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participants. The study used thematic analysis, inductive approach for data analysis. According to the study's findings,
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ICT refers to the dissemination, storage, and management
of data using various recognized technological tools and
their resources and has become one of the main pillars of
our modern society (Das, 2019). The education sector is
also considered ICT as important because it can be used to
teach and learn mathematics and become productive for
student success and teacher achievement. For instance,
mathematical teaching and learning processes bring
liveliness to the classroom environment. This vitality is
evident where students and teachers can access study and
course materials at any time and from any place (Das,
2019). In addition, Keong et al. (2005), found that 89.5%
of mathematics teachers in Malaysia used basic ICT
applications in their teaching, such as software, visuals
and graphics, and online demonstrations serving as
mathematics teaching tools. Another study in New
Zealand showed that the integration of ICT into
mathematics lessons affects positively student outcomes
(Jackson, 2017).

Strong and significant knowledge of technology,
pedagogy, and content, and their interrelationships, define
teachers' creativity and effectiveness in developing and
delivering new representations of mathematical content
(Malubay & Daguplo, 2018). In order to deliver these new
representations of mathematical content, ICT can be
productive, as Shahadat (2012) in his research found that
ICT has the ability to significantly improve the
educational system in which mathematics is contained.
However, developing countries are still far from reaping
these benefits due to various obstacles. For example, the
integration of new pedagogical technological tools at
every level of the school system and the adaptation of new
technological devices to curricula and classroom practices
(Amy M. Johnson, Matthew E. Jacovina, Devin G.
Russell, 2016). In relation to mathematics teaching and
learning, a survey on barriers preventing the integration
and adoption of ICT in mathematics education conducted
in Malaysia identified six main barriers: lack of time in the
school schedule for projects involving ICT, insufficient
opportunities for teacher training for ICT projects ,
insufficient technical support for these projects, lack of
knowledge about ways to integrate ICT to improve the
curriculum, difficulties in integrating and using different
ICT tools in a single lesson, and lack of resources at home
to enable students to access the necessary teaching
materials (Raman & Hamidah, 2014).

Das (2019) found ICT to be the most powerful tool for
problem solving, conceptual development and critical
thinking in mathematics. He also found that by using ICT
as a tool, students spend productive time strategizing to
solve complex problems and develop a deep
understanding of the various mathematical topics such as
doing calculations, drawing charts and running more
challenging numbers. In addition, new mathematical
structures are introduced and a new approach is taken to
modernize mathematics teaching for greater benefit to
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students (Palamisamay, P. Saranavakumar, 2019). Even
if ICT are needed in the teaching and learning of
mathematics, Kaur (2019) in his research found that
education in the modern technological society requires
more information from teachers regarding ICT and the
ability to use them in the teaching and learning process ,
particularly in their own subject areas. For instance,
Malubay & Daguplo (2018) recommend strengthening the
knowledge of mathematics teachers through regular
participation in CPD related to the application of ICT in
mathematics teaching and learning. In addition, teachers
should not only be about the use of new technologies but
also why and when to use them in transforming teaching
and learning practices (Halai & Tennant, 2016, p. 69).

The results of Anyonyi (2013) on the study on factors
limiting the use of ICT in secondary mathematics
education in Nairobi found that 61.91% of mathematics
teachers have no knowledge of ICT, indicating that the
most of them do not have the necessary computer skills to
create ICT-integrated lesson plans for the classroom.
Another study at Nairobi County Secondary Schools on
opportunities and challenges in integrating ICT into
mathematics teaching and learning showed that teachers
face major challenges such as developing their own
technological skills and knowledge, and self-training in
the use of ICT in their mathematics lessons (Amuko et al.,
2015). Uworwabayeho (2009), in his research on the case
of Rwanda, found that teachers and learners value the use
of ICT in teaching and learning mathematics. He also
found that the participation in learning in computer-aided
lessons found to be very high compared to traditional
lessons without computer. Therefore, ICT is considered
important and can be useful to improve mathematics
teaching and learning. Even though ICT can be an
effective tool for teaching mathematics, there are still
challenges that can hamper its effectiveness, some of
which are mentioned above.

The study attempted to achieve the goal by focusing on the
following research questions:

(&) What are the instructional factors that constrain
the effective application of ICT in the teaching
and learning of mathematics?

(b) What are the psychological factors that constrain
the effective application of ICT in teaching and
learning of mathematics?

(c) What are the most powerful factors that constrain
the effective application of ICT in teaching and
learning of mathematics?

1.1 Statement of the problem

The Rwandan government has identified ICT as a crucial
tool for economic transformation, with education playing
a key role in achieving this goal (Republic of Rwanda,
2000). A number of projects have been launched to
provide basic ICT infrastructure and computers in schools
(EdQual, 2010). The Rwandan curriculum framework



recommends the use of ICT to improve the quality of
education in all subjects at all levels (MINEDUC, 2015),
where the mathematics curricula state that as new
technologies have had a dramatic impact on all aspects of
life, wherever possible, mathematics learners should gain
experience with a range of ICT devices and applications.
Each lesson also requires the use of digital technology or
computers during or after mathematics lessons (REB,
2015).

The Rwandan government has identified ICT as a crucial
tool for economic transformation, with education playing
a key role in achieving this goal (Republic of Rwanda,
2000). A number of projects have been launched to
provide basic ICT infrastructure and computers in schools
(EdQual, 2010). The Rwandan curriculum framework
recommends the use of ICT to improve the quality of
education in all subjects at all levels (MINEDUC, 2015)
where in mathematics syllabi, it is said that, as new
technologies have had a dramatic impact on all aspects of
life, wherever possible in mathematics, learners should
gain experience of a range of ICT equipment and
applications. For each unit, digital technology or
computers are also required to be used during or after
mathematics class (REB, 2015).

In mathematics teaching and learning, ICT plays an
important role in connecting teachers and students. The
study by Umugiraneza et al. (2018) on the use, access, and
integration of technology by mathematics teachers in
teaching and learning mathematics found that about 80%
of participants expressed a positive view that the use of
technology improves learners' understanding of
mathematics. Various studies and practices show that ICT
is the best tool for assessing student learning. For instance,
ICT is increasingly used successfully in teaching,
learning, and assessment. ICT is seen as a powerful tool
for educational change and reform. A number of previous
studies have shown that appropriate use of ICT can
increase the quality of education and link learning to real-
life situations (Fu, 2013).

However, most teachers and students face several
obstacles to the implementation of ICT in teaching and
learning mathematics. In the study conducted in South
Kalimantan, Indonesia, indicated that the barriers faced by
mathematics teachers in the digital age when
implementing technology in mathematics teaching and
learning included: math learning materials that were less
suited to the use of technology; School facilities,
infrastructure and support were inadequate for the use of
technology in teaching and learning; the level of teacher
skills in using technology in teaching and learning
mathematics. Factors that have influenced the occurrence
of these barriers include teachers' assessments and
viewpoints of the effectiveness of using technology in
teaching and learning mathematics in the classroom;
unequal access to educational services between schools in
towns and villages; and lack of training and information
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for teachers on the use of technology in mathematics
education (Muhazir & Retnawati, 2020).

It then looks at some case studies from Rwanda using ICT
in mathematics teaching, demonstrating how ICT can be
useful in a low-income context and drawing implications
for how this important area of education could be further
developed (Halai & Tennant, 2016). In addition, ICT plays
an important role in mathematics education, as research
shows that with teachers' willingness to adapt their
pedagogical approaches, the use of new technologies such
as Dynamic Geometry Software (DGS) could improve
mathematics teaching and learning (Uworwabayeho,
2009). There is also evidence that the presence and use of
ICT in Rwandan schools in teaching and learning
mathematics is still minimal. Numerous challenges such
as a shortage of teachers trained to use ICT in the teaching
and learning process and a gap in the implementation of
digital competences and their operational plan
(Mugiraneza, 2021). Despite this, one of the aims of the
Rwandan ICT Education Policy Statement is to use ICT as
a tool to improve the quality of education in all subjects,
including mathematics (MINEDUC, 2016, p. 10). Against
this goal, which is silent in the literature, this study aims
to investigate what factors limit the effective use of ICT in
teaching and learning mathematics in secondary schools
in Nyanza District, Southern Province, Rwanda.

2. Literature Review

Technology is and will remain an important part of our
daily lives and is increasingly being used as a teaching tool
in a variety of ways (Tishkovskaya & Lancaster, 2012).
The teaching strategies of teachers determine the success
of technology integration in the teaching and learning
process. It also depends on how teachers select and handle
digital resources in their classroom activities and what
classroom tactics they use (Mailizar & Fan, 2020). In
addition, Hossein-mohand & Melchor (2020) found that a
number of factors, including the type and amount of
technical resources available, influence the incorporation
of ICT into teaching approaches. Despite the fact that
technology is crucial in secondary schools, the majority of
teachers have a low or intermediate level of digital
competence. However, perceptions, attitudes and
methodical handling of ICT as well as usage that differs
according to gender, age and teaching experience must be
taken into account.

2.1 ICT in Rwandan secondary school
mathematics curriculum

The policy, which guided the development of the
curriculum  framework in Rwanda for integrating
information and communication technology into
education, establishes principles, goals and strategies to
control and strengthen the innovative and cost-effective
power of world-class educational technology tools



(MINEDUC, 2015). It also embraces new categories of
learners, fosters communication and collaborative skills,
and builds the capacity of everyone involved in the
delivery of education to develop a competent and relevant
ICT professional (MINEDUC, 2015). Furthermore, in the
Rwandan secondary school mathematics curriculum,
teachers are encouraged to use ICT in teaching and
learning mathematics (REB, 2015). The mathematics
teaching methodology outlined in Rwanda's competency-
based curriculum, the Secondary School Mathematics
Curricula (REB, 2015), requires the incorporation of ICT
into the teaching and learning process, as this makes the
subject exciting and stimulating for both learners and
teachers power. Das (2019) found in his research that the
use of ICT in mathematics has more benefits for learners'
content comprehension and introduces a new dimension
of learning and teaching that includes the use of the
internet and mathematics software.

2.2 Instructional factors and ICT in
teaching and learning of
mathematics

Information and communication technology is seen as an
essential means of promoting new teaching and learning
methods (Pierre, D.J. & Andala, 2020). The intersection
of technology and education has the potential to transform
the way we think and practice. For example, teachers can
use technology in a variety of ways, including simple
exercises and practice tasks (Koehler & Mishra, 2006).
When teaching mathematics, a strong and meaningful
knowledge of technology, pedagogy and content and their
interrelationships  define  teachers' creativity and
effectiveness in developing and delivering new forms of
representation of mathematical content (Malubay &
Daguplo, 2018). As part of mathematics learning, students
need to build their own understanding of each concept of
mathematics to create their essential mental structures and
higher order of thought (Lessani et al., 2016). Therefore,
ICT should be used in constructive learning processes as
it stimulates and facilitates higher-level thinking of
learners instead of just conveying more information (Qi &
Jianwei, 2000). Unfortunately, the teacher's knowledge of
using mathematics software is not the only criterion for
integrating ICT into mathematics teaching, as there are
other factors such as a solid pedagogical understanding of
integration into mathematics teaching (Keong et al.,
2005). For example, Jones (2004), cited in (Keong et al.,
2005) found that there were several barriers to integrating
ICT into mathematics education. These limitations
included a lack of access to resources, time for integration,
adequate training, and technical issues in using the
software, and a lack of face-to-face access during lesson
preparation. While, in Rwanda, EdQual (2010) research
found that the support provided by the annual workshops
on the use of ICT in the classroom was key to enabling
teachers to use available technology for science and
mathematics teaching.
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2.3 Psychological factors and ICT in
teaching and learning of
mathematics

A positive attitude is considered to be one of the most
valuable tools in learning mathematics, since any task
attempted is strongly influenced by one's attitude towards
it (Tahir & Bakar, 2009). Furthermore, ICT integration in
education strongly depends on teachers' ICT literacy,
skills and positive attitude (Ndayambaje & Ngendahayo,
2014). Also Sabzian and Gilakjani (2013), cited in
Umugiraneza et al. (2018) argue that the lack of computer
instruction often results in teachers having low confidence
when initiating computer activities. Teachers' beliefs
about teaching and learning play an important role in their
decisions about how to deliver the content (Umugiraneza
et al, 2018). Furthermore, with technological
breakthroughs and practices advancing, Ndayambaje &
Ngendahayo (2014) found that given current ICT trends,
teaching with ICT requires applicable skills and
confidence that can only be achieved if teachers take a
positive attitude towards it. Brown et al. (2005) also found
that there are significant disparities between schools and
within mathematics departments, and that teachers still
lack confidence in the use of ICT in their classrooms.
EdQual (2010) research shows that teachers with
relatively little external support through workshops gain
confidence in using existing ICT tools to design
innovative environments for teaching mathematics.

2.4 Theoretical framework

The theoretical framework used to examine this study is
Grounded Theory. Grounded theory was first introduced
by Glaser and Strauss in their book The Discovery of
Grounded Theory (1967). Strauss & Corbin (1994)
describe grounded theory as a set of relationships that
offer a plausible explanation of the phenomenon under
study, namely the theory based on data that are
systematically collected and analyzed. In grounded theory
studies, theory emerges from the systematic investigation
of the phenomenon. In the process, data is collected in
parallel with the formation of theories. Furthermore, the
grounded theory approach includes the possibility of
developing or adapting existing theoretical statements
from data, which should increase the researchers'
confidence in the area of theorizing (Shannak &
Aldhmour, 2009). Therefore, in this study the
constructivism theory was adopted on the basis of the
collected data.

During this journey of building knowledge and
experience, and creating an enabling environment for the
use of ICT in the effective teaching and learning of
mathematics, there are still factors that limit this
effectiveness, as the results of this study show. ICT should
be used to enhance learners' social interaction, which is



another critical perspective of knowledge construction. In
addition, an educational reform based on constructivism
aims to make progress over traditional education, which
still has its own advantages but faces major challenges (Qi
& Jianwei, 2000). Therefore, significance of constructivist
context can provide an important direction for successful
using knew knowledge about ICT in teaching and learning
mathematics to overcome the challenge in traditional
mathematics instruction. This theory was adapted as
relevant one for this study because by using technology in
the constructivist classroom, teachers will engage students
with the lesson more actively, work collaboratively and
develop more complex thinking skills. Constructivists
believe that technology should be used by the students as
a tool to explore problem solutions and acquire new
information and knowledge (Ayse, 2018).

3. Methodology

This section intends to discuss research design, population
and sampling, instruments for data collection, data
analysis method, trustworthiness of the study and ethical
considerations used in the study.

3.1Research Design

The research used qualitative method and grounded theory
design with interpretivism paradigm was used to collect
data. Inductive thematic analysis was used to analyse data.
However, in order to address the study issue, the following
steps were taken:

Filling open ended questionnaire

For questionnaire, there were three questions related to
instruction factors (mathematics content, methodology,
and ICT tools) toward using ICT in teaching mathematics,

and two questions related to psychological factors
(attitude, belief and level of confidence) toward using ICT
in teaching mathematics.

Participating in semi-structure interview
schedule

For semi-structure interview schedule, there were three
questions related to instructional factors (mathematics
content, methodology used for teaching mathematics, and
ICT tools) toward using ICT in learning mathematics, and
two questions related to psychological factors (attitude,
belief and level of confidence) toward using ICT in
learning mathematics.

Conducting classroom observation checklist

For classroom observation checklist, there were four main
sections. First section for looking about instructional
factors (mathematics content, methodology and ICT tools
used) toward teaching and learning mathematics.

3.2 Population and Sampling

This research was conducted in Nyanza District at the
secondary school level and was of interest to all senior
three and six students and mathematics teachers of that
district as a study population.

In this study, purposeful sampling was used to select ten
secondary schools in the Nyanza District. Due to time
constraints and COVID-19 pandemic, not all teachers and
students could participate in the research. Therefore, 28
mathematics teachers and 25 students from each selected
school were specifically selected to participate in
completing the open-ended questionnaire  (for
mathematics teachers) and in a semi-structured face-to-
face interview for students. The samples are shown in
Table 1 below:

Table 1: Samples of Schools, mathematics teachers and students in Nyanza District

Number of Schools Participants

Number of participants

Ten secondary schools.

Total

Students

Total

Mathematics teachers

Male 19
Female 9
28
Male 15
Female 10
25

3.3 Data analysis method
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Methods of data analysis were chosen to ensure the
trustworthiness and reliability of this study. The nature of
this study, according to the information required about the



phenomena studied and the types of all data collected,
were influenced by the data analysis. In this research,
inductive thematic analysis was applied in analyzing data.
Thematic analysis is a method for systematically
identifying, organizing, and providing insight into patterns
of meaning (themes) in a data set. By focusing on the
meaning of a dataset, thematic analysis allows the
researcher to see and understand collective or shared
meanings and experiences (Kiger & Varpio, 2020). This
method was used to analyze collected information in the
form of text from the open-ended questionnaire, semi-
structured interview transcripts, and information from
notes taken during classroom observation to achieve the
objective of this research and to answer research
questions.

Coding and themes

Patton (1980) said that, inductive analysis is the main
technique used in the grounded theory method. Inductive
analysis means that the patterns, themes, and categories of
analysis come from the data; they arise from the data
rather than being imposed on them prior to data collection
and analysis. According to Morse and Field (1995) a
grounded theory is generated by themes, and themes
emerge from the data during analysis, capturing the
essence of meaning or experience drawn from varied
situations and contexts. Thematic analysis, which involves
finding and identifying common themes, through
interview transcripts and responses to open-ended
questions, codes were identified and from which the
themes are derived. This study has three main themes,
which are discussed in the next chapter. These themes are
in Table 2 below:

Table 2. Coding and theming

Codes Sub-themes Themes
e  Mathematics content e  Teaching strategies Theme 1: ICT resources and
e Teaching e Mathematics and new teaching mathematics.

methodology
e ICT resources

technology

e Attitude e Attitude and belief Theme 2: Teachers’ and
e Delief toward new toward ICT students’ insight toward use of
technology e Level of confidence ICT in mathematics

e Level of confidence

toward ICT

3.4 Trustworthiness of the study.

To maintain quality standards while conducting this
research, considering participants’ responses and being
deeply immersed in the research process was taken into
consideration. It was also necessary to explore data by
using a well-designed face to face interview guide, open
questionnaire and classroom observation checklist.
Trustworthiness was achieved through credibility,
transferability, dependability, Confirmability, flexibility,
and authenticity (Korstjens & Moser, 2018). In this study,
the research findings represented plausible information
drawn from the participants’ original data and was a
correct interpretation of the participants’ original views.
Participants’ evaluation of the findings, interpretation, and
recommendation of this study was supported by the data
as received from participants. Reflexivity was presented
through critical self-reflection about oneself as a
researcher and the research relationship (relationship to
the respondent, and how the relationship affected
participant’s answers to the questions). This study was
also concerned with how far research methodology and
data or information, gathered, are reliable or true through
being careful about the fair answers from the respondents.
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3.5 Ethical consideration

This study examined the factors (instructional,
demographic and psychological) that limit the effective
use of ICT in mathematics teaching and learning at the
secondary school level. Mathematics teachers and
students participated voluntarily in this research, trusting
the rules and regulations that allowed the researchers to
deliver open messages and deep conversations. The
researcher informed respondents in writing (consent
form), electronically and orally about the characteristics of
this study and their responsibilities as contributors.
Safeguards were implemented during the study to preserve
the identities of the participants and their voices. All
confidential guidelines and measures were followed to
ensure the protection of each participant in this study.
Before conducting this study, ethical clearance was
obtained from the Directorate of Research and Innovation
at the University of Rwanda, College of education.

4. Results and Discussion

This study showed factors that constrain effective
application of ICT in teaching and learning mathematics.
Valuing the preceding study and the scholars' works
describing this phenomenon bounded the researcher's
interest in exploring specifically instructional and



psychological factors. Studying about these factors
showed that, even if its application in teaching and
learning is helpful, there is still factors that can affect its
effectiveness, especially in teaching and learning
mathematics. Qualitative method with Grounded Theory
Design, inductive thematic analysis method was used to
collect and analyze data. The findings are the synthesis of
the participants' understanding and viewpoints on the issue
under investigation. The researcher constructed the study
background based on four fundamental questions to
investigate the instructional and psychological factors that
limit effective application of ICT in teaching and learning
mathematics:

(@) What are the instructional factors that constrain
the effective application of ICT in the teaching
and learning of mathematics?

(b) What are the psychological factors that constrain
the effective application of ICT in teaching and
learning of mathematics?

(c) What are the most powerful factors that constrain
the effective application of ICT in teaching and
learning of mathematics?

Findings and interpretation

This section presents the key shared thoughts of the
respondents. It shows the most common participants'
understanding about factors constraining effective
application of ICT in teaching and learning mathematics.
This includes some shared lived experiences and personal
viewpoints that respondents credited to the phenomena
being studied. As the research questions reflect the
researcher's ability to interpret the participants 'experience
and viewpoints, the participants shared their experience
and understanding through the semi-structured interviews,
open-ended questionnaires which were supported by
classroom observations. Researcher paid careful attention
about participants' understanding and opinions to the
phenomenon under study. The participants presented in
their own words, their understanding, insights, and
opinions in the whole research. The respondents
‘responses and classroom observation notes are based on
research questions. All research instruments that used in
this study was designed based on research questions as it
is explained in the section of data collection method. There
is questionnaire for mathematics teachers that composed
by ten open ended questions, semi-structured interview for
students that composed by nine open ended questions, and
classroom observation checklist with four main sections
based on instructional factors, psychological factors, and
general conclusion for whole observation.

In this study, there were mathematics teachers and
students as participants. The results from each of them was
analyzed in a complementary manner to answer research
questions and was not analyzed comparatively as that was
not the aim of the study. For each research question there
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was common opinions from the most participants. After
reading through interview transcripts, questionnaire
responses, and classroom observation notes, codes and
themes were created to draw general conclusions about the
phenomena under study by answering research questions.

What are the instructional factors that
constrain the effective application of ICT in
the teaching and learning of mathematics?

One of the participants as many others said that, every unit
of mathematics can be taught using ICT. The challenge is
that some mathematics teachers don't know how to use
ICT tools, and important mathematics software that are
not available. He added that, due to the lack of enough ICT
tools affect methodology in terms of time consuming for
lesson with ICT integrated. He concludes by saying that,
the effectiveness of using ICT is limited due to some
important mathematics software which are not updated or
available.

Another participant said that mathematics content fit with
ICT integration at fifty percent because of limited ICT
resources. This insufficiency also affects methodology
was used during teaching and learning mathematics. She
concluded by saying that, the available ICT tools are
helpful at high level and there is no challenge when they
are used in mathematics class. Therefore, the effectiveness
of using ICT is depend on the availability and relevancy
of ICT tools.

What are the psychological factors that
constrain the effective application of ICT in
teaching and learning of mathematics?

One of participants as many others said that, he has
positive attitude and belief toward use of ICT in teaching
mathematics and he always enjoys its importance in
teaching. He added that, this positive attitude helps him to
be confident while using ICT in mathematics lesson or
conducting research himself. He concludes by saying that,
this positive attitude, belief and being confident increases
effectiveness of using ICT in mathematics class and the
challenge remains as lack of enough ICT tools.

Another participant said that she has positive attitude
toward use of ICT in learning mathematics because it is
helpful even in real life. She added that her level of
confidence is in middle range because she does not have
enough skills about using ICT tools due lack of enough
ICT resources. She concludes by saying that, the
effectiveness in using ICT in mathematics depends on not
only attitude and being confident but also the ability to use
it.



What are the most powerful factors that
constrain the effective application of ICT in
teaching and learning of mathematics?

Data collected from semi-structured interviews, open-
ended questionnaires and classroom observations, as well
as insights into instructional factors (math content,
teaching methodology and ICT tools) show that all
mathematics content can be taught using ICT. It also
showed that the methodology used in traditional teaching
should be improved when mathematics teaching integrates
ICT. Regarding ICT tools used in teaching and learning
mathematics, the results show that they are still
insufficient, some of the tools available are not updated or
relevant, and some teachers and students do not have
sufficient skills to use the available tools resulted from
insufficient or irrelevant of ICT resources.

Psychological factors (attitude, belief and confidence in
using ICT in mathematics teaching and learning) indicate
that attitude, belief and level of confidence in relation to
the effectiveness of using ICT in mathematics teaching
and learning contribute positively, depending on the
availability and effectiveness of ICT tools. Most
participants have a positive attitude, good faith and a high
level of trust in the available ICT tools at their school, but
the challenge remains their inadequacy or incompatibility.

Therefore, among those discussed factors, it was found
that instructional factors are the most powerful factors that
are limiting the effective use of ICT in mathematics
teaching and learning due to insufficiency or irrelevant
ICT tools. In teaching and learning mathematics, there is
no formal method that teaches how and when to teach and
learn mathematics using ICT tools. As stated by most of
the participants, they acquired their knowledge about the
use of ICT in teaching and learning mathematics through
CPD or their self-research. The commitment of the
participants shows that when ICT tools are sufficient and
relevant for each school, psychological factors cannot
affect the effectiveness of using ICT in teaching and
learning mathematics, since every student and teacher has
all the basic and relevant knowledge and skills. Obviously,
if teachers cannot access ICT resources, then they will not
use them and will affect attitude, belief and self-
confidence toward use of ICT in teaching and learning of
mathematics.

Discussion on findings

Theme 1: Teaching mathematics and ICT
resources

This theme is based on the participants' opinions related to
the first research question. The findings from interview
protocols and answers to open questions are supported by
notes from observations of lessons. Most respondents
indicated that the effectiveness of ICT use in mathematics
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teaching is hampered by not having enough ICT tools
(hard or soft). They also added that some of the available
ICT tools are not updated or do not match the mathematics
content to be taught. Therefore, neither teaching
techniques nor mathematics content can affect the
effectiveness of using ICT in mathematics teaching if each
class is equipped with appropriate ICT tools for which
students and teachers can acquire and improve their ICT
skills used in teaching or learning mathematics, and in
other real life situation. Crisan et al. (2007) pointed at
factors related to technological tools, the system, and
teachers' preparation programs as one influencing the
integration of ICT in the classrooms where access to ICT
infrastructure and resources in schools is a necessary
condition to the integration of ICT in education.

Theme 2: Teachers and student insight
toward use of ICT in mathematics

This theme was created using different respondents’
perspectives and was based on second research question.
All respondents showed a positive attitude and belief in
the use of ICT in teaching or learning mathematics,
recognizing its importance for doing mathematics anytime
and anywhere. Most of participants indicated that they do
not feel safe using ICT tools because of their insufficiency.
They add that using traditional methods in teaching or
learning mathematics is not their choice, but it depends on
a lack of sufficient ICT resources where they only used to
use scientific calculators, their connected smartphones or
visit not well-equipped smart classroom. Using ICT in this
unfavorable situation can reduce students' or mathematics
teachers' confidence while using ICT, even they have
positive attitudes and beliefs toward the new technology.
Even if, if teachers’ attitudes are positive toward the use
of educational technology then they can easily provide
useful insight about the adoption and integration of ICT
into teaching and learning processes (Demirci, 2009). In
contrast, teachers' positive feelings towards the use of ICT
in mathematics lessons indicated that they would use ICT
in their actual lessons if the relevant conditions are met,
like rich workshops and an appropriate technological
infrastructure (Baya’a & Daher, 2013).

5. Conclusion and Recommendations

5.1 Conclusion

This research aimed at examining factors limiting the
effective use of ICT in teaching and learning mathematics
in ten selected secondary schools of Nyanza District. The
sample of 53 participants (mathematics teachers and
students) was purposively selected to convey opinions and
viewpoints through semi-structured interviews or
response to an open-ended questionnaire supported by
classroom observation. The obtained primary data was
used to answer research questions of this research



The findings of this study show that while there can be
many factors that affect the effectiveness of using ICT in
teaching and learning mathematics, there is the most
powerful among them. These are instructional factors that
include teaching methodology, mathematics content to be
taught and teaching materials (ICT tools for this study).
Regarding the themes discussed above, which involve
instructional and psychological factors, researchers
analyzing participants' opinions, perspectives, feelings,
and classroom observation notes indicated that
demographic and psychological factors depend on
instructional factors.

The dependence of psychological factors on instructional
factors was also observed through respondents' statements
on their attitudes, beliefs and self-confidence regarding the
use of ICT in teaching or learning mathematics. It was
found that all participants have a positive attitude and
belief towards the use of ICT in teaching and learning
mathematics because they find them relevant and helpful
when given the opportunity to use them. It was also found
that the problem of lack of confidence in using ICT in
teaching or learning mathematics depends on lack of
experience and sufficient skills in use. Experience and
skills in using ICT when teaching or learning mathematics
depend on the availability and relevance of ICT tools in
the teaching and learning environment. For instance,
effective adoption and integration of ICT into teaching in
schools depends mainly on the availability and
accessibility of ICT resources such as hardware, software
(Plomp & Voogt, 2009). Therefore, the effectiveness of
using ICT in mathematics also depends on its frequent use,
which will help develop students' and teachers' attitudes,
beliefs and levels of trust towards ICT tools.

5.2 Recommendations

The study recommends that educational department on
district level should reach out to schools to examine the
problem of the inadequacy of available ICT tools and their
insufficiency, and starting to find the way of solving this
issue. Mathematics teachers should conduct their self-
research on how ICT is integrated into mathematics
teaching and motivate students to do so.
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