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effective learning. Computer agents have been used to provide
control over interaction in group learning [8].

Abstract—Group cognitive conflicts occur when a learner in a
collaborative mobile learning environment becomes aware of a
discrepancy between his/her existing cognitive framework and
new information or experience. The cognitive conflicts stimulate
the learning process by making an individual to move from
his/her learning sphere and participate with others in the
learning process. However, there is a big challenge on how
students handle and resolve conflicts during collaborative
learning. Intelligent agents have been used in this paper to
provide support for group interactions by regulating the group
conflicts. An experimental design with one control group and two
experimental groups (role playing and guided negotiation) is used
to compare levels of group knowledge construction. The findings
showed improved levels of knowledge construction where
regulated conflicts were used compared to where they were not
used.
Keywords—group cognitive conflicts; knowledge construction;
intelligent agent; collaborative m-Learning

I.

This paper discusses the use of intelligent agents to provide
collaborative mobile learning support for regulated group
cognitive conflicts. There are two types of agents used: role
playing agent and guided negotiation agent. The rest of the
paper discusses the objectives of the study, related work,
research design, the findings, and the conclusions.
II.

The main objective of this study is use an experimental
design to investigate the effect of regulating group cognitive
conflicts in a collaborative m-learning platform using
intelligent agents to improve the level of group knowledge
construction.
The specific objectives are:
• To investigate the effect of role playing on the level of
group knowledge construction in collaborative mLearning group interaction processes.
• To investigate the effect of guided negotiation on the
level of group knowledge construction in
collaborative m-Learning group interaction processes.
• To compare the role playing facilitation with guided
negotiation facilitation in terms of the levels of group
knowledge construction.

INTRODUCTION

The future of teaching and learning in collaborative
environments will be greatly influenced by m-learning [1].
Mobile devices are not just cognitive tools that reorganize how
learners think; but are also important for engaging learners in
productive learning [2]. The use of mobile phones for
collaboration is in line with the tenets of constructivism which
involves both teachers and students as active participants in the
learning processes [3]. Students take advantage of the mobile
devices to facilitate flexible collaboration in and out of
classroom settings [4]. The mobile devices allow students to
communicate what they have learnt, critically analyzing
information, and create new knowledge through their
interaction [3].

There are three research questions from the three objectives
above.
Research Question 1
Which groups of learners (those using role playing or
those not using) achieve higher levels of group
knowledge construction in collaborative m-learning
group interaction processes?
Research Question 2
Which groups of learners (those using guided
negotiation or those not using) achieve higher levels
of group knowledge construction in collaborative mlearning group interaction processes?

According to [5], there is not enough research about how
group members engage, sustain and productively regulate
collaborative processes. For example, not much has been done
on how students handle and resolve conflicts on knowledge
which arise during collaboration, and how they can be
facilitated [6].
Computer Intelligence can provide support for learner
collaboration [7], as an essential and necessary aspect of
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other’s ideas and understandings [6]. Group cognitive conflicts
assist to uncover ideas and assumptions from all group
members might otherwise lead to incomplete analysis and
improper decisions [27]. The disagreements in terms of
knowledge conflicts allow participants to construct
explanations, give reasons, and justify their views. Those
misunderstandings during collaboration are important since
they force group members to provide explanations, give
reasons, and justify their positions [28]. Since these cognitive
conflicts emanate from the individual students with differing
interpretation and understandings, dealing with these conflicts
is perceived as a knowledge construction process whereby
ideas are processed to achieve a deeper understanding [6].

Research Question 3
Which groups of learners, between those using role
playing facilitation or guided negotiation facilitation,
achieve higher levels of group knowledge
construction in collaborative m-learning group
interaction processes?
III.

RELATED WORK

A. Group Knowledge Construction
Collaborative learning can be defined as a process where
knowledge is jointly created [9] based on ideas and thoughts of
others [10]. Knowledge construction itself is an outcome of
collaborative learning [11], and evidence that collaboration
took place [12]. Knowledge is created through interactions, as a
joint undertaking during collaborative learning [13]. This
knowledge is constructed socially during the interactions
among learners and later internalized as individual knowing
[14].

Group cognitive conflicts have their own share of
challenges on group interaction. When encountered with
conflicting knowledge, students may raise the issue or desist
[6]. Improper level of cognitive conflicts can cause difficulties,
problems, and even endanger the learning process. For
example, if the conflict is excessive, it could lead to
withdrawal, anxiety or frustration. Some researchers claim that
it can even break down the learners’ current internal structures
[29]. Too little or too much cognitive conflict existing in a
group causes learning problems [30]. Too much agreement
suppresses relevant and important new ideas which may be
introduced and not so relevant ideas being unchallenged [31].
The difficulty in reaching a consensus becomes a major
challenge in attaining effective learning [32]. This raises the
need to regulate group cognitive conflicts.

Knowledge construction involves collective inquiry by the
participants through dialogue and interactive questioning
leading to continuous improvement of ideas [15]. Knowledge
construction occurs when a learner disagrees with a partner’s
conception or identifies an error in his/her thinking, but by
justifying it. A student may also refine another student’s idea
by attempting to reconstruct the solution [16].
Thus,
knowledge construction can only take place when learners
exchange ideas, viewpoints and arguments as they discuss a
group problem [17]. Group members need to explain,
compare, synthesize, and connect different ideas together [18],
through interactions [17].

Resolving of conflicts on knowledge is important for the
constructive and collaborative tasks during learning [6]. The
ability to resolve conflicts during collaborative learning
determines how well group members are able to create a shared
understanding of a topic [33]. It is crucial to know how to deal
with conflicts on knowledge in a collaborative learning [6].
The way those conflicts are dealt with and the ability to resolve
them affects group learning [34]. This paper discusses two
approaches for regulating group cognitive conflicts namely
Role playing and Guided Negotiation.

B. Group Cognitive Conflicts
Interaction among learners in collaborative learning is the
key element in group learning [19]. Learning cannot take place
in collaborative environment in the absence of social
interactions, that is, where group members do not question,
analyze, synthesize, evaluate, and make decisions [20].
Learners learn more effectively by externalizing and
articulating their unformed, still-developing understanding
together [21]. However, effective group interaction is
determined by some issues, which if not given due
consideration can negatively affect the group learning
outcomes. Among them are the group cognitive conflicts.

Through roles, group members assume responsibilities on
themselves or others by positioning themselves or others, or in
response to others’ positioning moves [35]. When a group
member is limited to a single role, the multiple functions that
the member can perform are ignored [36]. Role-playing is
known to increase interactions during knowledge construction
in collaborative discussions [37]. When participants take new
roles differing from what they are, they get encouraged to look
at the problem from a different perspective. Assigning of roles
is meant to improve students’ engagement with each other
towards successful collaborative task [38]. Also some members
may feel free to express themselves when they “hide” behind a
role [39].

A cognitive conflict as an imbalance resulting from a
contradiction of newly acquired knowledge with existing
knowledge [22]. Cognitive conflicts are noted when peers
argue amongst themselves, clarify and evaluate each other’s
ideas leading to cognitive restructuring [23]. This conflict on
knowledge occurs in a social interaction as a divergence
between the knowledge and/or the students’ viewpoints
compared to others from group members [24]. A cognitive
conflict is a vital factor in an individual’s conceptual change
during learning [25] since it makes an individual to move from
his personal learning cycle to social cycle and participate in
group work through interactions [26]. The cognitive conflicts
assist the learner in identifying, challenging and reconstructing
likely misconceptions. Conflicting ideas and knowledge also
motivate the learners to explore, combine and refine each

Negotiation is not simply a reconciliation of multiple
opinions or selection an opinion among alternatives, but a
process of collaborative construction of new knowledge based
on interaction and discourse [40]. Through negotiation, group
members adopt new shared goals, in turn leading to broader
shared understanding [41]. Learning is not facilitated by the
conflicts, but rather, it is the effort used in elaborating different
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The Role Playing agent regulates the group cognitive
conflict by choosing encouraging members to choose a role to
play during the group discussions. The agent also displays the
current role played by each group member to the others. Each
role has a specific set of task associated with it, and this
controls the way the discussion is conducted. For example, a
member could contribute as a starter by initiating the
discussion, and could later contribute as a supporter as the
discussion continued.

viewpoints which see through the conflict leading to effective
learning [42]. However, the efficiency of negotiation is
dependent on mutual understanding, effective dialogue and
communication between all group members. According to [43],
the use of interaction rules may help in regulating a discussion
(e.g. each member should come up with three ideas).
C. Intelligent Agents in Collaborative Learning
Computer support for collaborative learning becomes most
effective when designed to foster productive social interaction
[37]. Intelligent agents have been used in collaborative learning
by providing control over interactions during group learning.
Due to their features, computer agents are suitable for
collaborative learning to provide control over interaction and
assessment for group members within short time constraints
[8]. Intelligent autonomous agents can be built into teams to
solve the problems collaboratively, with functionalities and
skills already distributed among the agents [44]. Intelligent
agents are good for incorporating learning theories into
collaborative interactions and environments [45].

The Guided Negotiation agent provides the students with
sentence openers to assist them to choose the kind of
contribution they want to make. The sentence openers are in
the form of Propose, Counter-Propose, Agree-Disagree,
Question, Answer and Provide Information. The agent also
aimed to improve collaboration by encouraging members to
elaborate and explain their contributions. The agent did so by
providing the members with an option to either elaborate or
explain each of their contributions. For example, one could
answer a question and accompany the answer with an
explanation.

A common type of intelligent agents called Intelligent
Pedagogical Agents (IPA) is used in collaborative learning.
IPAs assist learners by providing pedagogical guidance,
tutorials, finding learning resources, tracking learners’
progress, aiding collaborative and communicating learning
functions [46], creating and providing adaptive dialogues,
giving guidance, resolving difficulties and motivating learners
[47]. There are two subcategories of IPAs: conversational
agents and teachable agents. While conversational agents hold
and facilitate conversations with learners, teachable agents are
taught by the students in order to perform some tasks like
solving puzzles [48]. Conversational agents used in
collaborative environments range from simple chat interfaces
to full virtual talking heads with full expressiveness.
Conversational agents are known for providing dynamic
support for collaborative learning and consequently improve
the learning outcomes [49].

The architecture was implemented as a mobile application
and used by students in the experiment described below.
IV.

METHODOLOGY

An experiment to investigate the effect of regulated group
cognitive conflicts on the level of group knowledge
construction was conducted using students from a local
university in Kenya. The students undertook a unit called
‘Design and Analysis of Algorithms’ in a 14-week semester. A
total of 30 students took part in the experimental study. They
were first registered to use the system for accessing their
lecture notes and other collaborative learning features. In the
6th week, all participants took part in a series of three online
discussions. Each discussion group participated in three
discussions by solving three ill-structured problems for each of
the three treatment conditions. The posted messages were
saved in the system’s server for later analysis. A few of the
students were randomly selected for a survey interview after
the online discussions were closed. Each participant of the
interview took 15 minutes.

D. Regulation of Cognitive Conflicts with Intelligent Agents
We used two intelligent agents to develop architecture for
regulating group cognitive conflicts shown in Fig 1. The two
agents are within the Systems Layer of the architecture.

A. Research Design
The research design used in this study was post-test only
experimental study with control group. The experiment used
multiple treatment design. The treatment conditions are
explained below:
Treatment 1: The members of this group used role playing
as the technique for regulating group cognitive conflicts.
Treatment 2: The members of this group used guided
negotiation for regulating the cognitive conflicts.
Treatment 3: This was the control group. The participants
in this group used neither role playing nor guided negotiation.
The participants were placed into discussion groups of three
members each through self-selection. The discussion groups
were randomly assigned to the three treatment conditions in the
first online discussion. In the second online discussion, each

Fig. 1.
Architecture for regulating Group Cognitive Conflicts using
Intelligent Agents
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discussion group was given a different treatment condition
from the first one. Again, in the third online discussion, each
group participated in a different treatment condition from the
first and the second discussion. That is, all the discussion
groups participated in the three treatment conditions. Duration
of one week was observed between each online discussion.

A. Descriptive Statistics
The mean group level of knowledge construction for the
guided negotiation group (2) and role playing group (3) is
higher than the one for the control group (1). In Table I, the
mean for the control group is 5.0001 being lower than those for
both the means for Guided Negotiation (7.5367) and Role
Playing (6.7202). N is the number of participants.

B. Validity of Results
The following measures were taken to ensure the validity of
the results for this study:

TABLE I.

Mean Std. Deviation

a) Participants were given prior explanation about the
usage of the system, and a brief guide on how to participate in
the group discussion
b) Online group discussions were randomly assigned in
the first measure, and keen observation made in allocating the
subsequent measures

N

Control

5.0001

2.64347

10

GuidedNegotiation

7.5367

2.28883

10

RolePlaying

6.7202

1.70702

10

B. Analysis for Posted Messages
A repeated measures ANOVA was conducted on the
messages posted during the discussion after they were
categorized by the independent coders. Mauchly’s test was
done to check the sphericity condition. As shown in Table II,
the variances of the between levels of knowledge construction
were not significant (significance value is 0.764 which is above
0.05). df is the degrees of freedom.

c) Equal time allocated to each discussion group to
solve the group task
d) Each of the discussion groups was not able to access
or mingle with others during the discussion duration.
e) Duration of one week was given in between the
online discussions.
f) The features to regulate group cognitive conflicts
were embedded within the collaborative m-learning prototype
and students were not made aware of the existence of those
facilitations or their absence when solving the group problem.

TABLE II.

MAULCHY’S TEST OF SPHERICITY

Within Mauchly's Approx. df Sig.
Epsilona
Subjects
W
ChiGreenhous Huynh- LowerEffect
Square
e-Geisser Feldt bound

C. Treatment Materials and Instruments
Three ill-structured group problems of same level of
difficultness in the subject area of “Design and Analysis of
Algorithms” were used in this study. Each of the ill-structured
problems was developed in consultation with an expert in the
field of Design and Analysis of Algorithms.

Facilitation

.935

.539 2 .764

.939

1.000

.500

Thus, the assumption of sphericity was not violated. With
sphericity not violated, Table III further shows us a significant
difference in the level of knowledge construction in the three
treatment groups (F = 13.652, p < 0.01).

A set of interview questions was used in conducting the
survey with randomly selected individuals.

TABLE III.

A content analysis coding scheme (tool) adopted from [50]
was used in calculating the level of knowledge construction for
each group to be used for further analysis.

TESTS OF WITHIN-SUBJECTS EFFECTS

Ty
pe III
Sum of
Squares

df

Mean
Square

Sphericity
Assumed

63.132

2

31.566 13.652 .000

GreenhouseGeisser

63.132 1.878 33.621 13.652 .000

Huynh-Feldt

63.132 2.000 31.566 13.652 .000

Lower-bound

63.132 1.000 63.132 13.652 .005

Sphericity
Assumed

41.620

GreenhouseGeisser

41.620 16.900 2.463

Huynh-Feldt

41.620 18.000 2.312

Lower-bound

41.620 9.000 4.624

Source
Facilitation

V.

DESCRIPTIVE STATISTICS

FINDINGS

There were two main sources of data for analysis: (i) posted
messages by students in the online discussion, and (ii) the
responses to the survey by randomly selected students. A total
of 324 messages were posted by 30 participants who
participated in all the three treatment conditions. After
categorizing the messages into different knowledge level codes
by two independent coders using the Content Analysis Tool, an
inter-rater agreement of 0.716 was attained. The coding of the
messages where the two coders disagreed was done by a third
coder. The code where two of the three coders did not agree
was subjected to a consensus. The average level of group
knowledge construction was calculated for each group.

Error(Facilitation)

41

18

2.312

F

Sig.
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significant difference between the control group and the guided
negotiation group. This is because the participants in the
guided negotiation group were provided with instructions on
how to conduct a group discussion and were also guided on the
kind of contribution to make during the discussion.

From Table IV, the estimated marginal mean for the
control group is 4.587± .476, the one for Guided
Negotiation is 7.953 ± .555 and the mean for Role
Playing is 7.256 ± .423.
TABLE IV.

Facilitation

Research Question 3 - Which groups of learners, between
those using role playing facilitation or guided negotiation
facilitation, achieve higher levels of group knowledge
construction in collaborative m-learning group interaction
processes? The regulation of group cognitive conflicts using
Guided Negotiation achieved a higher level of group
knowledge construction than using Role playing.

ESTIMATED MARGINAL MEANS

Mean Std. Error

95% Confidence
Interval
Lower
Bound

Upper
Bound

1

4.587

.476

3.510

5.664

2

7.953

.555

6.697

9.209

3

7.256

.423

6.299

8.213

VII. CONCLUSION
From this study, it can be concluded that the use of both
role playing and guided negotiation improves the level of
group knowledge construction. The intelligent agents seem to
be effective in collection and analysis of group interactions to
dynamically regulate the group discussions.

This is a clear indication that the facilitations for regulating
cognitive conflicts (Guided Negotiation and Role Playing)
improved the level of knowledge construction in the discussion
groups.

ACKNOWLEDGMENT
We acknowledge the financial support provided by the
National Commission for Science and Technology Innovations
in Kenya which provided a research grant for this study. We
also thank all the students from Murang’a University of
Technology and Kenyatta University who participated in this
study.

C. Analysis for Survey Interview
Five (5) students who were randomly selected took part in
the survey interview. A summary of their responses is given in
Table V.
TABLE V.
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