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Abstract—Intelligent agents have been used in 

collaborative learning. However, they are rarely used to 

facilitate group interactions in collaborative m-learning 

environments. In view of this, the paper discusses the use 

of intelligent agents in facilitating collaborative learning 

in mobile learning environments. The paper demonstrates 

how to design intelligent agents and integrate them in 

collaborative mobile learning environments to allow 

group learners to improve their levels of group 

knowledge construction. The design was implemented in 

a collaborative mobile learning system running on 

Modular Object-Oriented Dynamic Learning 

Environment (Moodle) platform. The application was 

used in some experiments to investigate the effects of 

those facilitated interactions on the level of group 

knowledge construction. The results showed improved 

levels of group knowledge construction in instances 

where the facilitations were enabled compared to where 

they were disabled. The paper concludes that the use of 

intelligent agents in facilitating learner group interactions 

in collaborative mobile learning environments improves 

the levels of group knowledge construction. For future 

work, the use of intelligent agents can be tested in other 

areas of group interactions to enhance group learning. 

 

Index Terms—Intelligent agent, Collaborative mobile 

learning, Facilitated group participation, Regulated group 

cognitive conflicts, Moodle. 

 

I.  INTRODUCTION 

Effective learning is attained when learners take an 

active role in their own learning and learning together as 

a group [1]. By working in groups students encourage,  

support, help and provide feedback to each other in order 

to improve their learning performance. Through 

collaborative learning, students articulate their own ideas, 

evaluate, question, sharpen, or build on the ideas of 

others, to deepen both their individual and collective 

conceptual understanding [2].  

Student engagement in collaborative learning can be 

improved when they provide information, ask questions, 

and provide answers through elaborations and 

explanations. The verbalization of knowledge through 

justifying their actions to each other has a positive effect 

on learning [3]. Learners themselves understand the 

learning content better when they provide explanations to 

help their fellow students understand the material [4]. 

This way, they improve their comprehension of concepts 

leading to shared understanding from negotiated meaning 

[5]. Thus, students who do not provide explanations do 

not benefit from collaboration as much as the ones who 

provide [6]. Thus, it is a challenging task to facilitate an 

effective learning experience through quality student 

interactions [7]. With this in mind, the discussion 

platforms in Learning Management Systems do not 

automatically support knowledge construction [8].  

The networked nature of mobile phones produces a 

good environment for collaboration in mobile learning. 

However, m-learning is still immature in areas of 

pedagogical considerations [9] since most mobile 

learning systems do not provide support for the 

collaborative learning processes [10]. With the presence 

of a variety of behavioral and interaction mechanisms to 

both promote and suppress learning in groups [11], 

proper design of interaction within the learning 

environment can significantly improve student 

achievement [12]. 

Thus, this paper aims to achieve two specific objectives:
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 To design and implement an architecture for 

facilitating collaboration in mobile learning using 

intelligent agents 

 To investigate the effect of facilitated learner 

participation on the level of group knowledge 

construction in collaborative m-Learning group 

interaction processes. 

 To investigate the effect of regulated group 

cognitive conflicts on the level of group 

knowledge construction in collaborative m-

Learning group interaction processes. 

 

The rest of the paper is organized as follows: Section II 

discusses related work in collaborative m-learning and 

the use of intelligent agents in collaborative learning, 

Section III discusses the facilitations of the group 

interactions and the agent-based Architecture for mobile 

learning, Section IV explains the methodology used, 

Section V gives the results of the study, and Section VI 

contains the conclusion and further work. 

 

II.  RELATED WORK 

Researchers have associated successful collaborative 

learning with two cornerstones, which are based on 

constructivism: they are (a) shared knowledge 

construction, and (b) productive collaborative interactions 

[13]. Learners engage in higher mental processes when 

creating knowledge through social negotiations and 

interactions [14]. During this engagement, students ask 

and respond to questions, reflect on contributions from 

their peers, show initiatives and become responsible for 

their own and other’s learning [15].  

Even though collaboration is beneficial for learning, 

successful collaboration is evasive and positive learning 

outcomes are not definite [16]. The collaborative learning 

environment should be one that enables students to be 

proactive and independent in their collaboration [17]. 

A.  Collaborative Knowledge Construction 

It is a requirement in collaborative learning that 

students become aware of the group processes and jointly 

construct knowledge in order to benefit from the 

collaboration [6]. As a social interaction, collaborative 

learning involves group members who acquire and share 

their learning experience or knowledge [18]. During 

knowledge construction, the learners collectively enquire 

by participating in discussions and interactive questioning 

which leads to improvement of ideas [19]. Thus, 

knowledge construction itself is a product of 

collaborative learning [20].  This paper considers two 

important requirements for effective group knowledge 

construction: group participation and group cognitive 

conflicts. 

Engaging (participating) in a dialogue, especially an 

argument is vital to collaborative learning from a 

constructivism view [21]. Engagement allows for 

structuring and restructuring of ideas within a discussion 

group, with multiple views coming from individuals 

when negotiating meaning in the process of learning [22]. 

However, participation in a group discussion has its own 

challenges. Some group members may decide not to 

contribute while others may dominate the group. This 

could lead to reduced trust and cooperation within the 

group [23]. An effective collaborative task is one that 

enables all participants to express themselves and make 

significant contributions [24]. In the view of participation, 

successful collaboration acknowledges that everyone has 

ideas to contribute in the collaborative learning [25]. 

Encouraging group members to participate ensures that 

almost all of them understand the topic or problem being 

solved.  

A cognitive conflict occurs when a learner becomes 

aware of a discrepancy between one’s existing cognitive 

framework and new information or experiences from 

other sources [5]. The presence of cognitive conflicts is 

noted when peers argue amongst themselves, clarify and 

evaluate each other’s ideas leading to cognitive 

restructuring [26]. Cognitive conflicts have the potential 

to stimulate the learning process [27] and are vital in an 

individual’s conceptual change during learning [28]. 

Cognitive conflicts allow a learner to identify, challenge 

and reconstruct any likely misconceptions. The presence 

of group cognitive conflicts enable ideas and assumptions 

from all group members, which might otherwise lead to 

incomplete analysis and improper decisions, to be 

uncovered [29]. The disagreements in terms of 

knowledge cognitive conflicts ‘force’ participants to 

provide explanations, give reasons, and justify their views 

[5]. Thus, cognitive conflicts should be encouraged so 

long as they don’t degenerate into potential relational 

disagreements [29].  

B.  Intelligent Agents in Collaborative Learning  

An agent is computer software which works 

autonomously, is interactive in nature and communicates 

by sending and receiving messages within some 

environment. Intelligent agents have been used in 

collaborative learning by incorporating learning theories 

[30] and can provide control over interaction and 

assessment for group members [31].  Intelligent agents 

are preferred due to their high  degree  of  self-

determination  capabilities and  their capability to decide  

for  themselves  when, where, and under  what condition 

to perform their actions [32].  

One type of intelligent agents called Intelligent 

Pedagogical Agents (IPA) provide pedagogical guidance, 

tutorials, ability to find learning resources, tracking 

learners’ progress, aid collaborative and communicating 

learning functions, give guidance, and motivate learners 

[33]. There are two subcategories of IPAs: conversational 

agents and teachable agents. Conversational agents 

facilitate conversations amongst learners while teachable 

agents learn from the students in order to perform some 

specific tasks later [34]. Conversational agents perform a 

number of tasks including enhancing menus and 

interactive simulations and providing a wide range of 

conversational contexts and collaborative interactions 

[35]. The use of conversational agents provides dynamic 

support for collaborative learning leading to improved 
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learning outcomes [36]. Agents are favorable in 

collaborative learning since they adapt to the learning 

experience in order to meet the learner’s requirements or 

meet the changes in the learning environment [37].  
 

III.  FACILITATING GROUP INTERACTIONS IN 

COLLABORATIVE LEARNING 

The difficulties in collaboration are as a result of 

poorly designed learning activities and problems with 

communication of activities within the collaboration 

environment. Students require guidance on how to 

interact during collaborative learning [38]. The 

facilitation of collaborative interactions leads to better 

and effective collaborative learning [39]. There is need to 

restructure collaborative learning in order to realize 

promotive behaviors which are typically not present (or 

are erratically present), and eliminate the suppressive 

behaviors which are very common in group learning [6]. 

Group facilitation is influential in shaping a group 

discussion and consequently affects the students' group 

knowledge construction [40]. This raises the need to 

facilitate the group learning experience through quality 

learner interaction and engagement [7]. The methods of 

supporting collaborative learning can be summarized into 

three approaches: (1) identifying the collaborative joint 

work activities and presenting them to participants so that 

they can understand their collaborative acts; (2) 

monitoring and modeling all interactions among the 

learners and noting differences between the ideal state 

and the current state; and (3) analyzing the state of 

collaborative learning and providing advice for effective 

collaboration [41].  

In their study, [42] identified some important 

facilitation techniques used by instructors to enhance 

knowledge construction including (i) identifying areas of 

agreement/disagreement, (ii) seeking to reach 

consensus/understanding, (iii) encouraging learners to 

participate, (iv) acknowledging, or reinforcing student 

contributions, (v) focusing the discussion on specific 

issues, (vi) confirming understanding through assessment 

and explanatory feedback, and (vi) diagnosing 

misconceptions. This study concentrates on most of the 

approaches identified above to facilitate group 

participation and regulate group cognitive conflicts. 

A.  Facilitating Group Learner Participation 

The success of collaborative learning largely depends 

on student participation in a group learning activity [43]. 

There is need to actively promote participation in 

collaborative learning [44] using a design to encourage 

students to participate in shared knowledge-construction 

processes [45]. This paper concentrates two types of 

facilitations to promote group participation: turn taking 

and informative feedback. 

Equal opportunity to participle is a key factor in 

determining group’s ability to solve problems, create 

ideas and make decisions [46]. Turn taking is a group 

facilitation which uses turn allocation techniques for 

selecting the next contributor to the group task [47]. Turn 

taking uses a round robin strategy where every group 

member is provided with an opportunity to make a 

contribution about a group issue [23]. A member without 

any contribution to make can ‘pass’ the opportunity to the 

next member.  The group members can use their 

opportunity to question, clarify and reword their peers’ 

contributions to confirm their own understanding of the 

team’s interpretation of the problem and the proposed 

solutions. Thus, turn taking ensures that there is no group 

domination because everyone gets an equal chance to 

contribute. 

Feedback is a type of help offered by group members 

to each other in collaborative learning. Informative 

feedback is a suitable way to encourage quality 

participation and interaction to facilitate knowledge 

creation [48]. Timely feedback is critical for facilitating a 

comfortable learning environment [49] and assists 

participants to improve on their contributions [50]. 

According to the constructivist theory, the instructor’s 

intention is to intervene during the learning process and 

not to take charge of the process; so should feedback be 

[51]. The aim of providing feedback is to encourage 

students by asking them questions and challenging their 

ideas during the group discussions [52]. Other than 

motivating the students to participate, feedback can also 

provide information about the student participation in a 

collaborative environment [53]. The instructors can use 

the measured level of participation to provide appropriate 

feedback [43]. For example, low engagement can be 

improved through encouraged participation. Also, any 

imbalance in student participation can be easily noted by 

monitoring the students’ engagement in group activities. 

This not only facilitates for intervention by the instructor, 

but also allows for the students to gauge themselves and 

improve their engagement [6].  

B.  Regulating Group Cognitive Conflicts 

It is important to resolve group conflicts which arise 

during group knowledge construction [27]. The way 

those conflicts are dealt with and the ability to resolve 

them affects group learning [54] by determining how well 

the group members create a shared understanding of the 

problem they are solving jointly. However, not much 

research has been done on how students deal with group 

conflicts on knowledge which arise during collaboration, 

and how they can be facilitated [27]. Differences exist on 

how low and high achieving students deal with cognitive 

conflicts. High achieving students are comfortable with 

cognitive conflicts, while low achieving students try to 

avoid them [55]. This paper uses two approaches for 

regulating group cognitive conflicts, namely role playing 

and guided negotiation. 

During collaborative learning, roles often arise which 

determine the level of interaction and the learning 

outcomes. The interaction which is built during 

collaboration through questions, critique, and requests for 

clarification or justification often influence how the roles 

emerge [56]. Role-playing increases the interactions 

during knowledge construction in collaborative 

discussions [57]. The multiple functions which a member 
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can perform are ignored when a member is confined to a 

single role [58]. Group roles which arise during 

collaborative learning make the group members to 

assume responsibilities on themselves or others [59]. 

Assigning new roles make participants to look at the 

group problem from a different perspective leading to 

improved students’ engagement with each other towards 

successful collaborative task [60].   

According to [61], group knowledge negotiation is 

crucial in collaborative learning and especially in 

collaborative knowledge building. Group negotiation 

involves multiple alternatives and starting positions 

provided by group members. Members discuss 

alternatives, question and challenge positions of others 

which consequently alter their understanding of 

knowledge through consensus. Thus, negotiation is not 

just a reconciliation of multiple opinions but a process of 

collaborative construction of new knowledge based on 

interaction and discourse, rather than the selection of an 

opinion among alternatives. Thus, through negotiation the 

group members adopt new shared goals leading to 

broader shared understanding [62]. The use of interaction 

rules is could be an easy way of regulating the group 

negotiation (e.g. each member can come up with three 

ideas) [63]. 

C.  Collaborative M-Learning Agent Based Architecture 

(CMABA)  

The four facilitations discussed in the section above 

were used in developing the agent-based architecture 

discussed here. There is no standardization concerning 

the agent components of a system or their roles [64]. This 

agent architecture brings together a number of software 

modules implemented using intelligent agents. These 

agents in software modules choose actions and react to 

change the environment they operate in.  

This architecture uses automatic analysis of 

collaboration as the design approach and detects when an 

agent should intervene. It uses intelligent pedagogical 

agents (IPAs) which aim to provide automated and 

intelligent pedagogical support while improving 

engagement throughout collaboration. Specifically, the 

agents collect information, analyze it and generate 

alternatives that allow the user to focus on the effort to 

solve the group problem. This collaborative m-learning 

environment consists of four intelligent agents which deal 

with different facilitations for interaction during 

collaborative learning.  

Each intelligent agent implements one of the four 

facilitations discussed in Section III above. As shown in 

Fig. 1, the two agents used for facilitating group 

participation are turn-taking agent and informative 

feedback agent, while the two agents used for regulating 

group cognitive conflicts are role playing agent and 

guided negotiation agent. The architecture was developed 

to run on a Moodle Learning management system. This 

architecture (CMABA) was developed due to lack of a 

sound framework and methodological approach of using 

agents in collaborative learning [32].  

The architecture has four layers: User Layer, Mobile 

Platform Layer, System Layer and Database Layer. The 

User Layer is used for communication between the 

mobile application users and the system through online 

discussion forums. The Mobile Platform Layer is made of 

the mobile phone interfaces which allow the students to 

interact and access the system using their mobile phones. 

It caters for the support of different types of phones 

available to the students through a mobile network. The 

System Layer is the core of this architecture and consists 

of the four Intelligent Agents and runs on top of the 

Moodle Learning Management system platform. The 

implementation of the intelligent agents is done in this 

layer. The Database Layer allows for the storage and 

access of application’s data, such as the number and 

names discussion groups, discussion forum messages 

posted by students, etc. 

 

 

Fig.1. Collaborative M-learning Agent-based Architecture (CMABA) 

The turn taking agent regulates the members’ 

contributions in a discussion by allocating each member a 

time slot in a round robin approach. The implication is 

that a member cannot contribute twice before other 

members from the same group contribute to the 

discussion. The algorithm used by this agent is shown in 

Fig. 2. 

 

 

Fig.2. Algorithm for Turn Taking Agent 

The informative feedback agent monitors the 

participation of each member in the group discussion.  

The agent calculates the participation statistics based on 

percentage contribution by each member of the group. 

The passive (dormant) members are prompted to 

contribute through reminders and asking their opinions in 

the course of the discussion. The dominant members are 
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requested to provide chances to other members. The 

algorithm for Informative Feedback agent is shown in Fig. 

3. 
 

 
Fig.3. Algorithm for Informative Feedback agent 

The Role Playing agent encourages a member to 

choose a role by providing the possible roles as a way of 

regulating the group cognitive conflict. Different roles are 

provided with different set of tasks which determine the 

way a discussion takes place. The agent also dynamically 

gives the current role played by each group member to 

the others. For example, a member could initiate a 

discussion (starter role) and later support a member’s 

contribution (supporter role) as the discussion continues. 

The algorithm for the role playing agent is shown in Fig. 

4. 
 

 
Fig.4. Algorithm for Role Playing agent 

The Guided Negotiation agent assists the students by 

providing then with sentence openers to allow them to 

choose the type of contribution they want to make. The 

sentence openers used are Propose, Counter-Propose, 

Agree/Disagree, Question, Answer and Provide 

Information. The student selects the sentence opener and 

then makes the contribution to the discussion based on 

that selection. This agent also provides the students with 

an option to elaborate or explain their contributions. The 

algorithm for this agent is displayed in Fig. 5.  

 

 
Fig. 5. Algorithm for Guided Negotiation agent 

D.  Validating and Testing the Mobile Application  

The architecture was used in developing software plug-

in for Moodle Learning Management System. A database 

was used for storage of the data for the application. The 

application was given to students to participate in testing 

and validating it. 

The students were taught in a unit called Object 

Oriented Programming. The lecture notes were uploaded 

in the system and the students downloaded the notes 

using their mobile phones. The students were later 

randomly assigned into discussion groups of three 

members each. The discussion groups were then 

randomly assigned to four experimental groups and one 

control group to participate in testing the workability of 

the application. The experimental groups were based on 

the four types of facilitations provided in the application, 

that is, turn taking group, informative feedback group, 

role playing group and guided negotiation group. All the 

groups were given a similar group discussion problem to 

solve.  

The students participated in the group discussions and 

continuously gave their feedback to the facilitator on 

issued concerning problems and challenges they faced 

when using the mobile application. The results of the pre-

study were used in improving the design of the software, 

and consequently used in improving the final application. 

The data collected from the application was concerned 

with the problems encountered by the students during the 

group discussions. The students were provided with a 

facility to send feedback to the application developers 

through short messages, email and text within the 

discussion forum. The problems encountered by the 

students were grouped into two categories namely 

functional and operational problems. 

The functional problems were as a result of the 

application not performing as expected based on the 

functional requirements. For example, the non-visibility 

of the posted messages on the discussion platform, lack 

of turns in turn taking group, improper regulation of the 

guided negotiation group etc. The feedback from the 

functional problems encountered was used to improve the 

functional requirements and the overall design of the 

application.  

Operational problems resulted from the students not 

being able to use the application as expected. For 

example, some participants (especially those in the Role 

playing and Guided Negotiation groups) did not fully 

understand how to access and participate in the group 

discussions. The messages posted in the group 

discussions also gave important information about group 

participation and chronological order of posted messages. 

This feedback prompted some changes to be made in the 

algorithms affected and enhance the application usage by 

providing instructions to the students.  

The architecture was improved and enhanced as 

appropriate and used in developing the final mobile 

application. The mobile application was later given to the 

students to take part in two experimental studies aimed at 

investigating the effect of facilitated group interactions on 

the group knowledge construction. 
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IV.  METHOLOGY 

Two experiments were conducted in this study. The 

first experiment investigated the effect of facilitated 

group learner participation on the level of group 

knowledge construction and the second experiment 

investigated the effect of regulated group cognitive 

conflicts on the level of group knowledge construction. 

A. Experiment 1 - Use of facilitated Group Participation 

on Group Knowledge Construction  

This experimental study was done using students from 

Kenya who undertook a unit called “Data Structures and 

Algorithms” in a 14-week semester. The study used a 

post-test control group design with random assignment of 

the discussion groups. According to [65], students in 

small groups (two to four members) get satisfied with 

group learning and get more benefits with online 

discussions.  

All the participants were registered to the mobile 

application in order to access the lecture notes after they 

were given an explanation on how to participate in the 

experiment. They were given the assurance that their 

participation towards the experiment would not be 

disclosed and neither used in assessing them for the 

semester score.  

The students participated in an online group discussion 

in the 8th week of the semester. A total of 90 students 

formed 30 discussion groups of three members each 

through self-selection based on their working familiarity 

with each other based on previous class discussions. The 

30 discussion groups were randomly assigned to two 

experimental groups (informative feedback group and 

turn taking group) and one control group. Each treatment 

group was assigned 10 discussion groups. The 

experimental design used (see Table 1) was adopted from 

[66]. 

Table 1. Experimental Design showing groups, treatments and 

observations 

Group Treatment Posttest 

Experimental Group 1 X1 – Use of turn taking O1 

Experimental Group 2 X2 – Use of informative 

feedback 

O2 

Control Group  O3 

 

The difference in the treatment groups was due to the 

type of facilitated participation technique used by the 

students in each group during collaborative learning. 

Each of the facilitation was enabled or disabled 

depending on the specific needs for each treatment group. 

Treatment 1: The members of this group used 

informative feedback for the facilitated group 

participation.  

Treatment 2: The members of this group used turn 

taking as the technique for facilitating group participation.  

Treatment 3: This was the control group where the 

participants were not required to use either the turn taking 

facilitation or the informative feedback support. Both the 

informative feedback and turn taking facilitations were 

disabled.  

Each discussion group was provided with an ill-

structured group problem in the online group discussion 

posted within the collaborative m-learning application. 

All the contributions made by each group when solving 

the group problem were stored in the application’s server. 

All the group discussions took place simultaneously for a 

period of one week. However, no discussion group could 

view the discussion contents of the other groups. 

B. Experiment 2 - Use of regulated Group Cognitive 

Conflicts on Group Knowledge Construction 

This experiment was conducted using students from a 

local university in Kenya. The students were taught  a 

subject ‘Design and Analysis of Algorithms’ in a 14-

week semester. A total of 30 participants took part in the 

experimental study. After being registered to use the 

application for accessing their lecture notes, the students 

took part in three online discussions from the 6th week. 

The participants were placed into discussion groups of 

three members each through self-selection. The 

discussion groups were randomly assigned to the two 

experimental groups and one control group in the first 

online discussion. In the second online discussion, each 

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. The experiment used multiple treatment 

design. The treatment conditions are as follows: 

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.  

Each discussion group participated in three discussions 

by solving three ill-structured problems for each of the 

three treatment conditions. One-week duration was 

observed between each online discussion. The posted 

messages were saved in the application’s server. 

 

V.  RESULTS 

These results are presented according to each 

experiment. 

A. Results for Experiment 1 

A total of 364 messages were posted by 90 students 

who participated in the online group discussion. To 

facilitate analysis, the posted text messages were 

exported to Excel. The data was then sorted using 

groupID (identifier for discussion group) and then by 

Time Created (time the message was posted). The posted 

messages were categorized into different knowledge level 

codes by two independent coders using the Content 

Analysis Tool adopted from [67]. According to this tool, 
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each contribution is ranked depending on its contribution 

to the discussion using an evaluation criterion. The inter-

rater agreement’s Kappa value for the posted messages 

was 0.723. A value between 0.61 and 0.80 is a substantial 

agreement while one between 0.81 and 1.00 is almost 

perfect agreement [68]. A third rater was involved in 

categorizing the messages where the two raters did not 

agree. A consensus was reached by the three coders in 

cases where two of the three coders did not agree. 

The mean levels of knowledge construction for each 

discussion group were calculated using the assigned 

values by the raters. Those mean levels of knowledge 

construction were used for further analysis in this 

experiment. 

According to Table 2 the control group registered a 

lower mean value (6.91) than that of both the informative 

feedback group (8.36) and turn taking group (8.56). The 

level of knowledge construction for the control group 

ranges from 5.24 to 8.30 compared to the ones for 

informative feedback group (7.16 to 10.00) and turn 

taking group (7.88 to 9.83). 

Table 2. Means and variances for facilitated group participation 

 

N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for 

Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

1 10 6.91 0.94 0.30 6.23 7.58 5.24 8.30 

2 10 8.36 1.00 0.32 7.65 9.07 7.16 10.00 

3 10 8.56 0.67 0.21 8.08 9.03 7.88 9.83 

Total 30 7.94 1.13 0.20 7.52 8.36 5.24 10.00 

 

A significant difference was noted in the level of 

knowledge construction between the control group (1) 

and the informative feedback group (2) (p = 0.003) and 

between the control group and the turn taking group (p = 

0.001) (see Table 3).  The level of knowledge 

construction was statistically significantly higher when 

using the facilitations for informative feedback (at a level 

of 8.36 ± 0.32, p = 0.003) and turn taking (8.56 ± 0.21) 

compared to the control group (neither turn taking nor 

informative feedback) (at a level of 6.90 ± 0.30). 

Table 3. Multiple Comparisons for the treatment groups 

(I) 

Facilitation 

(J) 

Facilitation 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

1 2 -1.45* 0.39 0.003 -2.43 -0.48 

3 -1.65* 0.39 0.001 -2.63 -0.67 

2 1 1.45* 0.39 0.003 0.48 2.43 

3 -0.20 0.39 0.871 -1.17 0.78 

3 1 1.65* 0.39 0.001 0.67 2.63 

2 0.20 0.39 0.871 -0.78 1.17 

* The mean difference is significant at the 0.05 level. 

B. Results for Experiment 2 

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 [67], an inter-rater agreement of 0.726 was 

achieved. A consensus was applied where two of the 

three coders did not agree. The average level of group 

knowledge construction was calculated for each group. 

The mean group level of knowledge construction for 

the guided negotiation group (2) and role playing group 

(3) was higher than the one for the control group (1). 

Table 4 shows that the mean for the control group is 

5.0001 being lower than those for both the Guided 

Negotiation (7.54) and Role Playing (6.72).  

Table 4. Descriptive Statistics 

 Mean Std. Deviation N 

Control 5.00 2.64347 10 

Guided Negotiation 7.54 2.28883 10 

Role Playing 6.72 1.70702 10 

 

A repeated measures ANOVA was done on the 

messages posted during the discussion. Mauchly’s test 

was done to check the sphericity condition. As shown in 

Table 5, the variances of the ‘between levels of 

knowledge construction’ were not significant 

(significance value is 0.764 which is above 0.05).  

Table 5. Maulchy’s Test of Sphericity 

Within 

Subjects 

Effect 

Mauchly's 

W 

Approx. 

Chi-

Square 

df Sig. Epsilona 

Greenhouse-

Geisser 

Huynh-

Feldt 

Lower-

bound 

Facilitatio

n 

.935 .539 2 .764 .939 1.000 .500 

 

The lack of significant differences in Table 5 indicates 

that the assumption of sphericity was not violated. With 

sphericity not violated, Table 6 was used to further 

indicate a significant difference in the level of knowledge 

construction in the three treatment groups (F = 13.65, p < 

0.01).  

Table 6. Tests of Within-Subjects Effects 

Source 

Type 

III Sum 

of 

Squares 

df Mean 

Square 

F Sig. 

Facilitation Sphericity 

Assumed 

63.13 2 31.57 13.65 .000 

Greenhouse-

Geisser 

63.13 1.88 33.62 13.65 .000 

Huynh-Feldt 63.13 2.00 31.57 13.65 .000 

Lower-bound 63.13 1.00 63.13 13.65 .005 

Error(Facilitation)  Sphericity 

Assumed 

41.62 18 2.31 
  

Greenhouse-

Geisser 

41.62 16.90 2.46 
  

Huynh-Feldt 41.62 18.00 2.31   

Lower-bound 41.62 9.00 4.62   

 

From Table 7, the estimated marginal mean for the 

control group is 4.59 ± 0.48, the one for Guided 

Negotiation is 7.95 ± 0.56 and the mean for Role Playing 

is 7.27 ± 0.42. 
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Table 7. Estimated marginal means 

Facilitation Mean Std. Error 95% Confidence Interval 

Lower Bound Upper Bound 

1 4.59 0.48 3.51 5.66 

2 7.95 0.56 6.70 9.219 

3 7.27 0.42 6.30 8.22 

 

VI.  CONCLUSION AND FUTURE WORK 

The analysis of the relationships between the 

independent variable for facilitating group interactions 

(with two levels – facilitated group participation and 

regulated group cognitive conflicts) and the dependent 

variable knowledge construction showed evidence of 

what might make mobile learning management systems 

to be more helpful to the group learners. 

Based on experiment 1, it can be concluded that 

facilitated group participation improves the level of group 

knowledge construction. The use of both turn taking and 

informative feedback facilities resulted to improved 

levels of knowledge construction. The successful 

implementation of facilitations for group participation 

using intelligent agents in Moodle Learning Management 

systems suggest that collaborative mobile learning can be 

improved in terms of group participation and 

consequently improving group knowledge construction.  

From the results of experiment 2, 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. Table 7 gives 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. 

The Architecture works well for collaborative mobile 

learning based on Moodle Learning Management System. 

While there is room for improving this architecture, we 

will also consider implementing it on other mobile 

learning platforms. Also the architecture may be modified 

to capture the aspect of agents working together by 

sharing their information to improve the learning effect 

on collaborative platforms. 
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