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ABSTRACT

Performances of the students in learning a programming course is not same, since learning to program is
greatly influenced by two dominating factors namely self-efficacy and mental efforts. Prior research efforts have
shown that high self-efficacy can have an increased effect of being a trained programmer, especially in an
intelligent agent based pair programming system. The main objective of this work is to increase the self-efficacy
of the students by providing prior-learning experiences. This experience is facilitated by recommendation
agents that provide suitable E-Learning programming course contents based on identifying their individual
learning styles which can be used as a factor of prior self-learning computing experience. This helps in
increasing the programming abilities when learning in an agent-based pair programming environment
subsequently. Moreover, the proposed system analyzes the educational effects of the students learning using
pair programming agents based on increased self-efficacy.

Keywords: E-Learning, Pair programming, Self-Efficacy, Learning Styles, E-Learning content,
Recommendation Agents

1.0 INTRODUCTION

Several factors affect the performance in learning a programming course [1] and research is under progress to
identify why most of the students drop out from learning the programming courses. Learning a programming
course is comparatively difficult than learning any other course in E-learning since, programming knowledge
requires cognitive abilities, logical thinking and mastering the abstract concepts [2], [S1], [58]. Therefore, this
situation is a significant problem in the field of Computer Science and Engineering. There are several studies
which address these problems by providing many methods of educational systems as indicated in Table 1. Prior
research has shown that effective factors like improving self-efficacy and good metal effort can increase the
performance of the students, especially when learning a programming course [3], [57].

Table 1 Different Types of Educational Systems

Types of Educational Related Work -
Systems Aunthors and Year of Publication
Offline systems M. Bari and B. Lavoie (2007), N.P.Pearson and
A.C.Graesser (2006), K. Han et al (2010)
Web-based systems D. Palmieri (2002), H. Teno (2000), P. Woods

and J . Warren (1995), H. J. 8. de Azevedo and
E. E. Scalabrin (2005)

Intelligent systems V. Devedzic (2004), E. Sklar and D, Richards
(2006), N. D .Fleming (2001)
Adaptive system G. W. Dekker ot al (2009), R. E .Boyatzis, & D.
A .Holb (1997), J. Cohen [1998)
Performance D. Martinez (2001), N. Myller et al (2002), G.
Evaluations Chen et al (2000)
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Several factors influence the success of novice programmers namely Prior Computing Experiences [4-5], E-
Learning [6], Computer Entertainment during Training [7], Self-Efficacy [8], knowledge management [50],
Collaborative learning Environments [9], [55 — 56], Learning Styles [10-12], [54] and Students Mental Effort
[13-14], [57]. Among the above mentioned factors, providing a collaborated learning environment with
increased self-efficacy of the students is the main focus of this work which leads to the success of the students in
learning programming courses [48].

Pair programming is a term used in learning environments where two programmers work together at one
workstation on the same design, algorithm or code [15], [49], [56]. Since, at least two people are involved, this
is a form of collaborating learning environment. This kind of collaboration is found beneficial to the students
especially when learning a programming course. Mastering a programming course requires greater effort
provided by the students in addition to several cognitive factors like mental effort, self-efficacy and pre-training
[16].

Self-efficacy is a key component in learning activities for learning involves more than just acquiring skills.
Bandura [17] defines self-efficacy as people’s own judgment of their capabilities to organize and execute the
courses of actions required to achieve a specific goal. Educational researchers recognize that, because skills and
self-beliefs are so intertwined, one way of improving student performance is to improve student self-efficacy
[18]. Attempts have also been made, with some success, to increase self-efficacy in learning by peer modeling
of tasks, verbal persuasion, or other types of social influences, such as cooperative learning environments [17 —
20], [54]. Persons who possess higher self-efficacy belief show more effort and resistance for completing tasks
and therefore have better and more effective task-fulfillment compared with individuals who have weak self-
efficacy [20]. However, increasing the self-efficacy by the above methodologies is found to be inefficient for the
students learning through the web. According to Bandura's theory, self-efficacy belief is under the influence of
the following elements:

v’ Personal experience which leads to success or failure

v Observing the behavior of the model, the substitute, or the Example

v Vocal encouragement

v Considering the physiological conditions

In such a scenario, the self-efficacy of the students can be increased if they are allowed to judge their own
abilities, before they could pair to learn with appropriate agents to master a programming course. Moreover, as
analyzed before the students could outperform well in learning a programming course, if they had prior
programming experience by learning the basic concepts [21]. This is achieved, by allowing the students to self-
learn the E-contents from E-Learning servers based on their choice of learning materials available in different
formats namely documents, audio and video lectures. This increases the level of self-efficacy because the target
students acquire some basic knowledge about the programming course. A considerable increase in the self-
efficacy can make them to outperform well in the subsequent learning with peer-learning agents in a Pair
Programming strategy [16]. The main objective of the proposed system is to increase the self-efficacy of the
students by allowing them to self-learn using recommended E-Learning contents based on their learning styles
and then master the programming course using peer-learning agents in a Pair Programming strategy.

The rest of the paper is organized as follows. Section 2 provides a summary of the related work in Intelligent
Tutoring Systems. Section 3 depicts the proposed system architecture. Section 4 presents the working of the
architectural components. Section 5 provides the methodology of implementation. Section 6 details the
experimental results and the subsequent discussions. Section 7 provides the concluding remarks with some of
the references provided at the end.

2.0 RELATED WORK

The traditional offline educational system is neither intelligent nor adaptive in nature [22]. In such systems, the
instructional materials are delivered to the students through dialogues and interactions. The next era of
educational system is intelligent tutoring systems. In these systems, the face-to-face interactions are replaced by
e-mails, chats and online discussion forums. Several Artificial Intelligence techniques are used in such systems
to provide personalized teaching and learning process [23], [53], [57].

An agent-based learning system can be used in tutoring systems to provide assistance and to monitor the
performance of those students [24], [52]. Animated pedagogical agents interact with students in a manner that

88

Malaysian Journal of Computer Science. Vol. 26(2), 2013



Intelligent Agent Based Pair Programming and Increased Self-Efficacy through Prior-Learning for Enhanced Learning Performance. pp 87-100

closely resembles face-to-face collaborative learning [25]. Successful Collaborative learning approaches have
five critical attributes namely a common task, small group learning, cooperative behavior, interdependence and
individual accountability [26]. Prior researches have shown that pair programming when used as a collaborative
learning positively affects student knowledge retention and knowledge transfer [27]. In such an environment,
knowledge transfer is achieved by switching roles between a student and an agent. Interactive teaching and
learning by a student and an agent achieves better performance in learning a programming course. Among the
several merits of pair programming, there are some demerits listed in the study. One of the main drawbacks is
that when students try to master a particular programming course from the scratch, the effect of self-efficacy of
the students plays a major role. In such a scenario, it is very mandated to increase the self-efficacy of the
students and this is achieved by making them to self-learn using suitable E-Learning contents in E-Learning
servers based on their learning styles.

The INTELLITUTOR system attempts to teach novice Pascal and C programmers as a human programming
tutor [28]. The system is capable of detecting logical errors and provides the types and location of bugs in the
form of feedbacks. However, the system is not capable of understanding the students’ self-efficacy which helps

in determining their success and failure rate.

RAPTIS is an intelligent programming tutor system that teaches Pascal looping concepts [29]. This system is
adaptive in nature where a variety of teaching strategies are employed and the strategies could be changed
according to the students’ history. However, this system does not aim to increase the self-efficacy of the
students. Increasing the self-efficacy might be a permanent solution for an effective teaching-learning
methodology.

The agents developed by Silva de Azevedo and Scalabrin require other agents or humans to support
collaborative learning [30]. The roles defined by their agents are to help a human perform innovative tasks, to
support dynamic interactions with students and to act as a teacher with clear and objective information about the
students. In the midst of these, the agents fail to understand the students’ capabilities to perform a task
effectively and to increase their capabilities during teaching and learning.

Pedagogical agents can be designed for personalization and adaptive. Pearson et al developed pedagogical
agents that facilitate students learning by supporting collaborative, interactive and investigative learning in web-
based learning technologies [25]. The agents in these systems merely guide a learner through a lesson using
computer-assisted interactions. However, these agents have responsibilities in neither determining their self-
efficacy nor increasing it.

Agents developed by Devedzic facilitate students’ motivation and provides adaptive feedbacks in E-Learning
environments [31]. They are designed in such a way to assist the learning process in different domains. But,
these agents could not increase the students’ self-efficacy in terms of identifying their learning styles.

Three types of agents namely pedagogical, peer-learning and demonstrating agents help to assist the human
learners which were developed by Sklar et al [32]. Pedagogical agents interact with a learner and monitors the
students performance indirectly which helps to understand the student and provides feedbacks. Peer-Learning
agents acts like peers and are interactive partners but are less engineered than pedagogical agents.
Demonstrating agents are agent-based simulations or educational robotics and act like interactive mediums for
learning. However, this system could be enhanced by introducing new kinds of agents which could identify the
students’ self-efficacy through the prediction of learning styles. Moreover, it could be increased by providing
suitable E-Learning contents as a pre-requisite for learning with peer-learning agents. The peer-learning agents
developed by Han et al [16] provide more positive impact on students achievements and their self-efficacy. The
determined self-efficacy is not found to be increased by offering suitable E-Learning contents for pre-tutoring to
the students based on their learning styles.

Han et al [26] developed an agent system and analyzed the educational effects of a peer-learning agent based on
pair programming strategy. In this system, the agents and the students switched their roles of ‘learning by doing’
and ‘learning by teaching’. This system attempted to enhance their learning through the use of the peer-learning
agents. In this system, the students are judged for their capabilities by making the student to study the basic
concepts of programming with the peer agents and appearing for a pre-test. In such a scenario, the psychological
level of the learners is not well balanced since the learning styles of the learners vary from one individual to
another. The success of the E-Learning system may degrade if a similar kind of E-contents is provided to all the
students. The students can learn the basics of programming courses from the E-contents based on their choices
namely documents, audio and video. This kind of E-contents provision can increase their self-efficacy and the
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students can now learn with the help of peer-learning agents to master the programming course. Table 2
provides the summary of the related works discussed based on the impact of self-efficacy.

Table 2. Summary of Related Works of Agents based on Self-Efficacy

Agent System Proposed Agents Participation in addressing
Year Self-Efficacy
INTELLITUTOR 2000 * Not addressed
RAPTIS 1995 = Students past history is identified for content
delivery
Silva de Azevedo and Scalabrin 2005 s gelf-efficacy is addressed in the form
t
agents collaborative learning
= But failed to increase it
Pedagogical agents 2006 = Not addressed
Devedzic agents = provides motivation in the form of feedbacks
= But failed to increase it
Pedagogical, Peer-learning and 2004 ® Not addressed
demonstrating agents
Han et al agents 2007 s students achievements are monitored
Han et al agents 2010 e Self-efficacy in addressed in the form of
providing collaborative teaching and learning
using peer-learning agents
= Does not handle about increasing self-efficacy to
enhance the performances
Proposed Agent system 2012 s Self-efficacy is identified through predicting the

students learning styles

s Algo aims at increasing the self-efficacy by
recommending suitable E-contents to self-learn
to increase the performance of them when

learning with peer-learning agents subsequently

From the discussions made on the intelligent tutoring systems, it is identified that increasing the self-efficacy
can enhance the performance of the students in E-Learning of programming courses. This paper analyzes in
increasing the self-efficacy of the students by identifying their learning styles. Identifying the learning styles of
the students can help in facilitating them with suitable recommendations on E-contents available in E-Learning
servers. Moreover, Flemming VAK learning style model is used in identifying the learning styles of the students
[33]. After identifying their learning styles, they are recommended with suitable E-contents based on their
choice of learning. This helps them to self-learn the basic concepts of C programming course. Self-learning the
basic concepts of C programming language helps in better collaborative learning with peer-learning agents
which helps in mastering the programming course.
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3.0 PROPOSED SYSTEM ARCHITECTURE

The use of the Internet in education has provided a new revolution known as E-Learning or web-based learning
[34]. In spite of all the important contributions provided by various researchers in the area E-Learning described
in Table 1, it will be useful if machine learning techniques are used to further improve the self-efficacy of the
students involved in learning. Moreover, it is proved that the exchange of roles and the meaningful feedback
between the peer-learning agent and the student have a positive effect on learning [16, 26]. Moreover, the peer-
learning agents enhance the effect of learning by determining the students’ level of understanding. However,
increasing the self-efficacy of the students can still enhance the performance of the students [3]. Prior literatures
have suggested several factors of increasing the self-efficacy of the students in terms of providing previous
computing experiences through short lectures or self-learning, computer entertainment during training,
motivations, learning styles and assessing the students mental model during learning. This paper focuses on the
recommendations of suitable E-Learning contents available in E-Learning servers to self-learn. This is done in
order to facilitate the students with previous computing experiences to understand the basic concepts in a
particular programming course. Moreover, suitable E-Learning contents are provided based on identifying their
learning styles using Flemming VAK learning style model [33]. Subsequently, the students are paired with peer-
learning agents for mastering the programming courses. The students are assessed for their performances during
self-learning and learning with peer-learning agents. The proposed system architecture is shown in Fig.1.
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Fig.1. Proposed System Architecture

4.0 ARCHITECTURE WORKING COMPONENTS
4.1 Learning Style Identification

The students involved in E-Learning develop high interest in learning web contents posted in any E-Learning
servers. A wide variety of E-Learning servers are available like Moodle, MediaWiki and Joomla. We used
MediaWiki server for testing the proposed system. The students are identified for their individual learning styles
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based on Flemming VAK learning style model inventory [33]. According to the model, the students were
categorized for three types of learning which are defined below.
v' Visual — People with a visual learning style have a preference for seeing or observed things,
including pictures, diagrams, demonstrations, displays, handouts, films and flip charts.
v" Auditory — People with an auditory learning style have a preference for the transfer of information
through listening to the spoken word, self or others, sounds and noises.
v Kinaesthetic — People with a kinaesthetic learning style have a preference for physical experience of
touching, feeling, holding, doing and practical hands-on experiences.

The target course of learning in this work is C programming language. The C programming language contents
are posted in various formats like documents, audio files and video lectures. These contents are made available
in MediaWiki E-Learning server. The students are now analyzed for their learning styles using Flemming VAK
learning style questionnaires. These questionnaires are evaluated to classify the students into three kinds of
students having specific learning styles namely visual, auditory and kinaesthetic. In such a scenario, the
recommendation agents available in the system can provide some recommendations to the students on the
choice of E-learning contents for self study based on their learning styles. For instance, students with visual
learning styles can be recommended to learn the basic concepts of C programming language available in video
lectures, students with an auditory learning style can be recommended to learn C programming available in
audio lectures and students with kinaesthetic learning styles can be recommended to learn the same available in
documents and exe files for hands-on experiences.

4.2  Self-Learning

The students after proper authentication are allowed to access the E-Learning server for any type of contents to
learn C programming language. The students can access any type of contents like documents, audio and video
lectures.

Pair Programming
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= N T -
#include<scdio.h> [ | Understood

#include<conio.h>
main{)

i | Previous Program

int num, sum—=0, temp, rem;?
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T3 ETT34173=371

header files
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conio.h — console input/foutput library
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4] il 3

Fig.2. Agent Platform Window: Student : Tutee, Agent : Tutor

Since, the students are provided with a variety of contents, they can be given some kind of recommendations to
learn a particular content so that their self-efficacy can be increased. This is evident from the results presented in
section 6 where the students’ performance of mean value is higher than the students with no prior knowledge of
their self-efficacy. In connection to this, they are suggested for a specific content of C programming course
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based on their identified learning styles. The students are given 4 weeks of time in order to learn the basic
concepts of C programming language like data types, identifiers, operators and looping statements. After 4
weeks of self-learning, the students gain some knowledge of the basic concepts of C language. This helps in
improved self-efficacy in order to master C programming language course. The students can be tested for their
learning experiences, but however, this test is not treated to be mandatory.

4.3 Learning with Peer-Learning Agents

The students have some basic knowledge about the C programming language course. This aids in increasing
their self-efficacy, since they have been given pre computing experiences of learning contents based on the
identified learning styles. The peer-learning agents and the students switch between the roles of tutor and tutee.
Since, the students have obtained the basic knowledge about C programming language, they learn with the peer-
learning agents on advanced programming. We tested our proposed system for teaching and learning C
programs like Armstrong number, Factorial number and the Fibonacci series. The students initiate the system by
providing the logic of the program and the peer-learning agent helps the students in writing the syntactically
correct program. In this case, the student assumes the role of tutee and the agent assumes the role of a tutor. For
the next time, the peer-learning agents explain the logic of the code to the students and they teach the agents in
writing the syntactically correct program. In this case, the students and agents assume the roles of tutor and tutee
respectively. In this kind of mechanism, the students and the agents alternate the roles of tutor and tutee and
master the C programming language course. This teaching-learning process is done for 4 weeks of time as given
for self-learning. After 4 weeks of time, the students are again assessed for their performances using a test
consisting of multiple-choice questions. Their performances are evaluated for comparison. Fig.2 depicts the
snapshot of the agent window when the students’ acts as a tutee and the agents’ acts like a tutor. Fig.3 shows the
screenshot of the agent platform window when the agent acts like a tutee and the student acting like a tutor.

5.0 METHODOLOGY

This study sought to determine the impact of giving prior-learning experiences by providing suitable E-Learning
contents based on their learning styles was beneficial to the students for subsequent learning with peer-learning
agents. The self-efficacy of the students is judged by their learning styles [35]. This efficacy is increased by
providing suitable E-contents to the students for self-learning based on their learning styles. The system was
evaluated using 86 students from four Engineering Departments of Anna University and this is given by the
variable ‘N’ in Tables 3 and 4.

All these students were interested in learning C programming language course. Forty-three students from two
departments were assigned to a group called prior-learned group, where these students were provided with self-
learning E-contents recommended based on their learning styles. The remaining 43 students from the other two
departments were assigned to a group called experimental group. The prior-learned the group had a self-learning
experience through recommended learning using E-contents posted by E-learning servers based on their learning
styles. The experimental group did not have self-learning experience and had no choice of assessing their self-
efficacy and learnt C programming language directly using peer-learning agents. The performance assessments
of both the groups were tested for knowledge retention and knowledge transfer, eight questions for each of the
categories. The pre test and post test consisted of 16 questions (8 on retention and 8 on transfer) which were
reviewed for effectiveness by a professor of Anna University considered as the domain expert in the C
programming language course.
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6.0 RESULTS AND DISCUSSIONS

6.1 Learning Styles Identification

The students are varied in nature and the same kind of E-content delivery will not have any impact on
subsequent learning. Their self-efficacy is judged using their learning styles identification. It is a proven fact
that increasing the self-efficacy helps in creating a positive atmosphere in learning which increases the
performance of the students exponentially. The proposed system aims at increasing the self-efficacy of the
students by providing suitable C programming E-contents available in documents, audio and video lectures in
MediaWiki E-learning server. The learning styles are identified using Flemming VAK learning style inventory
questionnaires. Subsequent to the identification of learning styles, they are recommended to learn the E-contents
available in E-learning servers based on their learning styles. This increases the self-efficacy of the students
substantially which helps in mastering the C programming course when learning with peer-learning agents
subsequently.

Fig.4 depicts the screen shot of the recommendation agent available in the system showing recommendations on
the E-contents available in E-Learning servers based on their learning styles which increases their self efficacy.
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6.2 Pre-Test

The system conducted a pre-test for both self-learned group and experimental group. This test was conducted to
see if the two groups were homogeneous in terms of the levels of achievement. The test consisted of 16
questions (8 on knowledge retention and 8 on knowledge transfer). The t-test results of the pre-test are shown in
Table 3. The results found in Table 3 indicate that the groups had some significant differences in their
performances. But according to the results of the pre-test on retention and transfer, there was no statistically
much difference between the self-learned group and the experimental group and the difference is found to be
greater than 0.05.

6.3 Post-Test

After 8 weeks of time for teaching and learning C programming language course using self-learning and peer-
learning agent strategy, the students are evaluated for their performances. The test consisted of questionnaires as
done earlier. Now, the groups are separated widely. The self-learned the group had pre-learning experience for 4
weeks of time using the recommended E-contents available in E-Learning servers based on their learning styles.
They underwent paired programming learning strategy with peer-learning agents for another 4 weeks of time.
However, the experimental group learnt with the peer-learning agents for 8 weeks of time without having a pre-
learning experience. Both the groups are evaluated using a test of 16 questions (8 on knowledge on retention and
8 on transfer). The t-test results of the post-test are shown in Table 4. According to the results shown in Table 4,
there was a large difference which is statistically significant between the prior-learned and experimental groups
and the values are found to be less than 0.05. The statistical difference for Knowledge Retention between prior-
learned group and experimental group is 0.0035 and the statistical difference for Knowledge Transfer between
the same groups is 0.0006. Moreover, it is also evident from Table 4 that, the mean scores of the prior-learned
group is greater than the experimental group. Students who had a self-learning experience using the
recommended E-contents from E-Learning servers based on their learning styles had very high performance
results compared to the students who directly learnt with the peer-learning agents using a pair programming
strategy. The results of Table 4 indicate that increased self-efficacy of the students along with pair programming
strategy using peer-learning agents had a positive effect on knowledge retention and transfer in C programming
language.
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Table 3. Pre-test Evaluations on the metrics of Knowledge retention and transfer using t-test

Metrics Group N Mean Standard t-test values | Significant
Deviation difference
Knowledge Prior-Leamned 43 5650 2560 19215 0416
Retention Experimental 43 55.50 2532
Knowledge Prior-Leamned 43 50.80 16.07 0.7385 0.542
Transfer Experimental 43 50.40 16.67

Table 4. Post-test Evaluations on the metrics of Knowledge retention and transfer using t-test

Metrics Name of the Groups N Mean Standard | t-test values | Significant
Deviation difference
Knowledge Prior-Learned 43 76.10 1794 39489 0.0034
Retention Experimental 43 69.70 1493
Knowledge Prior-Learned 43 88.30 3Tl 3.1604 0.0006
Transfer Experimental 43 66.40 12.95

6.4 Discussions

It has been proved by Han et al [26] that the students learning with peer learning agents performed well than the
student learning with traditional agents. However, we have enhanced the works done by Han et al and proved in
this paper that the performance of the students is evaluated by considering the self-efficacy of the students in
terms of providing self-learning experiences. In this paper, the self-efficacy of the students is judged by
identifying their learning styles. The self-efficacy of the individual students is increased by recommending
suitable E-contents available in E-learning servers namely documents, audio and video lectures based on their
learning styles. This kind of recommendation facilitates the students in pre-learning experiences. Subsequently,
the students learn with peer-learning agents using a pair programming strategy. Learning with peer-learning
agents are a form of collaborative learning where the student and the agent can alternate the roles of a tutor and
a tutee. In this case, pair programming is used as a teaching-learning strategy. Hence, such exchange of ideas
between the student and the agent can have a positive effect on teaching and learning. Moreover, the students
have increased self-efficacy of having pre-learning experience based on their choice of E-contents. According to
Cohen [36], the effect size of retention was 0.38, which is a medium effect size, whereas the effect size of
transfer was 0.79, which is significant. The table indicates that the effect size of transfer exceeded that of
retention. The proposed E-learning system was found to have a positive effect on teaching and learning
strategies. Moreover, it is evident from Table 4 that prior learned group did extremely well compared to the
experimental group in post test, since the prior learned group consisted of students who had self-learning
experience on the basic concepts of C programming language using the recommended E-contents available in E-
Learning servers based on their learning styles.

7.0 CONCLUSION

This paper focuses on the impact of self-efficacy of the students which plays a key role in performance
enhancement in E-Learning environments. Self-efficacy has been addressed by identifying the learning styles of
the students using Flemming VAK learning style model. In addition, the self-efficacy is also increased by
making the students to self-learn the recommended E-contents available in MediaWiki E-learning servers. It is
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observed that, students learning in a Pair Programming strategy using peer-learning agents after self-learning
through E-contents which are recommended to them based on their learning styles perform better than students
paired directly with peer-learning agents. Further works in this direction involve the incorporation of varied
teaching and learning formats namely documents, audio and video lectures.
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