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Abstract

In Science, Technology, Engineering and Mathematics (STEM), Mathematics is the fundamental core of all three subjects of
Science, Technology, and Engineering in attaining precision. Hence, Mathematics is known to be the primary gateway to STEM.
However, there is a phenomenon known as mathematics anxiety which has caused the drop-in performance of students in
Mathematics and caused them to opt out the choices in pursuing STEM majors and careers. With the advanced development of
technology, animated learning agent can be used to provide anxiety treatment messages to students when they are learning
mathematics in computer-based virtual learning environment. The purpose of this study is to propose a framework of an
animated learning agent which will provide anxiety treatment messages of the appropriate type and amount of anxiety
treatment messages to students based on their prior mathematics anxiety levels and effectively alleviate their mathematics
anxiety. This is because students with different levels of prior mathematics anxiety level will react differently to different type
of messages and number of messages provided. It is hoped that this study will be significant for researchers, educators and
system developers to identify the type and amount of anxiety treatment messages that should be provided on effectively
alleviate students’ mathematics anxiety.
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INTRODUCTION

In this globalization era where science and technology play an important role in our daily life and nation’s economy. Science, Technology, Engineering and
Mathematics (STEM) education has been an important agenda to many countries. Many efforts are in place on improving STEM education and specifically in
Mathematics that is known to be the fundamental core of all three subjects of Science, Technology, and Engineering in attaining precision. Mathematics is known
to be the primary gateway to STEM fields. According to international assessment TIMSS 2015 and PISA 2015, Malaysia’s performance in mathematics is not
satisfying and has brought about the interest among academics, politicians, and stakeholders. As shown in Table 1, in TIMSS 2015, the sixth study results showed
that there is a trend of downward in performance of Malaysia since 1999 when Malaysia first participated. In 1999, Malaysia was ranked 16th had dropped to 26th
in 2011. The achievement is then improved with an increase of 25 points from 2011 and made it to the rank of 18th (Mullis, I. V.et al., 2012). Table 2 showed that
since Malaysia first participated in PISA in 2009, the achievement in mathematics score are increasing gradually but is still below the global average score. The
efforts made are reported to be focused merely on innovating the teaching and learning of mathematics overlooking the important role of mathematics anxiety
plays in mathematics success and STEM engagement. Mathematics anxiety is a psychological factor that affects mathematics achievement and eventually causes
students to lose interest in pursuing STEM majors and careers (Zakaria et al., 2012). Recently, research in psychology, education, and neuroscience on
mathematics anxiety found that collaboration of psychology and education with technology has unveiled effective techniques on reducing mathematics anxiety and
improve mathematics performance (Beilock & Maloney, 2015).

Table 1: Ranking of Malaysia in TIMSS
1999 2003 2007 2011 2015

Scores 519 508 474 440 465
Rank in 16" 10® 20" 26" 18"
TIMSS

Table 2: Global Average Score and Ranking of Malaysia in PISA

2009 2012 2015
Mathematics 404 421 446
Global Average Score 496 494 490

LITERATURE REVIEW
Mathematics Anxiety
Mathematics anxiety is first discovered in the late 1950s by Dreger and Aiken and originally named as “emotional reactions syndrome shown to mathematics and
arithmetic” (Dreger, R. M., & Aiken, 1957). Since then it is studied as a new concept where researchers began to study the concept of students capable of success
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in mathematics are not related intelligence but hindrance of mental. Tobias has stated that it was not the lack of ability but is the anxiety that affect an individual’s
mathematics performance (Tobias, 1993). The most commonly used definition of mathematics anxiety is by Richardson and Suinn. They defined mathematics
anxiety as “feelings of tension and anxiety that interfere with the manipulation of mathematical problems in a wide variety of ordinary life and academic
situations” (Richardson & Suinn, 1972).

Mathematics anxiety consists of two dimensions which are the affective dimension and cognitive dimension, similar to the findings of study in the area of test
anxiety. The affective dimension refers to nervousness and tension in testing situations and respective autonomic reactions, labelled as “emotionality” while
cognitive dimension refers to concern about one’s performance and the consequences of failure, labelled as “worry” (Liebert & Morris, 1967). Regarding to this,
Im and Shen had described affective mathematics anxiety as the feelings of nervousness, tension and fear on mathematics while cognitive mathematics anxiety as
the negative expectancy of doing well in mathematics (Im, 2012; Shen, 2010). Besides the dual dimension of mathematics anxiety, mathematics anxiety is also
being grouped into three different levels which are low, medium, and high (Wei, 2010). Research had found that high performing students have low mathematics
anxiety whereas low performing students tend to have higher level of mathematics anxiety.

Figure 1: Mathematics Anxiety's Dimension and Level

Affective

Mathematics
Anxiety

Intervention

In recent years, with the thorough understanding of the antecedents of mathematics anxiety and how it may affect an individual daily life and on students’
mathematics achievement, many interventions are being designed to help reducing mathematics anxiety in traditional classroom settings. Hadfield and McNeil had
divided the causes of mathematics anxiety into three areas: environmental, intellectual and personality factors (Hadfield, Oakley D. & McNeil, 1994). These
different factors had led to the mismatched teaching-learning styles that caused student to self-doubt and lost and most students tends to be reluctance to ask
questions as they feel ashamed to ask in front of their classmates. Hembree had categorized the interventions into three different groups which is classroom
intervention, behavioural, and cognitive. From his study, the result showed that classroom intervention does not have any effect on alleviating mathematics anxiety
while cognitive restructuring has moderate effects and intervention of type behavioural had strong effects in alleviating mathematics anxiety. Over and above,
Hembree also found that the combination of both treatment of type cognitive and behavioural, the effects on mathematics was increased more as compared to
behavioural which has strong effect in alleviating mathematics anxiety. This showed that the mixed use of two types of interventions effectively helped to alleviate
both affective and cognitive dimension of mathematics anxiety (Hembree, 1990). All the interventions proposed were to help students to generate positive feelings
towards mathematics. With the advanced technology nowadays, researchers and educators had turned their attentions on using technology to help alleviating
students’ mathematics anxiety by providing a good learning experience in computer-based learning environment. Several studies are being conducted on
simulating the proposed interventions in computer-based learning environment by using animated learning agent. Shen and Im had carried their study on
alleviating different dimension of mathematics anxiety using learning agent (Im, 2012; Shen, 2010).

Animated Learning Agent

Animated learning agent is a life-like character used as cognition tools to support student’s learning by interacting with them. It provides sophisticated, real-time
problem solving advice with strong visual appeal that make learning more engaging and affective (Ahmed, 2005). Animated learning agents were being built
based on the research areas of knowledge-based learning environments and animated interface agents. Knowledge-based learning environments are the virtual
learning environments that provide personalized learning structures based on students’ preferences to adapt their needs by using artificial intelligence. While
animated interface agents are the visualized animated character which interact with students in the virtual learning environment (Johnson & Lester, 2016). By
integrating a life-like character in the computer-based learning environment, a social layer is added to the interaction between user and the agent (Kim & Baylor,
2007). This has social interaction between a computer and student will enhance the learning of student in mathematics according to VVygotsky theory which stated
learning acquire a social context (Vygotsky, 1978). Besides, an affective learning agent who have the features of gestures, body movements, and facial expressions
are conveying different modal sensorimotor information to learners. Learning agents may take the role as expert (instructor) which is knowledgeable, motivator
(peer) which is supportive and mentor which is both knowledgeable and supportive (Im, 2012; Smith et al., 1999). These roles are known as each of these role
carried out different function in supporting students in learning in the computer-based learning environment. The expert agent provides information; the motivator
which is supportive provides encouragement and support to students, and mentor who provide both information and encouragement (Smith et al., 1999). Studies
carried out by researchers also showed that mentor agent led the highest improved in information acquisition and self-efficacy than expert agent which improved
only information acquisition while motivation agent improved only self-efficacy (Kim & Baylor, 2016).

Proposed Framework

Based on the literature review on learning agent and mathematics in general, learning agents are being used on different areas of education such as medicine,
programming, internet packet routing, language and plants. Most of these studies focus on the effects of using learning agent in learning based on the interaction
between students with various features and characters of the learning agent. With all the research carried out, researchers had overlooked on the impact that might
be brought out from the type of messages and the amount of messages that provided by learning agent to students with different preferences and different prior
anxiety levels. Figure 2 illustrates the proposed framework for learning agent to be designed in this study. The system will first request students to perform the pre-
test on Mathematics Anxiety Rating Scale (MARS). The results from MARS will then determine their prior mathematics anxiety levels. Prior mathematics anxiety
levels in this study will be divided into three levels: high, medium, and low mathematics anxiety levels. Based on the results of the MARS, students will be
assigned respectively to the system with learning agent which are specifically designed for students of different mathematics anxiety level. As proposed in Tan et
al. (2015)’s study, the learning agent that is designed will provide the appropriate type and amount of messages based on students’ prior mathematics anxiety
levels. High mathematics anxiety level students will be assigned to the learning agent who provides high number of anxiety treatment messages. Medium
mathematics anxiety level students will be assigned to the learning agent that will provide medium amount of anxiety treatment messages. Low mathematics
anxiety level students will be assigned to learning agent that will provide low number of anxiety treatment messages (Tan et al., 2015). Hence, this study will be
based on their proposal to design the system in such a way that each prior mathematics anxiety level of students will be assigned to specifically designed learning
agent respectively.
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Figure 2: Proposed Framework

The interaction between learning agent and students is carried out through verbal or non-verbal messages. Verbal or non-verbal messages are to be determined
based on the preferences of different level of prior mathematics anxiety level. Type of anxiety treatment messages are also being differentiate for alleviating both
dimension of mathematics anxiety. The type of anxiety treatment messages which may differ among students of different level of prior mathematics anxiety are to
be determined through data collection in post-experiment. They may prefer only one type of messages for different dimension of mathematics anxiety or
combination of both dimensions of anxiety treatment messages provided by either verbal or non-verbal messages.

Learning Agent

In designing of learning agent, there are features such as the role, the voices, and the animation of agent will be taken into account. In terms of the role of agent,
there will be the expert (instructor) which is knowledgeable, motivator (peer) which is supportive, and mentor which is both knowledgeable and supportive.

The voices and the animation of agent determine the type of messages to be provided by the learning agent which is the verbal (voice) and non-verbal (gestures,
facial expression) messages. The voice of the agent is the key communication channels for human information transfer. As research found that voice give better
result on the test of retention and transfer (Moreno et al., 2001). So the voice used must be in a more interactive human voice rather than a machine voice. As there
are different learners such as learners of auditory, visual and tactile. Hence, the agent of the proposed framework will provide messages not just in text but as well
in voice that speak out the messages.

The animation of a learning agent which includes gestures, facial expressions, and body movement that are to be appropriately executed as they are interacting
with student will improved learning and raise motivation of students in learning.

Anxiety Treatment Messages

The type of messages provided can be categorised into different ways of learning agent conveying the messages to students and also being differentiate into two
dimension of affective dimension and cognitive dimension of mathematics anxiety. Different type of messages will cause student of different prior mathematics
anxiety level to react differently.

In this proposed framework, the anxiety treatment messages will be messages designed specifically for cognitive dimension and affective dimension of
mathematics anxiety, and also the step-by-step guidance messages which guide students throughout the session in the system. The design of anxiety treatment on
both affective dimension and cognitive dimension of mathematics anxiety will be adopted from Shen (2010) and Im (2012)’s study. Similar to the study of
Hembree (1990), Shen (2010) and Im (2012) had proposed and focused on alleviating both dimension of mathematics anxiety by using learning agent to provide
anxiety treatment messages for both dimensions namely emotional support and cognitive motivational messages.

Emotional support alleviates affective domain of mathematics anxiety which it helps to relieve the feelings of dreads and nervousness of students towards
mathematics. It is designed based on COPE’s model (Carver et al., 1989; Shen, 2010) Cognitive motivational messages alleviate cognitive dimension of
mathematics by increasing motivation of students in studying mathematics. The cognitive motivational messages are designed based on Keller’s ARCS
motivational model (Shen, 2010; Visser & Keller, 1990). ARCS model proposed by Viser and Keller (1990) consists of four factors that are believed to have
influence on learner motivation: Attention, Relevance, Confidence, and Satisfaction (ARCS). However, from the study of Shen, cognitive motivational messages
showed no effect on alleviating math anxiety, motivation, and math learning (Shen, 2010). In the opinion of Im, this is due to the possibility of the overlapping
nature of emotional support and cognitive motivational messages. To overcome this problem, Im had specifically added incremental ability belief into cognitive
motivational messages to reduce student’s cognitive dimension of math anxiety to resolve in Shen study (Im, 2012).

Step-by-step guidance messages will be included as study showed that student of low mathematics anxiety preferred step-by-step guidance. They found that these
messages helped them a lot in understanding the mathematical concept. This can prevent students to increase their anxiety level when they faced difficulty in
solving mathematics problem (Yeo, 2016).

These messages will be provided in the form of verbal and non-verbal form respectively. When students answer the exercise question correctly, the learning agent
will give feedback to students with messages in verbal forms or gestures of assurance through non-verbal form such as nodding head. When the student answers
the question wrongly, the learning agent will feedback with messages in verbal forms and in non-verbal forms by showing sad faces.

Amount of Messages

The amount of messages provided will affect the effectiveness of learning agent in helping student learning and alleviating anxiety. As student of different level of
prior mathematics anxiety level reacts differently accordingly towards the type of anxiety treatment messages provided and the amount of anxiety treatment
messages provided. With regards to the amount of messages provided, too little messages that are provided might not help students in alleviating students’
mathematics anxiety level while too much messages that are provided might cause students’ anxiety level to increase. Hence, suitable type of messages and an
appropriate amount of messages that are to be provided by learning agent should be study to carry out the maximum function of the anxiety treatment messages
provided by the learning agent.

Hence this study is to determine the effectiveness of learning agent in alleviating different level of students’ prior mathematics anxiety by assigning students with
different mathematics anxiety level to different system that is designed specifically for different level of mathematics anxiety.

METHODOLOGY
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Mixed-method approach will be used in the study, which involves qualitative and quantitative methods for collecting the data. Quantitative data is collected on the
performance, mathematics anxiety, and the perceptions of learning agent and anxiety treatment messages. Qualitative data is to be collected through interviews and
journals to provide insights on the perceptions of agent and anxiety treatment messages.

Convenient sampling is used with 100 participants of undergraduates who are taking mathematics subjects at a private university in Malaysia as the existing
groups are the group assigned to the lecturer who agreed that the study is to be carried on her students. The sample will be consisted of both female and male with
different ethnics of Malay, Chinese, Indian, and others.

Mathematics Anxiety Rating Scale (MARS) by Richardson and Suinn is used to measured students’ mathematics anxiety level. It is the most frequent used
instruments which is being used in more than 9 studies (Suinn & Winston, 2003). MARS consists of 98 items with 5-point Likert scale relating to the feeling of
anxious in dealing with mathematics problem in everyday situations. Most of the other scales are also adaptation of MARS (Arslan et al., 2015). Mathematics
Achievement Test for collecting students’ performance is designed and validated by experienced lecturers. While the instruments to examine students’ perceptions
of learning agent and anxiety treatment messages will be adopted from other research and with some self-designed questions.

The study will be carried out in three stages: pre-experiment, experiment, and post-experiment on a control group and an experimental group. In pre-experiment,
all participants are given the pre-test on MARS to measure their prior mathematics anxiety level before they are being assigned to the learning agent that is
designed to assist students of different mathematics anxiety level in learning mathematics. Students’ mathematics achievement of students will also be tested in
pre-test to measure the performance of students before they learn with learning agent. In the experiment stages, the participants of experimental group will learn
mathematics with learning agent being assigned and keep a journal throughout the process while control group will learn mathematics without the presence of
learning agent. As in the post-experiment stage, post-test on MARS will be given to experimental group who learnt with learning agent and control group who
learnt without learning agent to measure their mathematics anxiety level. Mathematics achievement of students will also be tested to determine whether there is an
increase in performance after students learn mathematics with learning agent. After the three stages of experiment, the data collected will be analysed using SPSS.
Students’ mathematics achievement will also be tested to determine whether there is an increase in performance after students learn mathematics with learning
agent. It is also being carried out for the purpose of ensuring there is no difference in the prior knowledge of selected topics among participants. After the three
stages of experiment, the data collected will be analysed using SPSS.

5. CONCLUSION
In conclusion, this study is aimed to reduce students’ mathematics anxiety in order to improve their achievement. A different approach of using learning agent is
proposed to effectively alleviate students’ mathematics anxiety by taking into account of students’ prior mathematics anxiety level and provide the appropriate
amount and type of messages. This is because from previous studies, different amount and type of anxiety treatment messages will affect students of different level
of mathematics anxiety differently. It is expected that the proposed framework will bring greater impact in reducing mathematics anxiety as compared to previous
study. This will help educators, researchers and system developers in enhancing the existing learning agent in helping student in their learning process.
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