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Abstract

Wikis are being increasingly used as a tool for conducting colla-
borative writing assignments in today’s classrooms. However,
Wikis in general (1) do not provide group formation methods to
more specifically facilitate collaborative learning of the students
and (2) suffer from typical problems of collaborative learning like
detection of free-riding (earning credit without contribution). To
improve the state of the art of the use of Wikis as a collaborative
writing tool, we have designed and implemented ClassroomWi-
ki—a Web-based collaborative Wiki that utilizes a set of learner
pedagogy theories to provide multiagent-based tracking, model-
ing, and group formation functionalities. For the students, Clas-
sroomWiki provides a Web interface for writing and revising
their group’s Wiki and a topic-based forum for discussing their
ideas during collaboration. When the students collaborate, Clas-
sroomWiki’s agents track all student activities to learn a model of
the students and use a Bayesian Network to learn a probabilistic
mapping that describes the ability of a group of students with a
specific set of models to work together. For the teacher, Clas-
sroomWiki provides a framework that uses the learned student
models and the mapping to form student groups to improve the
collaborative learning of students. ClassroomWiki was deployed
in three university-level courses and the results suggest that Clas-
sroomWiki can (1) form better student groups that improve stu-
dent learning and collaboration and (2) alleviate free-riding and
allow the instructor to provide scaffolding by its multiagent-based
tracking and modeling.

Introduction

Wikis provide a useful platform for conducting collabora-
tive writing in today’s classrooms (Cole 2009; Forte and
Bruckman 2007; Trentin 2009; Steve Wheeler, Yeomans,
and Dawn Wheeler 2008). In typical collaborative writing
assignments in a Wiki, students collaborate and cooperate
to write an essay on the instructor’s chosen topic and learn
the topic from the collaboration and interaction (Cress and
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Kimmerle 2008). Due to the collaborative nature of the
assignment, the learning outcome in Wikis depend on how
well the group members collaborate among themselves
which is determined by collaborative learning-related as-
pects like (Roberts and McInnerney 2007) (1) group for-
mation and (2) individual assessment of student contribu-
tions and performances.

The composition of student groups impacts their ability
to collaborate because not all groups have the same ability
to collaborate. For example, researchers (Cress and Kim-
merle 2008; Inaba et al. 2000; Issroff and Jones 2005)
found that various student attributes such as their know-
ledge and collaboration skills impact their collaborative
learning outcomes. So, a Wiki environment that models
the students and their collaborations to learn the composi-
tion of members that improves their collaboration is useful.
Another issue in collaborative writing is accurate assess-
ment of individual students’ contributions toward the
group. Lack of accurate contribution assessment gives rise
to lack of accountability (Roberts and McInnerney 2007),
decreased collaboration (Ebner, Kickmeier-Rust, and Hol-
zinger 2008), and may negatively impact the collaborative
learning outcome. In other words, a Wiki tool that allows
the teacher to track the students’ activities to better assess
their individual contributions towards their groups would
motivate the students to collaborate better. Such improved
tracking would also allow the teacher to provide specific
and precise interventions in a timely manner.

In this paper, we describe ClassroomWiki, a Web-based
computer-supported collaborative learning tool that we
have built combining (1) a set of theories on student peda-
gogy that explain the collaborative learning process in Wi-
kis with (2) the tracking, modeling, and group formation
capabilities of a Multiagent Human Coalition Formation
(MHCF) framework (based on (Soh and Khandaker 2007))
to form student groups. Briefly, in MHCEF, a set of intelli-
gent agents (1) track the students’ activities in the envi-
ronment to learn a model of the students and (2) use a
Bayesian Network to learn the probabilistic mapping of a
group of students’ models onto their performances in the
current and future tasks. Using their learned models and
mapping, the agents then negotiate to form student groups



that allow the members to solve the current task well and
learn how to solve the future tasks better.

Note that we have previously published the framework
and architecture of ClassroomWiki including the summary
of the results of our 3-week-long preliminary deployment
in (Khandaker and Soh 2010). Furthermore, we have pub-
lished the preliminary results of our three-month-long dep-
loyment of ClassroomWiki in (Khandaker and Soh 2010).
In this paper, we report on (1) previously unpublished re-
sults, specifically, the users’ and teachers’ experiences, (2)
the newly obtained results on the impact of the use of our
agent-based technology in tracking, modeling, and group
formation in ClassroomWiki, and (3) our ongoing deploy-
ments to further validate the usefulness of ClassroomWiki.

Problem and Solution Approach

Collaborative Knowledge Building in Wikis

Cress and Kimmerle (2008) model the collaborative know-
ledge building with Wikis as a two-component system
composed of (1) a social system, i.e., the Wiki and (2) a
cognitive system, i.e., the students’ cognitive processes.
Cress and Kimmerle discuss that through the structural
coupling based on /anguage, the social system is able to
effect changes into the participating learners’ cognitive
system through externalization and internalization. While
working in the Wiki environment, learners contribute to
topics or create artifacts which they have some knowledge
on—i.e., the externalization process. On the other hand,
the internalization process refers to the integration of the
knowledge contained in the Wiki artifacts prepared by oth-
er learners. Thus the externalization process of one learner
contributes to the internalization process of another and
this collaboration increases the knowledge of the learner
who internalizes that knowledge. This internalization also
interacts with the knowledge a learner already has to pro-
duce new emergent knowledge.

Group Formation Problem

With the model described in the previous approach, stu-
dents learn from each other through externalization and
internalization process. This implies that what a student
knows (i.e., his or her knowledge) and #ow well they colla-
borate with their group members impact that group’s colla-
borative learning outcomes. So, a framework that forms
student groups should utilize the impact of the knowledge
and collaboration skills of a group on its collaborative
learning outcomes.

Note that in a Wiki environment, the impact of the
knowledge and collaboration skills of the students would
vary according to the environment—such as the collabora-
tive writing assignment and the communication modes
available—and the learner’s characteristics. Furthermore,
the expertise of the learners in a collaborative learning set-
ting evolves as they progress through their syllabus and
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coursework. Thus, the formed groups need to reflect those
changes in learner characteristics.

Definition — The group formation problem in our Wiki
environment refers to dividing the set of students into a
disjoint set of groups according to their changing charac-
teristics so that the group structure improves their colla-
borative learning outcomes.

Tracking and Modeling Problem

Accurate tracking and modeling of student contributions
towards their groups is not available in most collaborative
learning and writing environments. This lack of tracking
and modeling leads to free-riding and as a result: (1) free-
riding students receive credits without doing work (Roberts
and Mclnnerney 2007), (2) hard-working students are dis-
couraged from collaborating (Roberts and Mclnnerney
2007), and (3) student participation is reduced in the Wiki
environment (Ebner, Kickmeier-Rust, and Holzinger
2008). Finally, the detailed information about student be-
havior collected by the tracking may allow the teacher to
provide specific and precise help to the students or group
who are not able to collaborate. We denote the specific
and precise help provided to a student having collaborative
problems as scaffolding.

Definition — The tracking and modeling problem in our
Wiki environment refers to observing the learners’ interac-
tions with the Wiki and other learners to prepare a student
model to form groups and to identify scaffolding needs for
instructor intervention.

Our Solution Approach

To solve the group formation and tracking and modeling
problem, we use MHCF — a multiagent framework de-
signed based on (Soh and Khandaker 2007). In MHCF,
each participating student is assigned an intelligent agent to
observe the interactions of its student with the Wiki and the
other students and models (1) the student’s attributes re-
quired for problem solving, and (2) the student’s contribu-
tions to his or her group. Finally, the agents use an iterative
negotiation-based coalition formation algorithm to form
student groups—using the students’ models and their con-
tributions—that improve the collaborative learning out-
come of their members.

Why a Multiagent Solution?

Modeling our proposed solution framework as a multiagent
system provides us several advantages that are unavailable
in a centralized single-agent framework. Today’s colla-
borative learning theory provides us directions about what
type of groups may improve the collaborative learning out-
come (e.g., a group that fosters collaboration and know-
ledge exchange). However, finding the right combination
of students with attributes for a given problem in an uncer-
tain and dynamic environment is a computationally expen-
sive problem that requires (1) modeling the impact of stu-
dents’ attributes to their performances as group members



and (2) optimizing the distribution of the participating stu-
dents into disjoint student groups so that each group is able
to (a) solve the current task well and (b) encourage colla-
boration among its members to yield better collaborative
learning. Multiagent coalition formation technique allows
us to solve this NP-hard problem with intelligent agents
who are able to track and model their assigned students and
use their learning abilities to form better student groups.
One issue with this learning is that the learning mechanism
or algorithm has fewer chances to observe and model the
environment and the participating students. For example, a
particular set of students may work together for only a few
assignments limiting the modeling agents’ observations
(e.g., the composition of a group and their collaboration or
learning). While using a multiagent-based divided learn-
ing (Weiss and Dillenbourg 1998) approach, the agents
simultaneously observe the environment and models the
impact of a groups’ members’ attributes on its perfor-
mances. As a result, the agents together are able to help
one another somewhat overcoming the limited learning
opportunities.

Furthermore, as indicated in a similar educational peer
group formation application I-HELP (Vassileva, McCalla,
and Greer 2003), a multiagent system is inherently mod-
ular, extensible, and allows better scalability than a single
centralized agent- or non-agent-based system. For exam-
ple, in the asynchronous ClassroomWiki environment,
whenever a student logs in, we could create an agent that
represent that student up and running so that it is able to
track and model that student. Furthermore, we could de-
sign the behavior of a single agent with simple local deci-
sion-making logic (modularity) and add or remove the
agent as student log in or out of the system (extensibility).

Agents in ClassroomWiki Architecture

ClassroomWiki is composed of four conceptual modules:
(1) Wiki, (2) Communication, (3) Tracking and Modeling,
and (4) Group Formation. First, the Wiki module allows
the teacher to create and assign Wiki assignments to the
students. For students, this module provides (1) revision
and (2) versioning of their Wiki assignment text. Second,
the Communication module facilitates student and teacher
communications through (1) assignment-specific topic-
based forums used by the teacher and the student groups
and (2) announcements and emails from the teacher to the
individual students or student groups. Third, the Tracking
and Modeling module contains a set of student agents who
are assigned to the participating students to frack those
students’ activities in ClassroomWiki to build detailed stu-
dent models. That tracked information is then used to (1)
better assess students’ individual contributions towards
their respective groups’ Wiki-related work leading to (a)
detection and prevention of free-riding behavior and (b),
precise and specific interventions from the teacher to im-
prove collaboration, and (2) better group formation. Final-
ly, the GFM allows the teacher to automatically form stu-
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dent groups randomly or by using the tracked student mod-
els and the MHCF framework.

Student Agents’ Tracking and Modeling

The Tracking and Modeling in ClassroomWiki is com-
posed of a set of student agents a; € A where the goal of
those agents is to maintain a model of their assigned stu-
dents s; € S according to the Tracking and Modeling prin-
ciple described above. This student model is based on five
categories of tracked student activities: (1) Active Use—
the actions of a student that push information onto his or
her group’s Wiki and changes the content of that Wiki; (2)
Passive Use—student activities in ClassroomWiki that pull
information from his or her group’s Wiki and do not result
in a change in the contents of that Wiki; (3) Interaction—
a student’s interactions with his or her group members
while collaborating; (4) Survey Response—a student’s
responses to the various surveys or questionnaires posted
by the teacher about the effectiveness of his or her group,
peers, or the ClassroomWiki itself; and (5) Evaluation—
the evaluation scores received by a student for all Wiki-
related activities. Assuming S = {sy, ..., Sps } is the set of
all students and A = {ay,...,a,,} is the set of student
agents assigned to those students, Table 1 shows the in-
formation tracked by student agent a; for student s; € S.

Note that the student agents calculate the values of the
attributes auf for k = 1, ...,3 using the versioning functio-
nality of the WIM. Furthermore, the student agents use
Natural Language Processing (NLP) capabilities to com-
pute the values of the attributes auf for k =1, ...,9, where
the NLP capability of the agents will allow them to build
more accurate student models. For example, the NLP ca-
pability will allow a student agent to distinguish between:
(1) the trivial changes (e.g., spelling correction) and (2) the
content-related editions (e.g., addition or deletion of con-
tent-related phrases) of its student agent.

Table 1. Information tracked by agent a; for student s;
adopted and extended from (Khandaker and Soh 2009)

Category— Tracked Information

Active Use (au)— (1) Number of words added (au}),
(2) number of words deleted (au?) for a Wiki revision,
(3) number of content-related phrases added (au}); (4)
number of new content-related phrases added (au}); (5)
min distance between the whole sentences added by s;
and the whole sentences added by s;’s group members
(auiw); (6) min distance between the whole sentences
deleted by s; and the whole sentences added by s;’s
group members (au}!); (7) number of forum messages
posted by s; to other members’ forum topics (au/); (8)
the number of group members’ editions the content re-
lated phrase added by s; survives (auf); (9) the number
of group members’ editions the whole sentences added by
s; survives (aw)); (10) number of forum topics created
(auf); (11) number of forum messages posted by other




group members to s;’s forum (au?).

Passive Use (pu)—Number of times logged in to the
ClassroomWiki, length of each ClassroomWiki session,
number of times a student views: 1. Wiki assignment
specification (pu}); 2. Details of other group members;
e.g. email (pu?); 3. Other group member’s revisions
(pu?); 4. Revision history i.e. list of all revisions and
authors of a Wiki (pu}'); 5. Other group’s revisions (if
allowed by the teacher (puf); 6. Forum topics (a) posted
by the student (puf) (i.e. to check the messages by other
group members, and (b) posted by other group members
(pu/); 7. Forum messages posted by other group mem-
bers (pu?).

Interaction (ir)—Number of topics created, number of
messages posted for own topics (ir;}) and other group
member’s topics (ir2), length of the posted topics (ir?)
and messages (ir;) in words, number of days the user
changed a. the forum i.e., posted forum topics iri5 or

messages i, b. the Wiki, i.e., posted Wiki revisions ir;

Survey Response (sr)—Student’s evaluation of his or
her: (1) Peers, i.e., peer-rating (s7;}), (2) Group, i.e.,
team-rating (s7;%), (3) ClassroomWiki, i.e., Wiki-rating
(57”13)

Evaluation (ev)—Teacher’s evaluation of a student’s a.
contributions toward his or her group’s Wiki, i.e., Wiki
evaluation (evil), b. average performance in other class-
room activities or assignments (ev?)

Using the tracked information described in Table 1,
ClassroomWiki builds a student model sm;, of a student
s; €S attimet as:

Smy e = (Cni,ttcoi,t'evi,t)

(6]

where (1) cn;, € R denotes the average amount of con-
tribution of a student tracked from his or her Wiki assign-
ments, (2) co;, € R represents the collaborative effort of a
student calculated from the summary of that student’s col-
laborative or interactive activities, and (3) ev;, € R
represents the average evaluation of a student based on the
teacher-assigned grades and peer evaluations. Further-
more, we collapse the different groups of tracked informa-
tion shown in Table 1 by averaging:

au;, = [(ZtL, waun, - auft)/zsieg TiL wauny, - auf,](2)

i = [(Zk =1 wouny - puy)/ Eseq Zir wouny - puiy] (3)
iy = [(EZ:1 wiry, - iril,ct)/zsieg 2%:1 wiry, - iril,ct] )
Stie = [Sri?t/zsieg ST&t](S)
ev;, = [(21%:1 wevy, - ev{ft)/ Ysieg Yz_ wevy - ev{ft] (6),
ongy & atlyy (7), €0y X Wipg - iy + wep - STy, (8),
ev;, X eV, (9)

Here, waun,, wpuny, w;,, W, Wiry, wsty, and wev, in
Egs. 2-9 are weights. Notice that in Eqs. 2-9: (1) capture
the time-averaged performance (e.g., the relative values of
the active or passive use) of a student with respect to his or

1802

her group and (2) allow the teacher to customize the model
of a student to better capture his or her performance.

Multiagent Group Formation Framework

ClassroomWiki’s Group Formation module allows the
teacher to form student groups either randomly or using the
Mulitagent Human Coalition Formation (MHCF) frame-
work. Since a detailed description of the MHCF frame-
work is discussed in (Khandaker and Soh 2009).

Given the model of a student, derived from the tracked
information discussed in the previous section, a student
agent uses the model to first estimate probabilistically the
contribution of a student towards his or her group’s Wiki
i.e., his or her performance as a group member. Note that
the MHCF framework assumes a probabilistic environment
where a student’s average performance (as an individual
(Eq. 7) and as a group member (Eq. 8)) can be estimated
but not accurately predicted. Then, based on this probabil-
istic view of the environment, the agent, on behalf of its
user, negotiates with others (1) to collaborate to solve the
current task well (improving the current-task reward or
score) as well as (2) to increase his or her knowledge
learned from the collaboration to solve future tasks well
(improving the future-task reward or score). This is where
the tradeoff between the current- and future-task rewards
comes into play and the assumption that users learn to im-
prove their problem solving skills from collaborative activ-
ities. We further elaborate on MHCF in follows.

Environment — The MHCF framework’s environment
E is denoted as a 5-tuple (S,A4,G,T,R). Here, S =
{s1, ..., Sps} is the set of students, A = {a4, ..., a,,} is the
set of agents where each agent a; is assigned to a student
s, G = {gl, ...,gng} is the set of student groups, T =
{t1, ..., t, } is a set of tasks which the student groups colla-
borate to solve, and R is a 2-tuple (R, Rs;) where R, and
Ry, are two real-valued functions that estimate the proba-
bility of a student’s current-task and future-task rewards
when he or she joins a coalition. Here R, is defined as
R.: (smg‘t, tj) - R (10) and Ry is defined as
Rp:(smy,,t;) » R (11). In Eq. 10 and Eq. 11, sm,, =
{smk,t|sk € g} is a set of the models (Eq. 1) of the mem-
bers of the potential group g at time t where that group g
is being formed to solve the task ¢; € T. Note that the
functions R, and Ry, use the model of the members of a
potential group to calculate the expected current-task and
future-task rewards (in terms of evaluations) for a student
to if he or she joins that potential group to solve a task.
While the current-task reward allows an agent to estimate
what its student will receive after participating in a group,
the future-task reward is what the agent expects the student
will gain in the future, due to their improvement in exper-
tise or behavior through learning. This allows MHCF to
look ahead while encouraging students to perform suffi-
ciently well in their current tasks.



Group formation in MHCF occurs in a set of negotiation
rounds where in each round, one agent is randomly se-
lected to act as a proposer who negotiates with other agents
in the framework to form a group for its assigned student.
Once proposed, the proposed-to agent considers its as-
signed student’s model and its current- and future- task
reward functions to choose the coalition that provides the
highest expected total current- and future- task reward.
Once the negotiation rounds end, the agents notify their
assigned students about their respective newly formed
groups and the details of the task they will collaborate to
solve and the collaboration process begins.

Divided Multiagent Learning for Group Formation
— Notice that the structure of the formed groups depend
upon functions R, Ry, that help the student agents under-
stand how the negotiated composition of a group of stu-
dents would (1) solve the chosen task and (2) collaborate to
learn to solve future tasks better. In MHCF, the student
agents cooperatively build a Bayesian network (Xiang
2002) (Fig. 1, Fig. 2) that maps a potential student groups’
model to their collaborative learning outcome, i.e.,
represents R, Rp.. 1In this Bayesian Network, co,, =

9
f(colsi € g}, cnge = f({cniels € g}, evy, =
f({evk,t|sk € g}) (12) for a student group g = {sy|k =
1,2,...}. The Bayesian Network is built and maintained
using the following steps:

= Initialization — Initialization is done by (a) setting uni-
form priors — i.e., setting equal current-task and future-task
outcomes for all inputs, or (b) using previous performance
scores — allowing the teacher to choose previous test scores
to initialize the Bayesian Network. For example, as will be
discussed later when we discuss the deployment results,
the teacher can choose previous test scores that represent
the contribution, collaboration, and evaluation aspects of a
student and use their average performance scores in the
classroom to set the current-task and future-task reward.

= Update — When the teacher assigns a grade to a
group’s completed written assignment, that grade becomes
the current-task reward node value that group’s tracked
collaborative interactions (contribution, collaboration, and
peer evaluations) are used to calculate the contribution,
collaboration, and evaluation nodes. Furthermore, the
evaluation scores are inserted as future-task reward node
values for all previous assignment scores that had the same
contribution, collaboration, and evaluation values. Notice
that each student agent is able to observe different student
models and thus together divide the task (cf. division learn-
ing in Weiss and Dillenbourg 1998) of observing the entire
set of possible model-output combinations.

Implementation

ClassroomWiki modules are designed as plain java objects
that reside inside a Spring (www.springsource.org) frame-
work and utilize a MySQL database (dev.mysql.com) as a
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data repository. Repast (repast.sourceforge.net), an agent-
based simulation framework is used to realize the student
agents for the MHCF framework. The agents use: (1)
LingPipe (Natural Language Processing Tool, alias-
i.com/lingpipe) to calculate the values aul for k = 1,...,9
in Table 1 and Netica-J (www.norsys.com/netica-j) to
create and maintain the Bayesian Network (Fig. 2).

In our current implementation, we set all weights as
equal in Egs. 2-9. Furthermore, while building the Baye-
sian Network (in the Update stage) in Fig. 2, we divide the
student models’ component values (Eq. 7, 8, and 9) into
four segments using the quartiles of the distribution of val-
ues for an assignment. Furthermore, we used a sum as the
function in Eq. 12. Since we assume, that a students’ mod-
el components are not exact, but are probabilistic esti-
mates, this division allows us to efficiently classify each
component value. Due to this classification, we are able to
build a smaller yet still effective Bayesian Network that
allows the agents to capture the probabilistic mapping of a
group’s members’ models to that group’s performance.

-
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Figure 2: Bayesian Network Structure in MHCF.

Deployments and Evaluation Results

Table 2 summarizes the use of ClassroomWiki in three
university-level courses and one community outreach ac-
tivity. For our HIST 202 and CSCE 475 experiments, we
adopted a control-treatment protocol. We divided the stu-
dents in each deployment into the control and treatment
sets based on prior individual student assessment scores—
based on assignments assigned to the students prior to the
ClassroomWiki activities—such that the average score for
each set of students was similar.

HIST 202. In the first deployment, 145 participating stu-
dents were divided into control (72) and treatment (73) sets



by following the aforementioned process. The control set
students were further divided into 14 groups (5-6 members)
randomly while the treatment set students into 14 groups (5-6
members) using the MHCF framework. Also, the student
models were initialized with previous tests and assignments
(as cn; ¢, co; ¢, and ev; ., in Eq. 1). The students then colla-
borated with their group members to prepare Wiki on “US as
a super power” topic for three weeks. Then the teacher re-
viewed each group’s Wiki essay and scored each (0-100) and
converted each group’s Wiki grade to the student members’
individual grades by multiplying that group’s grade with the
relative contribution of that student; i.e., evi1 for a student
s; € S member of group g is:

1 1 1 2 2
ev; < gr; X [au; [ Xses au; + au;/ Xg,es aui +
. 3 . 3 . 4 . 4 . 5 . 5
i /ZSLES iy +in; /ZsiES iy +1r; /ZSLES oy +
;6 6, 7 7
ir [ Lsiesiry + i [ Xsiesir{ 1(13)

Table 2. Deployment Description

Deployment Time Experiment
(1) 3 Weeks
HIST 202 03/09-04/09 Asynchronous Colla-
America after 1877 | (2) Ongoing borative Writing
10/09
CSCE 475 Multia- | 3 Months Asynchronous Colla-
gent Systems 08/09-11/09 borative Writing
ENGL 180 Intro. to | 1 Day Synchronous Colla-
Literature 10/09 borative Writing
Ongoing Mentoring Collabora-
GEM 10/09 tive Writing
WM Ongoing Asynchronous Colla-
NS101 10/09 borative Writing

where, gr; is s; s group grade, au{ for j = 1,2 and ir¥ for
k = [3,7] are the tracked student activity (Table 1). At the
request of the instructor, we are redeploying ClassroomWiki
in the Spring semester of 2010 and are expecting to gather
more data on ClassroomWiki.

CSCE 475. In this deployment, the 17 participating stu-
dents were divided into control (8) and treatment (9) sets. For
initializing the Bayesian Network, the course pre-requisite test
scores were used. Then for each collaborative writing assign-
ment, the control set students were further divided into 2
groups randomly while the treatment set students were di-
vided into 3 groups using the MHCF framework. Each stu-
dent then collaborated with his or her group members on their
Wiki assignment writing up on a particular Multiagent Sys-
tems topic. After the due date, the teacher reviewed each
group’s Wiki essay and scored each (0-100). Then the teacher
calculated the student grade ev} for a student s; € S where s;
is the member of group g:

s¢; « Yitalauf/ s e auf] + [(awi® + auit)/
Yseq au’ +auf'] (14)
ev! « gn X [sc; — median(SC,) | (15)
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where, gr; is s;’s group grade, au¥ for j = [1,11] are the
student activity information tracked by the student agents in
ClassroomWiki (Table 1), and SC, is the set of all student
contribution values in s;’s group g. Note that both of our
experiment setup was double-blind, i.e., neither the participat-
ing students nor the teacher who graded the student groups’
Wikis and provided interventions knew which students be-
longed to the control or the treatment set.

Impact of Multiagent Group Formation

Improvement in student scores and Collaborative Inte-
ractions. One way to measure how well the agents were
able to model the students and form student groups is to
compare the performance and collaboration of control and
treatment sets. Table 3 shows that the treatment set stu-
dents achieved better scores (higher mean and /ower stan-
dard deviations) than did the control set students (statisti-
cally significantly for HIST 202 with p < 0.05). Tables 4
and 5, respectively, indicate that the treatment set students
collaborated more (in terms of revisions and forum discus-
sions) than the control set students in HIST 202 and CSCE
475 courses. The ability of the treatment set students’ abil-
ity to better collaborate and learn could be attributed to
MHCEF’s ability to form better groups using the Bayesian
Network. In HIST 202, the student agents in MHCF
formed heterogeneous student groups and resulted in stu-
dent groups that allowed them to write better quality colla-
borative essays. In CSCE 475, the student agents were
able to observe the students’ interactions to iteratively
learn how to form better student groups yielding improved
student performance and collaboration.

Table 3. Individual and Group Evaluation Scores

Set HIST 202 CSCE 475
Mean | StDev. | Mean | StDev.
Control 70.4 32.9 68.35 30.0
Treatment 74.8 24.7 88.21 13.9
Table 4. Average Revision Count per Wiki Assignment
Set HIST 202 CSCE 475
Mean | StDev. | Mean | StDev.
Control 3.0 2.7 7.0 6.6
Treatment 3.8 3.2 9.1 4.0

Table 5. Average Forum Activity Count per Wiki As-

signment
Set HIST 202 CSCE 475
Mean | StDev. | Mean | StDev.
Forum Topic Count
Control 2.1 1.4 4.8 2.5
Treatment 2.4 1.8 6.0 5.0
Forum Message Count
Control 23 2.0 11.6 7.3
Treatment 2.4 1.9 17.5 11.8

Composition of Formed Student Groups. The com-
parison of the group composition—a key attribute in a col-



laborative learning setting as discussed in (Roberts and
Mclnnerney 2007)—of the control and treatment set stu-
dents helps us explain how and why the treatment set stu-
dents performed better in the course deployments.

First, in HIST 202 experiment, because the MHCF
framework did not have learning opportunity as there was
only one session of group formation, we have bootstrapped
the Bayesian Network to form heterogeneous groups con-
taining students of a variety of levels of competence, i.c.,
an introductory classroom, as recommended in (Cress and
Kimmerle 2008). The analysis of our results shows that,
the average std. dev. of the treatment students’ total prior
scores were higher (13.9 vs. 8.3 with p < 0.05) than the
control set students. This implies that our bootstrapping of
the Bayesian Network allowed the MHCF agents to form
treatment set student groups that had a higher level of hete-
rogeneity than the control set. With everything else being
roughly equal, this increased level of heterogeneity is thus
considered to be contributing to the increased collaboration
and improved performance of the students in HIST 202
(Table 3, 4, and 5).

Unlike HIST 202, in the CSCE 475 deployment, the
Bayesian Network did have 6 iterations of group formation
sessions to learn the composition of the groups. The com-
parison of the std. dev. of the control and treatment set
students’ (Fig. 3) evaluation scores shows that the random-
ly formed student groups were heterogeneous and the
MHCF-formed student set groups were homogeneous in
nature. Furthermore, a 7-test confirms (p < 0.05) that the
control set student groups had higher std. dev. on average
than the treatment set students. Homogeneous student
groups have been suggested by the collaborative learning
researchers and practitioners (Johnson and Johnson 1999)
as a strategy to form student groups especially for settings
where students on average have high expertise on the task
they are collaborating to solve. Being an advanced course
in computer science, CSCE 475 consists of students most
of whom possess the prior knowledge and expertise to
solve the task at hand. After the first round of group for-
mation in CSCE 475, the Bayesian Network was updated
with the students’ collaborations and evaluations encourag-
ing a homogeneous composition of student groups. As a
result, when the randomly formed student groups were
heterogeneous in terms of their effort, evaluation of each
other, and teacher’s evaluation, MHCF agents cooperative-
ly learned to form homogeneous student groups. Over
time, that homogeneous composition of student groups
allowed the treatment set students to collaborate and learn
better than the control set students.

The results here thus suggest that ClassroomWiki’s
Bayesian network-enabled multiagent-based group forma-
tion method improves the students’ performance by: (1)
providing the teacher the option to bootstrap the Bayesian
Network to form students groups with a chosen composi-
tion (e.g., heterogeneous) and (2) learning the appropriate
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group composition (e.g., homogeneous groups for an ad-
vanced learner setting) for a given collaboration setting.

25

20 -
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15 -
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whlbo Ll

Figure 3: Average Standard Deviation of the Members’
Scores of Control and Treatment Set Students.

v

Impact of Multiagent Tracking and Modeling

Alleviation of Free-Riding. The main issues regarding
free-riding (Ebner, Kickmeier-Rust, and Holzinger 2008)
are: (1) collaborative learning tools do not allow the teach-
er to accurately capture student’s contributions toward his
or her group and (2) students do not feel responsible for
contributing to their groups. In ClassroomWiki deploy-
ments, the agent-based contribution tracking (Eq. 13-15)
allowed the instructor to detect the free-riders (13 students
in HIST 202 and 3 students in CSCE 475). The instructor
was then able to e-mail or meet with the free-riding stu-
dents, before the assignment was over, to scaffold (moti-
vated them and provided guidance) them to contribute to-
wards their group and thereby reducing free-riding.

Better Assessment of Student Performance. In the
HIST 202 deployment, the correlation between the stu-
dents’ Final Exam Score and their ClassroomWiki assign-
ment score was 0.75. Furthermore, for CSCE 475, the
correlation between the students’ average ClassroomWiki
assigned score and their Midterm score was 0.67. These
high correlations suggest that the student agents’ model
(Eq. 12-13 built with the tracked information in Table 1) of
their assigned students’ performances closely represented
the quality of their contributions to their groups.

User Evaluation of ClassroomWiki

Table 6 shows the students’ evaluation of ClassroomWiki
environments. The analysis of the students’ evaluations
reflects that, on average, the students found ClassroomWi-
ki useful.

Table 6. Wiki Rating Scores (Likert Scale [1, 5])

HIST 202 ENGL 180 CSCE 475
Mean StDev. | Mean StDev. | Mean | StDev.
234 5.4 23.9 6.65 24.0 4.7

Also, when asked to compare, the students in the HIST 202
course rated ClassroomWiki to be better (avg. 3.4/5.0) than
the Blackboard’s Wiki. The instructors who used Clas-



sroomWiki in HIST 202 and CSCE 475 also expressed
their approval of ClassroomWiki as a useful tool for im-
plementing collaborative writing.

Summary

While designing and developing ClassroomWiki we aimed
to use agent-based tracking, modeling, and group forma-
tion to form student groups that would improve students’
collaborative learning outcomes and track and model their
performances to better calculate their contributions toward
their groups. The analysis of the results of our two main
deployments (HIST 202, CSCE 475) suggest that the mul-
tiagent tracking and divided learning-based MHCF algo-
rithm allowed the student agents to learn to form student
groups that motivated the members to: (1) collaborate more
and (2) achieve better quality of group outcomes (i.c., es-
says). Furthermore, our agent-based tracking and modeling
allowed the instructor to better track the students’ perfor-
mances and identify and provide scaffolding proactively.
This accurate agent-based tracking also enabled the in-
structors to catch and penalize free-riding and motivated
the students to collaborate more. Although not conclusive,
our results suggest that the multiagent-based tracking,
modeling, and group formation in ClassroomWiki allowed
us to solve two typical problems of collaborative writing.

Conclusions

Here we discuss our ongoing effort to utilize multiagent
tracking, modeling, group formation methods to (1) accu-
rately track students’ individual collaboration efforts and
(2) form student groups that allows them to solve the cur-
rent task well and solve future tasks well by improved
learning. The analysis of the results of our deployments in
three university courses suggest that: our use of agent
technology allowed us to form better student groups and
accurately track and model the students contributions bet-
ter. Results of our deployments also suggest Classroom-
Wiki’s potential of being used as a collaborative writing
tool in synchronous and community outreach classrooms.

We plan to extend the user base of ClassroomWiki and
improve the tracking and modeling in ClassroomWiki by
allowing (1) the students to evaluate each others’ contribu-
tions and (2) the teachers to annotate the Wikis.
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