive influence on their motivatiod amotion, and the lower
scoring groups become disappointed, resulting in a negaffect on their motivation
and emotion.

Two variables that drive the learning process aredifficulty of each concept to
learn and the number dicks spent on each concept. The notion of concept difficulty
is based on [12], in which a set of concepts is representedgaaph of nodes, and
each concept has a real-valudifficulty betweerD (easy) and (hard). In that work,

a conceptis a small bit of knowledge, such as the spelling or meaning wrd or
an arithmetic equation. Here, the notion of a concept coaltrbader and represent a
larger amount of information, such as “addition” insteadiofiply, for example5 + 2.
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Fig. 2. Screenshot of the simulator. In the bottom portion of the screen, rowsnuailated
learners are shown; they begin on the left edge of the window and mae taght as they
progress through each concept (there are three concepts pen sddth, displayed in a hori-
zontal scrolling window). Each dark vertical stripe indicates the evaluatiase of the previous
concept and the initialization phase of the next concept. Between the tiipdsss a learning
phase, shaded according to thificulty of that concept: the darker the color of the concept, the
harder it is. All agents start the learning phase at the same time. Inteiabiédween agents in
the cooperative and competitive goal structures are indicated by dydiwes between collabo-
rating agents or competing agents. The interface, at the top of the scegdme run interactively
and allows the user to modify parameter settings before each run: theenafconcepts to be
learned and the goal structure. In the case of a cooperative gaztbsérthe user can choose the
number of groups participating, the group size and composition for gaelp, and whether or
not team rewards are present.

We use the term “concept” to refer to the amount of curricataterial that a teacher
chooses to cover in one lesson. In the simulation, learn@rs kb certain amount of
time to master each concept, measureticiks; if time runs out while learners are still
working, they have to stop and move on to the evaluation ptesa which they start
a new concept.

3.3 Simulator

The group learning model was simulated using Netl*dg@], depicted in figure 2 [14,
15]. Programming in NetLogo is inherently agent-based, isdobust and easy-to-
use graphical user interface makes it an ideal environnaemirbtotyping and running
relatively small scale experiments.

The change irzonewas monitored for each kind of learner, within each kind of
goal structure, group size and composition. The averagegeh@zonedepends on an
agent'dearning_rate. In the evaluation phase, at the end of a concept, the |éamuere
is incremented by thkearning_rate, which incorporategmprovement_ score which,

“http://ccl.northwestern. edu/ netl ogo/



in turn, encompassesderstanding, motivation, emotion and the value otoneafter
the previous concept to be learned. In this way, all varettat are mentioned in the
pedagogical literature influence the learning behavioagheagent. The differences in
ability are implemented by using a different mean and standardta®viar a Gaussian
curve describing possible improvement for each leveltifity .

The algorithm implemented for simulating learning centermund the variablen-
provement, which is modeled as a curve (following figure 1b), using amalrdistribu-
tion, with a different mean and standard deviation for leesrwith high or low ability,
indicating the general increase in knowledge throughcaitebrning of a new concept.

Cognitive development is measured as the chang®mg which is calculated by
adding the learning rate to the present valueafie The value oflearning_rate is
calculated asmprovement pertick, andimprovement is determined mathematically

as:
. B 1 (tick — p)?

wherey ando are the mean and standard deviation, respectively, of theowement
curve.

As suggested by the literature, improvement depends omilbgyt of mind: cogni-
tion, motivation and emotion. Cognition is representedzbge the rest of the trilogy
is represented directly asotivation and emotion. Another variable that influences
improvement is conceptifficulty . These factors are combined and used to modulate
improvement:

improvement - = (motivation - emotion - zone/difficulty )

This indicates that ifmotivation, emotion andzoneare optimal, theimprovement is
maximized. For the individual goal structure, no otherahlgs contribute tonprove-
ment. For cooperative and competitive goal structunegrovementis also influenced
by help (given and received) and competition, respectithlpugh the variablelke-
linessto_help, understanding andcompetitiveness

4 Experiments and Results

We conducted a series of experiments designed to monitdetredopment (i.e., change
in zon@ of individuals within each of the three goal structurese ehaviour of the
simulated learners in the individual goal structure wagluesea reference for learner
behaviour in the cooperative and competitive goal strestuFor the cooperative goal
structure, we experimented with different settings of thiéofving parameters: group
size (number of learners in each group), group compositiompgeneous and hetero-
geneous with different mixes of high and low ability studgntand the influence of
team rewards on the learning behaviour of high and low gh#iarners. The experi-
ments involved 10 runs of 99 concepts each, for each goaitstes Table 1 contains
the change irzone for both high and low ability learners in all group compasiis,
averaged over all runs. Values within the sections of théetan be compared, but
note that it is not meaningful to contrast the changednebetween high and low abil-
ity learners; by definition, high ability learners will pnazss more quickly due to the
different implementation of their improvement.



4.1 Goal structures.

We compare the results for the three goal structures sigdilat

Individual and Competitive goal structures produce simitsults.When we com-
pare the development of individual learners in a competijgal structure with the de-
velopment in an individual goal structure, in table 1a, thleigs lie too close together to
point out significant differences between the behaviore. iy difference that can be
pointed out is that the standard deviations of the learmesicompetitive goal structure
are smaller than in an individual goel structure, which nhighicate that competitive-
ness creates more coherence among the learners. But dggrferdioth high and low
ability simulated learners, it can be said that individuad @ompetitive goal structures
give rise to similar learning behavior.

Cooperative goal structures benefit high ability learnéks.can be seen from table
1b, all values of the development of high ability learners laigher than the value for
individual learning. We can therefore say that a coopegdéigrning environment tends
to be beneficial for the development for high ability leamer

Cooperative goal structures only benefit low ability leasneome of the timeOn
the other hand, when comparing the results of low abilityrlees in an individual
versus a cooperative environment we can see that learngsosria group compositions
do not seem to benefit from working in groups. Some of the teampositions result in
the learners performing worse than in an individual goaicttire. It cannot be said that
the cooperative environment would therefore not be beréficr low ability learners;
it does however become clear that other factors might infle¢he success or failure
of the cooperative goal structure for low ability learners.

4.2 Group composition and size.

We compare the results for group composition within cooppera@oal structure.

High ability learners benefit most from working in small gpsuof homogeneous
composition, while low ability learners benefit most frontelhegeneous group§-he
reason for the latter result could be that the low abilitytheas benefit from cooperation
with high ability learners, since the high ability learneen help them progress. One
result that illustrates this very well are the results farters of both abilities in a group
with a composition with a small number of low ability learsemd a large number of
high ability learners (likeHHHL ). This composition is most fruitful for low ability
learners; working together with only high ability learnevdl provide the low ability
learner with a lot of help. The high ability learners benefitLirn from cooperating with
low ability learners because they gain understanding. fFaike-off can be seen in table
1b, for the same team composition. Where the low ability leascored relatively very
well, the high ability learner does not develop much morentiman individual goal
structure. The results do show, however, that both hightalbélarners and low ability
learners can thrive in heterogeneous groups, whereas lemmaogs group compositions
only pay off for high ability learners. A possible explameatifor this could be that high
ability learners only benefit from helping low ability le@ms in certain circumstances;
low ability learners, on the other hand, are always helpekligly ability learners.



(a) high andlow ability learners, for botlindividual andcompetitive goal structures:
individual competitive
goal goal
structure structure
H{|0.2670(0.0253)0.2620 (0.0273)
L|{0.1517(0.0233)0.1542 (0.0188)

(b) high ability learnerscooperative (c) low ability learnersgcooperative
goal structure: goal structure:
without with without with
team tean team teamn
rewards rewards rewards rewards

HH  [|0.3738 (0.1509D.3201 (0.0576) LL _ ||0.1631 (0.0713p.1182 (0.0648
HHH [0.4162(0.2085)0.2955 (0.0958) LLL  ||0.1611 (0.0526.1698 (0.0509
HHHH||0.2972 (0.03609.3627 (0.0891) LLLL [|0.1714 (0.0455p.1619 (0.0429
HL  [|0.3062 (0.1011p.4959(0.3448) HL  ||0.2321(0.1279)0.1185 (0.0986
HHL [0.2916 (0.07449.3621 (0.2213) HHL ||0.1679 (0.106Qp.1806 (0.0933
HLL 0.3514 (0.1015p.3210 (0.1084) HLL ||0.1546 (0.0695p.1568 (0.0653
HHHL [|0.3082 (0.0535p.2899 (0.0632) HHHL [|0.1819 (0.1236.2247(0.0956
HHLL [|0.3295 (0.0703D.2610 (0.0763) HHLL [0.1441 (0.0840.1478 (0.0708)
HLLL ||0.2807 (0.1153p.2792 (0.1790) HLLL [0.1464 (0.05749.1921 (0.0660)

o — — — —

Table 1.Experimental results: goal structures, group composition and sizan Bteange in zone
and standard deviation are shown. Different group compositions as&dtad by combinations
of (H) and low (L) ability learners. Groups sizes (2, 3 and 4) are smred implicitly in the
number of learners denoted in each group composition.

4.3 Team rewards.

We conducted an experiment examining the influence of tearards in the coopera-
tive goal structure.

Team rewards do not always have the intended effect of irmgrdevelopment; very
often, both high and low ability learners perform worse theithout team rewardsAs
can be seen from figure 3(a), team rewards work especiallffovdiigh ability learners
in large homogeneous groups and small heterogeneous ghichipsan be explained by
the increased chances of high ability learners to rank fighé learning environment
where group performance is compared. Low ability learrespecially in small groups,
cannot “outrank” the groups with more high ability learnarsd will therefore lose
motivation. An interesting result shown in figure 3(b) isréfere the development of
low ability learners in a homogeneous group of three; theyrst benefit from team
rewards, while many other groups would seem to be betteritbegly. The influence
of team rewards on the simulated learners is closely retatgdoup size.

By introducing team rewards, the pedagogical literatuesljgts that group mem-
bers are more responsible for their group members’ progiessn rewards can there-
fore be an important motivator for group members, and candmpared to “team
spirit” amongst members of a sports team [13]. Based on tbisvational aspect, our
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hom-2  hom-3  hom-4  het-2  het-3  het-4  individ  compet hom-2  hom-3  hom-4  het-2  het-3  het-4  individ  compet

(a) high ability learners (b) low ability learners

Fig. 3. Experimental results: team rewards. Results are averaged ovegreaghsize (2, 3 or 4),
for each type of group (homogeneous vs heterogeneous).

prediction was that team rewards would have a positive effiethe learning behaviour
of the simulated learners in the cooperative goal structarthe simulation, team re-
wards have an influence on the motivation and emotion of tbeggmembers: when
a cooperative group improves a lot compared to the otherpgrdhe motivation of all
its members will increase; the motivation will decrease graup is ranked last. As a
result of the increased motivation, the emotion will alsoré@ase: the learners become
“happier”.

5 Discussion and Summary

Our experimental results show differences in learning,suesd by a model of each stu-
dent’s zone of proximal development. Additional experitseand details of this work
can be found in [14]. Summarizing the results presented, hezecan say that group
composition, team rewards and team size have clear inflaercéhe development of
simulated learners in a cooperative environment. Diffex@niable settings may help
to overcome the apparent negative influences of this gaadtsite for low ability learn-
ers. This can be compared to a real-life situation, in whitdegher implements a goal
structure in such a way that it enables her students to dewgittmally.

The results also show that there appears to be no singleanoup size for either
high or low ability learners; however group size is a very pdwl factor in combina-
tion with other variables, like group composition or thegmece of team rewards. The
hypothesis that a larger group would give rise to more dereént is proven to hold
only for homogeneous groups with team rewards, or for higlityakearners in hetero-
geneous groups without team rewards. One observationghdteemade from watching
the visualization of the learners in the simulation is thetnh rewards have a positive
effect on groupoherencealthough this was not measured formally. The learners seem
to progress more “together” in a situation with team rewdtidan without). This is re-
lated to the helping principle, which enables a high ablégrner to gain understanding
by helping a low ability learner.

We have presented the background for and designgsbap learning mode&nd
simulation system in which theoretical human learners avdated as artificial agents



whose behaviours are influenced by a wide range of individndlenvironmental pa-
rameters. Using this simulator, we have investigated thifferent goal structures in
groups of simulated learners, characterized by featurels asi size, homogeneity and
reward structures. A number of the parameters defined inithilation have signifi-
cant effects on learning outcomes, corresponding to trebsisrved in empirical studies
of human learners described in the pedagogical literafwen though computational
modeling will always be an abstraction of the behaviour ohhu subjects, agent-based
simulation can be a powerful tool for examining aspectsahadifficult to studyin situ
and can provide better understanding of individual andrenwental characteristics
that influence the progress of human learners.
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