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Abstract

The development of information and communication technology (ICT) has affected educators’
teaching methods through its application in learning and teaching mathematics. The objective of
this systematic analysis is to explore the benefits and constraints of ICT that have been faced by
educators during learning and teaching processes for mathematics. Based on selected literature, it
was found that the advantages of applying ICT in teaching mathematics are: It attracts students’
interest in learning mathematics; it increases their motivation and performance; it encourages li-
felong learning; and it facilitates positive interactions and relationships. Nevertheless, a few con-
straints have been faced by mathematics educators during teaching processes involving ICT. Iden-
tified constraints and limitations are: Educators lacking knowledge of ICT; minimal training and
opportunities for learning about ICT; and limited technical support. Therefore, it is suggested in
the literature that there is a need for an increase in training for mathematics educators in terms of
computer usage and ICT applications for teaching purposes. Technical support should also be a
concern, so as to motivate mathematics educators to apply elements of ICT in their teaching. This
could maintain the positive changes and perception of students regarding learning mathematics.
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1. Introduction

Information and Communication Technology (ICT) is a combination of devices and technology resources,
which are used to manipulate and correlate information (Kaware & Sain, 2015). Technology tools cover all
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electronic and digital devices such as computers, the internet, and other multimedia technology. The usage of
ICT is becoming more crucial in education as it enables the development of a more proactive teaching and
learning environment (Gabare et al., 2014, Daud & Khalid, 2014). Together with the expansion of current era of
technology, educators are encouraged to incorporate ICT into their teaching, as a substitute for traditional
teaching methods (Kiflee & Khalid, 2014).

ICT is not only a tool for teaching and learning, but also acts as a driving force for an educator to play his or
her role in education (Nur Qistina & Hazman, 2006). For example, the application of ICT could expose students
to various skills linked to their future needs, such as using Microsoft Word, email, and the internet for lifelong
learning processes (Gabare et al., 2014; Khalid, 2014; Jones, 2011). Furthermore, the application of ICT can
help educators to obtain resources from outside their networks, thus enabling them to transform the teaching and
learning process.

The application of ICT is intended to refine and elevate both students’ learning and educators’ teaching quali-
ties (KPM, 2013). In addition, it is a process of fitting technology to various learning and teaching conditions,
whether inside the classroom or outside (Norazrena & Khairul Anuar, 2011; Nur Qistina & Hazman, 2006).
Moreover, the integration of ICT in education could increase students’ competence based on global needs
through skill shaping and increasing knowledge (Storm, 2011), as well as able to enhance students’ cooperative
learning through community of practice (Khalid et al., 2013, 2014).

ICT could be applied to all subjects, including mathematics. According to Keong et al. (2005), 89.5% of ma-
thematics educators use basic ICT applications in their teaching. These basic applications include training soft-
ware, visuals and graphics, and online demonstrations. These applications function as teaching aids in mathe-
matics. This shows educators’ ICT skills have increased in applying various technological applications to their
teaching process (Wan Mohd, 2013).

Furthermore, research shows that internet searches through websites are used by 68.5% of mathematics edu-
cators, while email is used by 44%, and 7.2% participate in online forum discussions (Keong et al, 2005). These
percentages relate to educators’ ability to apply ICT in order to access teaching resources other than textbooks.
Indirectly, ICT has become an important means for educators to acquire teaching resources in the form of simu-
lations, notes, exercises, brainstorming, and information sharing.

Other research shows that technological integration in teaching mathematics includes the use of Microsoft
Excel, DERIVE, MATHEMATICA, and MAPLE software for algebra (Keong et al., 2005; Neurath & Stephens,
2006). The use of Microsoft Excel facilitates students to carry out algebra-related problem-solving, such as con-
structing equation graphs, finding the slope of a straight line, and simplifying equations. MAPLE is also used to
aid students in constructing equation graphs in algebra.

Learning software is also being developed based on certain topics in mathematics. For instance, the develop-
ment of computer-based software for the topic of fractions is based on the ASSURE learning model. In addition,
mathematical software for special education students is constructed based on the ADDIE learning model. Both
of these types of software function as a medium for additional exercises and to acquire notes for the topic of
fractions. Students are able to repeat exercises multiple times and obtain direct feedback from the website
(Norazrena & Khairul Anuar, 2011).

Applications of ICT in Mathematics

There are some applications of ICT that have been used by teachers in the teaching and learning of mathematics,
whether for secondary schools or for primary schools. These applications act as teaching aids for teachers and
revision materials for students, either during the lessons in schools or at home. ICT applications also help stu-
dents in doing their assignments for mathematics.

Norazrena and Khairul (2011) developed computer-based software for teaching and learning the topic of frac-
tions. The software was developed based on the ADDIE model, which stands for Analysis, Design, Develop,
Implement, and Evaluation. This study was conducted in a secondary school for students with special needs. The
content of the software is based on the basic concepts of fractions, which include proper fractions, and addition
and subtraction of fractions. In addition, the software developed for the study focused on special needs students
in Form 1. The results show that achievements of the participants increased after they used the software that was
implemented during the learning process. The software decreased the cognitive load during their learning be-
cause its content used simple examples that were clearly explained. This successful development is also effec-
tive for non-special needs students to improve their knowledge of the basic concepts infractions.
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Hanim and Hairulniza (2002) also created mathematical software based on the ASSURE model for fractions
in the Form 1 syllabus. The ASSURE model involves six stages of development, which are Analysis, State ob-
jectives, Select method, materials and media, Utilise the materials, Require learners’ response, and Evaluation.
This software acted as a medium for tutorials in fractions, including all operations in fractions such as multipli-
cation, division, addition and subtraction. It gave spontaneous feedback on students’ exercises and made the
learning process more interactive (Hanim & Hairulniza, 2002). Tests were also prepared for all subtopics to im-
prove students’ knowledge about the topics. Participants enjoyed the learning process using this software. It also
enhanced students’ behaviour and critical thinking regarding this topic.

In addition, Neurath and Stephens (2006) used Microsoft Excel as a teaching aid for algebra class. They con-
ducted a study in a secondary school through experimental research. Traditional methods of teaching were deli-
vered to a control group, while the experimental group was taken to a computer laboratory and were shown var-
ious problems and how to solve them using Microsoft Excel. Three comprehensive tests were given to both the
control group and the experimental group, involving the same questions. They found a slight increase in students’
achievements and in their interest in the topic among the experimental group. They enjoyed the Excel assign-
ments and increased their overall understanding of algebra, which blended well with computers and technology.

Meanwhile, Stephen and Konvalina (2006) conducted another study on the effectiveness of the MAPLE pro-
gram in algebra. They also conducted research in a secondary school. This study found that MAPLE increased
the positive attitude of students with regard to algebra. Stephen and Konvalina also conclude that the MAPLE
program increased students’ achievements by 5% when MAPLE was used to complete algebra assignments.
Furthermore, it was shown that for students who chose to complete their assignments using MAPLE, their
achievements on their final exams were improved.

In summary, past research has been done on the integration of ICT into mathematics teaching, for example
using Microsoft Excel, computer-based software and the MAPLE program. Nevertheless, the extent to which the
application of these forms of technology is proven to enhance mathematics learning amongst students and the
constraints faced need to be further explored. This paper, hence, has two objectives: To explore the benefits of
integrating ICT into teaching and learning mathematics at primary and secondary school levels, and to identify
the limitations faced in efforts to integrate ICT into teaching and learning mathematics.

2. Methodology

The research highlights research studies conducted in the field of applying ICT in teaching mathematics. Mul-
tiple databases (Emerald, Google Scholar, Sci Direct, and EBSCOhost) were explored, using keywords such as:
Integration of ICT; ICT in mathematics; and ICT and constraints. The literature chosen was in the two languages
that can be understood by the researcher, which are Malay and English. In addition, the search was limited to
studies published between 2001 until 2015 related to ICT in education.

More than 300 studies were found. However, only 20 studies from Malaysia and abroad were selected, based
on the research focus on ICT in mathematics education. The selected studies were chosen based on the context
of studies, scope, and the respondents involved. Figure 1 summarizes the selection process of the previous stu-
dies.

Table 1 indicates the summary of the selected studies in terms of the methodology, location, research focus,
and area of research.

The selection of literature was based on the need to answer the research questions constructed. In addition,
content analysis was carried out in order to ensure that the selected literature did not divert from the focus of this
concept paper.

Table 1. Summary of the 20 studies used.

Experimental design Location Research focus Area Application of ICT
Qualitative (8) Malaysia (12) Educators (9) Information technology (12)  Computer-based software (10)
Quantitative (6) United Kingdom (4) Students (10) Mathematics (8) Graphing software (2)
Quasi experiment (1) USA (2) Schools (1) Microsoft Excel (4)
Concept paper (5) Other (2) MAPLE (1)

iPad (1); Other (2)
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» Keywords: integration of
ICT; ICT in mathematics;
and ICT and constraints

Search articles
using keywords

« Emerald, Google Scholar, Sci
Direct, and EBSCOhost

Databased used

* Published between 2001-2015
* Language (Malay and English)
* Related to education

Select 20 studies |, Focys: ICT in Mathematics
based on research Education
focus

Figure 1. The selection process of previous studies.

Limits the studies

The research questions are:

1) What are the benefits of applying ICT in the learning and teaching of mathematics?

2) What are the constraints faced by educators in integrating ICT into teaching mathematics?

The research questions were constructed to focus the literature review on track and to facilitate the analysis of
the literature. For the first question, the literature studied is focused on the benefits of applying ICT in the
teaching and learning of mathematics for teachers and students. For the second question, the literature studied is
focused on the constraints faced by educators in using technology during the process of learning and teaching
mathematics.

3. Result and Discussion

The research findings are arranged according to the research questions.

3.1. The Benefits of Applying ICT to Learning and Teaching Mathematics

Based on the literature review, one of the benefits of applying ICT in the teaching of mathematics is creating in-
teraction among students (Keong et al., 2005; Neurath & Stephens, 2006). The use of technological devices such
as graphing calculators encourages interaction among students to share their knowledge and skills. The findings
from two studies indicate that cooperation among students occurred when they were given the opportunity to
present their work with the aid of a projector, a screen and a laser pen. Students shared their work with class-
mates in discussion sessions with the help of teachers (Condie & Munro, 2007; Keong et al., 2005).

Indirectly, the communication that occurred among students through the application of technology during the
learning process promoted knowledge and information-sharing. Educators acted as facilitators, while the learn-
ing process that occurred with the help of technology as a learning tool was student-centred (Condie & Munro,
2007; Keong et al., 2005). This supports constructivist learning, which is the construction of students’ know-
ledge. The application of technologies such as the internet further facilitates students’ self-exploration, for ex-
ample using the internet to understand mathematical concepts learned (Keong et al., 2005; Ramli et al., 2006).

The application of information technology can also increase students’ motivation and interest towards ma-
thematics. This was evident when students’ results in algebra improved (Keong et al., 2005; Neurath & Stephens,
2006). The use of Microsoft Excel in learning algebra can change students’ perceptions of algebra. Students are
eager to perform tasks with the aid of Excel, and indirectly the learning process becomes meaningful to students.
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The same study found that students admitted to having an increased understanding of algebra with the help of
computers.

The same was found with regard to the usage of computer software for fractions, as examined in two of the
selected studies (Hanim & Hairulniza, 2002; Norazrena & KhairulAnuar, 2011). The computer software devel-
oped greatly assisted students in improving their understanding of fractions. The exercises provided by the soft-
ware gave students direct feedback. Hence, students were able to identify their mistakes and make corrections
(Ghavifekr et al., 2012). In addition, the menu quiz developed within the computer software helped students to
hone their critical thinking. This is because the quiz provided had a limited response time. The time limit was set
to test students’ critical thinking and their understanding of the fractions topics learned.

Three other studies showed that the application of ICT in learning not only generates higher-level thinking
skills among students, but also encourages students to think about strategies in solving mathematics problems
(Condie & Munro, 2007; Keong et al., 2005). In addition to giving students prompt responses, the computer
software developed encouraged students to do exercises repeatedly until the correct answers were obtained. In-
directly, this approach increases students’ interest and motivation to keep trying.

3.2. Constrains Faced by Educators in Integrating ICT into the Teaching of Mathematics

Despite the advantages resulting from the integration of ICT into learning processes in mathematics, some con-
straints are faced by educators in the implementation of ICT. Among the constraints faced by educators are re-
duced teaching time in the classroom, insufficient training on the application of ICT, weak technical support, li-
mited resources for students when at home, and limited pedagogical knowledge on how to integrate ICT into
teaching (Afolake & Shittu, 2005; Keong et al., 2005).

The limited time for teaching mathematics in the classroom has become the main limiting factor for educators
when integrating ICT into their teaching (Keong et al., 2005). The literature shows that 55.6% of 111 respon-
dents (educators) recognized the time limitations in the school’s teaching schedule for them to use ICT facilities.
These time limitations include the need to prepare the equipment before starting the learning process. This could
include computer equipment, screens, projectors and others, which take time to set up, as educators are unused
to handling these tools (Rohani, 2011). In case of damage or minor difficulties, educators require assistance
from technicians, which further interferes with their teaching time.

40.8% of teachers stated that they had received insufficient training on the application of ICT to ease teaching
the mathematics curriculum. The training required includes methods of integrating ICT into teaching mathemat-
ics. Furthermore, 59.5% of teachers admitted that several types of training on ICT applications were needed, in
order for them to identify the appropriate applications for the teaching and learning of mathematics (Abramo-
vich, 2014; Afolake & Shittu, 2005). Training should be conducted periodically and should meet the need of
mathematics educators so that it is useful in practice.

A lack of technical support for the integration of ICT into the teaching of mathematics is also a limiting factor
for educators. Problems in technical support include the provision of limited computers for students, damaged
equipment which take a very long time to be repaired, booking procedures for computer labs, and educators’ li-
mited computer skills. 39.2% of educators identified these factors as a major constraint, while 46.4% indicated
these factors as minor constraints. However, the technical support factor strongly influenced the frequency of
educators integrating ICT into their teaching.

Another factor that becomes an obstacle in the implementation of ICT in the teaching of mathematics is li-
mited technological resources when teachers or students are at home. 78.4% of educators admitted that their
students do not have good access to the necessary technology to facilitate learning at home. For students who do
not have computers and internet access, learning through ICT applications will be limited to school only (Keong
et al., 2005; Ruthven et al., 2009). Similarly, educators who do not have access to the necessary technology will
be impeded in their preparation of teaching materials for mathematics. 76.3% of educators recognised this factor
as a constraint to integrating ICT into their teaching and learning process.

In addition to the factors listed above, there are also minor constraints that hinder teachers from applying ICT
in their teaching of mathematics. Among these are insufficient computer software, ICT integration not being a
priority for the school, and difficulties in attending training on ICT skills (Afolake & Shittu, 2005; Palmer,
2003). Due to these multiple factors, the implementation of ICT in the teaching of mathematics can become less
effective and receive a lack of support among educators.
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Based on the findings described above, the following is a summary of the benefits and limitations of applying
ICT to the learning of mathematics (Figure 2).

Based on a synthesis of the literature, the use of technology in teaching is shown to have a favourable impact
on both students and educators (Rafiza & Maryam, 2013). In the context of teaching mathematics, previous stu-
dies have found that technology is a necessity in the process of learning and teaching mathematics in schools. It
has been proven that ICT can improve mathematics teaching methods, as well as elevating students’ under-
standing of basic mathematical concepts. Information technology is also proven to harbour potential in preparing
students for twenty-first century life (Ghavifekr et al., 2012). Through developing skills in ICT, students will be
better prepared to face future challenges by understanding them better.

However, educators should be ready to face obstacles and constraints so that these hindrances should not be
limitations in integrating ICT into teaching mathematics. Various methods and strategies should be well thought
out by educators in order to implement more interesting teaching approaches through the integration of ICT
(Drew, 2011). The development of increasingly diverse technologies assists educators in using initiative to
access “extra” exercises regarding the use of technology. In addition to the convenience of the internet, educa-
tors can also utilise the medium of virtual storage (Cloud storage) as an alternative initiative for the integration
of ICT into teaching.

For example, Google apps such as Google Slides, Google Daocs, and Google Sheets can be utilised by educa-
tors for teaching mathematics. These applications can be shared online via Google Drive (Suzana & Khalid,
2014). Students and educators can interact directly when both parties access the internet at the same time. These
applications enable educators to give direct feedback through comments and notes sections. In addition, students
who missed the opportunity to access the internet at a particular point can still participate by looking at the
changes that are shared through the history menu. Thus, learning can take place anywhere and at any time.

The development of technology in the twenty-first century has produced a variety of teaching equipment that
allows educators to share information at their fingertips. In addition to Google Drive, application including
Powtoon, Piktochart, StoryBoardThat, PresentMe, Cantasia, Prezi and others are capable of producing teaching
materials that attract students’ interest to engage in interactive learning.

Moreover, schools should review the need to facilitate the application of ICT in classroom teaching. Technic-
al support is crucial in learning in tandem with technological developments. In addition to providing technical
expertise to educators, basic ICT facilities should also be provided. This will boost educators’ morale in em-
ploying the use of ICT in their teaching. Indirectly, students will become more motivated and excited about
learning mathematics, due to the use of new and creativity technigues.

One issue that can be highlighted in future research is the effectiveness of the implementation of various ICT
applications for student understanding. Besides, educators’ ICT skills and teaching pedagogy can also be pro-
moted as helping teachers believe that ICT can facilitate teaching as well as boost morale for students. The in-
terest and motivation of students toward learning will increase if the teaching methods are not boring and pro-
vide interesting inputs each time the learning process occurs. Further studies on students’ perceptions of com-
puter-aided learning are also encouraged in order for educators to identify computer software or technology that
suits the teaching of mathematics in schools.

Application of ICT in learning mathematics
I

Benefits Constraints
1. Interaction among students 1. Limited teaching time
2. Knowledge-sharing 2. Insufficient training
3. Increased motivation and interest 3. Lack of technical support
4. Generation of higher-level 4. Limited resources when students are
thinking skills at home
5. Increased student achievement 5. Lack of pedagogical knowledge

Figure 2. Summary of benefits and constraints regarding the application of ICT to learning mathematics.
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4. Conclusions

Based on the synthesis of the 20 selected pieces of literature, it was found that the benefits of applying ICT in
the teaching of mathematics include attracting students’ interest in learning mathematics; improving students’
performance; encouraging lifelong learning; enabling positive interactive relationships; and supporting construc-
tivist learning. However, several constraints have been faced by mathematics educators in involving ICT in the
teaching process. The constraints identified include educators’ lack of knowledge about technology; minimal
training and learning opportunities around ICT; and limited technical support.

Accordingly, it is proposed that there should be an increase in the amount of training available for mathemat-
ics teachers concerning the use of computers and the application of ICT for teaching purposes. Technical sup-
port is also needed in order to motivate teachers to implement ICT in their teaching. This is required to maintain
students’ positive perception of learning mathematics. It is also suggested that educators explore in order to de-
termine the appropriate technologies and applications that can be integrated into the mathematics teaching and
learning process.
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