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Abstract This paper aims to examine the impact of
digital tools in mathematics and the readiness of teachers
and students applying these interactive tools in teaching.
The data used in the research are obtained from the test
results of 526 students, in five secondary schools in North
Macedonia. The students in this research, are divided into
two groups: mainly as a control group and an experimental
group. The control group is the group of students who do
not have access to the interactive tools at home and who
use interactive tools only once a week in the school while
the group of students in the experimental group have access
to them and have the opportunity to use these interactive
applications every day. The students in the control group
and the experimental group were selected from the same
year and the gender equality of the groups was taken into
account. To further understand the relationship between
teaching with digital tools and learning after testing was
surveyed the participants. The results in our research
suggest that interactive teaching tools have a positive
impact on the teaching process and increase students'
knowledge.

Keywords Interactive Teaching Tools, E-learning,
Teaching, High School Mathematics and Knowledge

1. Introduction

One of the most important characteristics that
distinguish human beings from other living creatures is his
cognitive capacity of learning and teaching. Since the early
ages, the experiences of the oldest have been transferred to
the younger generation. Along with the development of
society, a more successful organization teaching process
should be required, also the acquisition of new knowledge
and skills from younger generations.

Today, education is reflected as a change in any
individual behavior and performs a process that aims at
training well-educated and emancipated people. In
education, students acquire the knowledge as well the skills
that they are able to use them for further improvement.
Teaching as the most significant part of education has two
objectives which are classified - as general and specific
objectives (Woolfolk, 2016). General objectives are
characterized by practical upbringing and educational
indicators. There is a mutual synthesis between these
characteristics, but there are some differences.

The student enters the educational process with their
own experience which has acquired in the family or own
environment. As a person, the student is part of the group
within the class but also is an individual in the learning
process (Reynolds & Miller, 2003).

Interactive education is an approach based on the
principle of "active learning". This is also called
"education without borders".

Learning is an individual process or activity. So, in order
for the person to learn new knowledge he needs the
experience to transfer from someone, i.e., he must
communicate with a stimulator around him (Glenda, 1996).
This stimulator in education activity is the “teacher”. For
this reason, it is necessary to develop a student’s sense of
responsibility and they must encourage them to participate
actively in the learning process from beginning to end.

In (Rao & DiCarlo, 2001) is shown that students learn
better and faster when they participate actively in the
teaching and they remember easily the facts and enjoy
learning. On the other hand, students who are passive and
uninterested namely forget quickly what they learned, and
as a result, they are suppressed in class and they don’t show
an interest or a desire toward learning.

In the interactive learning, students aren't passive
recipients of information, they are individuals who learn
and shape their lives. Instead of being passive listeners,



3616

they read, write, speak, are in relationships with each other,
apply the knowledge in everyday life, and solve problems.
Active learning increases the motivation and self-esteem of
students (Kimberly, 2002).

The educational process provides two activities. The
first “learning” and the second is “teaching". These are the
joint activities of students and teachers who are closely
related to each other (Piaget, 1972). The concept of
learning is one of the important points in the teaching
process. Students' interest and dignity are significant in a
learning activity, so it is essential for the development of
independent learning. Here it is important to note that the
student must be a guide of himself. Also, due to the
aforementioned reasons, the teacher should be a good
guide and a facilitator in education.

The constant progress in science and technology, causes
a rapid change, also development in society. This, in turn,
increases several behaviors that modern individuals need to
learn. In this context, it is expected that the individuals will
learn more about how to use the information than to
remember or memorize.

Memorization and recognition are in the lowest level of
learning as well as the reasoning and the application are at
the highest level (Selimi, Saracevic & Rushiti, 2018).
Learning new skills imply a student can fully learn some
skills, turn it into a knowledge that may be applied
practically. Learning can only take place with the active
participation of students. None, including the teacher, can
force an individual to learn if he/she doesn't want to do so.
The teacher is only a guide, that systematizes the steps and
helps in the education process. Learning is not like physical
growth. It does not require food; it is a set of activities that
require intellectual abilities.

2. Interactive Tools in Mathematics
Teaching

The development of modern technology progress
enabled the use of new methods and principles in
education. However, the new principles in the education
process have been established for students to keep up with
digital tools. These principles were given by Richard E.
Mayer under three main topics (Mayer, 2009). Interactive
content includes access to various information, whether
video and audio materials, presentations or multimedia
catalogs, in a word, all contents are displayed in a modern
and their attractive ways of use. In mathematics teaching,
Digital Videos represent a significant aspect in
communication. Creating videos provide a different, and
perhaps more interesting experience to help students
communicate and better understand the math problems
(Niess & Walker, 2010). Platforms that are
completed/realized with interactive content provide the
possibility of learning at home without a teacher's
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presence (Saracevic, 2012). Such a platform must be with
errors and meanings as small as possible that a student
will be able to learn not to misinterpret the content. In
(Hoyles & Noss, 2003) have revealed that using digital
tools shape learning. Thus working out with the digital
technologies, show prospect in assisting this endeavor.
The research (Monaghan & Trouche, 2016) indicated a
link between the mathematics teachers and the digital
tools and it determined that students and teachers have
opportunities using a multitude of digital tools that have
the potential to answer complex mathematical questions
and representations of mathematical objects and processes.
In addition to geometry, digital tools, are also being used
in teaching algebra. The digital tool's application in
algebra is presented at work (Bokhove & Drijvers, 2010).
It is concluded that teaching with digital tools scores
better results in the learning of concepts of algebra. The
paper (Holmes, 2009) results indicated that teachers
wanted to include interactive tools in teaching in varying
degrees. Also, it was determined that the visual nature of
digital technology motivates teachers to create activities
for the understanding of abstract concepts. The study
paper which was done by (Lin, Chen & Liu, 2017) had
shown that students agreed with digital learning in the
subject matter. In particular, increasing learning time with
digital tools relatively increases students to better and
more successful learning performance. Thus, this research
provides us with digital tools to help the teachers make
better use of teaching strategies, also to create more
achievable learning opportunities for students' interactive
learning.

In addition, when he needs help to understand a certain
matter, the computer "has got to be ready” to provide us
with the required assistance. This kind of teaching where
the digital tools play the role of a teacher is represented in
the world. The advantages of using digital tools in
teaching are multiplied, and interactivity and individual
attention could be emphasized as the main ones
(Vilotijevi¢, 1999). The first advantage is that the digital
tools allow each student to play an active role in the
learning process, as opposed to the passive role of the
book. The student is no longer an observer but an active
participant in the learning process.

Another advantage relates us to the fact that teachers
need to know that students are different, i.e. they all do
not have the same knowledge and do not learn in the same
way. However, many of our conventional educational
approaches use rigid procedures for all students and do
not allow them that these differences to be taken into
account. The advantage of computers is that good
software can individualize the teaching environment
(Djukic, 1995).

All students do not learn at the same speed, i.e. each
one needs different time allocations to go through the
material. The computer also allows them to do so. The
animation is the rapid display of sequences of 2D or 3D
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images or the position of the model set up to create an
illusion of motion. This is the optical illusion of motion
due to the phenomena of the persistence of vision and this
can be made and displayed in different ways (Weiss,
Knowlton & Morrison, 2002).

The most commonly used methods of displaying are
animations, pictures or videos. Computer Simulation is a
computer-generated experiment. A key part of any
Computer Simulation is a model that includes sizes whose
values are unpredictable and therefore caused by the
appropriate population (Atkinson, 2005). The model is
most often represented by the use of a computer program,
and the program actually causes random variables,
executes model calculations, and reports the outcome,
usually in the form of one or more numeric values.

In the contemporary teaching, we encounter to a
multitude of different multimedia content that contributes
to the quality of teaching, increasing motivation,
progressive realization of subjects and better progression
of individuals according to their intellectual abilities
(Saracevic, Milosevic & Masovic, 2012). Using the
information and communication technologies, especially
tools and technologies in electronic learning, participants
will be able to expand, thus apply their already acquired
knowledge, because modern teaching approaches aim in
applying to have acquired theoretical knowledge in
practice (Namestovski, 2008). Interactive teaching content
is one special type of teaching using computers which are
applicable in all disciplines, especially in the natural and
technical sciences where there is a real need for
visualization of the processes (Popovié, 2010).

The most popular tools used to create applets for the
teaching of mathematics are (Saracevic, Milosevic &
Masovic, 2012):
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Geogebra is a tool, that due to the possibility of the
dynamic display and interactivity of mathematical objects
in teaching, it is used for explaining, researching and
modeling mathematical concepts and their interrelations
(Markus & Hohenwarter, 2009). GeoGebra is a program
for dynamic mathematics that links geometry, algebra, and
mathematical analysis. It is developed for teaching and
learning mathematics at schools. GeoGebra has three
different concepts of mathematical objects - graphical
representation, algebraic (numerical) display, and tabular
display. It is possible to display the mathematical objects in
three different forms by using them.

Unlike the paper sketch, which represents a static model,
in Geogebra, it is possible to change certain parameters in
the graphics window. In the process of constructing
mathematical objects, certain parameters are defined there
that needs to be applicable on the screen. This is enabled
using the slider. The dynamism of the Geogebra program is
particularly suitable for observation and visualization of
certain mathematical objects dependencies on certain
parameters. For example, when dealing with the
dependence of the linear function y = mx + n from the
parameters m and n, when drawing the function graphs in
the Geogebra program, the parameters m and n can be
defined to be variable in the image by the slider. Thus, the
student will be able to monitor the change of appearance of
the graphic of the function depending on the parameters
mentioned and to be encouraged to perform independently
to the conclusions.
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Figure 1. GeoGebra package environment
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Figure 2. Mathematica software package environment

MATHEMATICA is a software that solves symbolical
and numerical problems from different fields of
mathematics, physics and other fields of science,
technology, finance, medicine, research, education, etc. It
is intended to help to solve already known and/or studied
problems, as well as researchers who can use it for the most
complicated calculations and analyses (Stanimirovic et al.,
2002). So far it has been used for practical purposes.
Furthermore, it has provided help in solving many
theoretical problems. The application of mathematics
extends to all fields of science, technology, and business.
This  software  package has  great features.
MATHEMATICA is especially suitable for the following
applications: processing of numerical data,

* the ability of symbolic processing,
* a system for the graphical display of data and
functions.

Most of the users of the “MATHEMATICA” package
are professionals in the field of engineering. However, it is
actively used in education. Hundreds of courses, starting
from higher Educational Institutions, such as secondary
schools are based on the software package
“MATHEMATICA”. Also, the use of different versions
became an important tool for students at all levels of
education. Users of this package are located in all countries,
including all ages, all kinds of occupations, i.e. engineers,
teachers, artists, composers, linguists, and medical
workers.

The WIRIS, together with some additional features, is a
tool that is extremely useful for collaborative work in the
form of chatting or online conferencing (Saracevic et al.
2012). New software tools can be used by teachers and
students. In mathematics teaching these tools can be
applied in testing development, with a set of questions or
tasks where the teacher is eager to check how much the
student has understood the material which is presented
during the teaching time. Knowledge testing is one of the
most objective tools that enable students to measure
knowledge and assess the quality of the education system

(Selimi & Saracevic, 2017). These types of tests are also
known as tests for assessing success because it
measures/assesses the information they receive during their
education. Tasks in these tests are divided into
reproductive and recognition tasks according to the form of
their formulation.
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Figure 3. WirisQuiz package environment

3. Research Methodology

To collect data and determine the impact of the
application of modern technologies in the material
handling, identical pre-tests and post-tests are prepared,
that is, tests that mainly evaluate re-agency and
reproduction of the mathematical facts. Pre-test data was
evaluated through relevant procedures and results are
processed in terms of both groups. Three months later of
learning using interactive applications, both groups were
applied post-testing. After posting the post-testing results,
a survey was conducted for all students and teachers who
are part of the research sample.

Materials

Two tests were used in the study and they were used for
both groups. Tests consisted of different types of tasks. In
the first type, the student-constructed and wrote the
solution. In this set of tasks there were two types of
questions:
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Recognition type: they examined whether a student
was able to find the correct answer;

Filling type: the student completes the text, it fills the
gap in the sentence or more sentences.

In the second type there were tasks in which the students
choose with the correct options from the multiple choices,
where four types of tasks were most commonly used:

*  Type of double choice ("true-false"): students judges
whether the claims in the tasks were correct or
incorrect;

Type of multiple choice: the students had to choose
the correct answer or option between the multiple
solutions offered;

Type of comparison: here students compared the
presented two or three concepts (concepts, events)
Ordering type: the students arranged the data in the
solution according to a certain criterion.

Item questions with double and multiple-choice
represent the knowledge that primarily is in the recognition
level, while the comparison tasks could examine the
understanding of teaching contents, facts, intellectual
abilities and ability of applicable knowledge (Strugar,
2006). Each of the types of tasks had its advantages and
disadvantages. The presence of a particular type of tasks in
a test indicated the activities that are expected from student,
which actually speak about the quality of the knowledge,
which meant that the knowledge could range from the
lowest quality such as recognition (type of double choice,
type of multiple-choice), at the higher levels like a
reproduction, operational (applicable, applicative) (eg type
of affiliation and association) or creative (productive)
knowledge (Poljak, 1991).

Procedure for data collection and test score

The data collection process involves three steps:
pre-tests, post-tests, and students’/teachers’ survey. The
implementation of each step in this research lasted for ten
weeks. The pre-testing aimed to identify the possible
problems that would arise in the post-testing. The third step
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analyzed the results obtained from the questionnaires. Each
questionnaire was reviewed individually, no revision of the
questionnaires was carried out based on the collected data
in the evaluation phase, as it was found that there were no
questionnaires in which there were illogical answers and an
assessment was made to a total of 547 respondents.

4. Results

The first procedure in the data analysis process was to
calculate the arithmetic mean and standard deviations
between pretest and posttest results of the control and
experimental group. In each test, a total of 80 points were
obtained.

Table 1. Pre-test results
Std. Std. Error
Group N Mean Deviation| Mean
Control group 263 | 56.26 | 12.368 763
Pretest -
results | Experimental 100 g0 13 10034 | 674
Group

In Table 1 we see that the arithmetic mean and the
standard deviation of the result of the pretest for both
groups was very close. It followed that the levels of
mathematical knowledge for both groups were almost the
same. After this step, next, we needed to do was to decide
on the next procedure, that would analyze the results of the
pretest. To select the appropriate procedure, we considered
the distribution of the results for which we could see that
was close to a normal distribution. For this reason, we
determined the Independent-Samples T-Test as an analysis
procedure, because this test represented a convenient
procedure for analyzing data with a normal distribution.

Although the arithmetic means and standard deviation
from the results of the pretest for both groups were very
close, this was not enough for us to ensure that these two
groups were comparable. To identify whether the groups
were comparable, we applied the Levene Test for Equality
of Variances to the obtained results. To this end, we gave
the following null and alternative hypotheses for the results
of the pretest:

e _
HO' Jpre_cant‘r'o.! —

. 2
Ha' Upre_contro.[ 7

2
o'pre_ex'perimental
2
Jpre_exp erimental
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These hypotheses were tested at a 0.05 significance level,
which means that the results had been at a 95% confidence
interval. If the significance of equality of variance in the
pretest results was less than 0.05, Hy is rejected, while H, is
accepted. The results of the Levene Test for Equality of
Variances were given in Table 2.

Table 2. Independent-Samples t Test results for pretest

Impact of Using Digital Tools in High School Mathematics: A Case Study in North Macedonia

Similar to the pretest procedure, the results of the
posttest were examined. According to the findings, the
results were normally distributed and we applied the
Independent-Samples T-Test. In order to find out whether
both group's posttest scores were comparable or not, again
we applied Levene’s Test for Equality of Variances. A null
and an alternative hypothesis we gave similarly as in the
case of the pre-test.

From the results in Table 2, it can be seen that the
significance level was 0.163 which was greater than 0.05
so that Hy is accepted. In other words, these results were
provided by two comparable groups, since the differences
in the pretest results of the control and experimental group
were the same. Therefore, we conclude that both groups
were almost identical in pre-testing. Afterward, these two
groups began to receive instruction on interactive tools.
The experimental group had internet access and the ability
to use interactive applications on a daily basis, while the
control group used these tools only once a week at school.

General statistics of posttest results

Identically as in pretest, we test the performance of both
groups with the posttest. Posttest results are given in Table
3.

Table 3. Posttest results

Levene's Test for Equality of
Variances 2 _ 2
Hl}' Jpost_r:ontrﬂ! _ o-post_experimentai
F Sig. .2
Ha- Opost_control + Opost_experimental
Equal variances 1.950 163 .
Pretest assumed : : The hypotheses were tested at the 0,05 significance
results | Equal Varianfies not level, which meant that the results had been in the 95%
assume

confidence interval. The results of Levene’s Test for
Equality of Variances for the posttest were given in Table
4.

Table 4. Independent-Samples t Test results for posttest
Levene's Test for Equality of
Variances
F Sig.
Equal variances

Posttest assumed 625 429

results | Equal variances not
assumed

From the results in Table 4, we see that the significance
in the posttest was 0.429 which was greater than 0.05 so
that Hy is accepted. This shows that we had two
comparable groups in terms of their results after testing
because the difference in the results of their tests was the
same. Thus, we can conclude that the effectiveness of
applying interactive applications for mathematics learning
can be used in results measuring in these two groups.

We applied t-Test for Equality of Means to compare the

Group N Mean Std. Std. Error
Deviation | Mean average success for both groups. The results of the tests
Postiest | Control group | 263 | 61.73 | 11.063 682 were given in Table 5 and listed in Table 6.
results | Experimental |63 | 67 49 | 11916 735
Group
Table 5. Pre-test results
t-test for Equality of Means
95% Confidence Interval of the
T df Sig. (2-tailed) Mean Difference S:?t;e}ri;ire Difference
Lower Upper
134 524 .893 137 1.018 -1.863 2.137
134 516.236 .893 137 1.018 -1.863 2.137
Table 6. Posttest results
t-test for Equality of Means
95% Confidence Interval of
T df Sig. (2-tailed) Mean Difference Sf‘fifef;‘fe the Difference
Lower Upper
-5.746 524 .002 -5.760 1.003 -7.730 -3.791
-5.746 521.136 .002 -5.760 1.003 -7.730 -3.791
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The null and alternative hypotheses of the average success in pretest and post-test are as follows:

H, 0: .upre_r:ontrol — Iup re_experimental
Ha . Iup re_control * nupre_expe‘r imental

HO: nuposf_r:ontroi = Au'post_experfmenta[

Ha: nupost_r:o ntrol + Iupost_experimental

From Table 5 we see that the significance value was
0.893 which was greater than 0.05, so Hy was accepted.
This result shows that there is no significant difference in
the success of the two groups in the pretension and this is
indicated with a confidence of 95%. In other words, the
experimental and control groups were almost identical
before applying interactive applications.

According to the results in Table 6, we see that the value
of the meaning was 0.02 <0.05, so in this case, Ha is
accepted. This means that there was a significant difference
in the success of the control group and the experimental
group in the posttest. Consequently, we conclude that there
was sufficient evidence to suggest that interactive tools are
more effective in learning mathematics as a discipline. The
second objective of this paper is to examine the students'
attitudes towards their responsibility for their learning. The
learners’ autonomy plays an important role in the process
of learning mathematics. In this paper, we are particularly
interested in how to improve motivation and the ability to
learn mathematics independently. According to the results
of this study, we should note that the students' motivation
for attending online teaching is far greater than the students’
who attend only traditional classes. In particular, we can
give an example that in the tasks that were an integral part
of the activity for each week, student’s responses were
more complete and much better understood what was being
asked to them. The results of the questionnaires were used
to find the answer to the following questions in this
research. In item questioned as: "Do you prefer classical
classes or classes with interactive tools?" 11% (58)
students answered classical and 89% (468) classes with

interactive teaching tools.

_classical
teaching
11%

Interactive
teaching
89

Graph 1. Types of classes

As areason for that, they stated the following:

e It was very important in geometry learning, animation,
and visualization of the problem;

*  Some things were better seen and understood; in this
way, the problem-solution was quickly found;

* It was more interesting, some things were better
understood and easier to remember;

e It was much easier to understand the material in this
way, it would be useful to apply in such classes of
other subjects, especially in chemistry and physics;

e It was generally more interesting, but the traditional
courses could be more interesting, it depended on the
teacher;

In item questioned as: "Why do you think you easily
learn, understand and solve problems using interactive
tools in your classroom and your own work?" Students
gave the following answers shown in Graph 2.
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Graph 2. Results about the reasons

The fact is that important obstacles in the learning
process with interactive tools were the teachers educated
within traditional educational methods. These teachers
were not ready for a change in their teaching way. This
resistance of teachers has reflected in the sentences "this
kind of teaching is not possible" or "I can not do it".

5. Discussion and Conclusions

One of the most important findings of our research is
that the lessons with digital tools motivate students and
decrease the attention problems compared to the lessons
with classical methods. The use of digital tools in lessons
showed that it had a positive effect on the learning process
of students. We detected that the findings match with the
results that had been obtained in the findings papers
(Holmes, 2009) and (Bokhove & Drijvers, 2010). As in
(Atkinson, 2005) and (Lin, Chen & Liu, 2017), also the
findings of our study showed that digital tools improved
the training process. However, the digital tools help
students to prepare different types of projects and provide
distance education. Thus, we found that success is higher
for those students who knew how to use digital tools. Our
other findings have shown that with digital tools students
gain faster and more applicable information. The fact that
animation can be given much more information than
classical teaching methods shows that the number of
courses taken with digital tools should increase. In other
words, the use of digital tools in teaching and has a positive
impact on the learning process of students. During our
research, some new questions have emerged that need
additional research:

*  In which classes should we use digital tools?
*  In which areas of mathematics are more effective to
use digital tools (geometry or algebra)?

e  What are the additional steps that should be taken to
help students understand the lesson with digital tools?

The second finding discovered in this research is the
emotional nature of the students. Because of their
unsuccessful experience in the past, some students still
willing to stay connected to information coming from
teachers. Students who are not accustomed to the freedom
and responsibility have difficulties to achieve results in
teaching with digital tools.

Since 2002 great efforts have been made in North
Macedonia to develop a curriculum that supports teaching
with digital tools. Especially some reforms have been
realized using the curriculum of the gymnasium and
secondary vocational schools. It's common that at
secondary schools there are very limited resources such as
texts, sequential books, and textbooks. Thus, there is still
very low, the number of schools with good conditions for
the realization of teaching with digital tools. For these
reasons, in many schools, the application of learning with
digital tools is very difficult. Schools that do not have
digital equipment, we suggest the educational centers to
use the mobile version of interactive tools that are available
in Android and iPhone smartphones for analyzing the
impact of using digital tools.

New trends can be only monitored with good education
and teaching. Education influences the development of
individual skills of people fulfills the expectations of the
community contributes to the development of the culture
and civilization of any country. Quality education can be
achieved using digital tools, with well-educated teachers
who will present their students with modern teaching
approaches and needs in this century.

To this end, below we set out several suggestions that
can solve the problems that arise in the realization of
learning with digital tools at schools. The educational
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environment should be equipped with tools that will enable
students to learn specific knowledge according to the
characteristics of the subject. Creating an educational
environment in which students will be active researchers,
examiners. Solving problems using appropriate methods
and techniques. Courses should be adapted to the processes
of interactive learning. Students should be allowed to
learn practical work. Each teacher has to understand that
the teacher is the guide in the classroom, not the authority.
The democratic structure should be established at school
and in the classroom; Students need to learn more about
democratic behavior and tolerance. It is necessary to
organize additional training for teachers about methods and
techniques related to the access to interactive learning in
teaching.

For further educational matters, we propose that we
should conduct similar studies using digital tools to
younger students of different age groups and to apply
comparative analysis to/for the results to high school
students. However, on the basis of the comparative analysis,
also the use of these tools in other subjects can be studied
that correlate with mathematics, such as physics, chemistry,
and biology.
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