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INTRODUCTION 

The importance of integrating digital educational resources (DERs) in mathematics education cannot be overstated in 
the modern educational landscape. As the world continues to evolve towards a more technologically advanced society, 
the traditional methods of teaching mathematics are increasingly becoming obsolete. The need for educators to adapt 
and embrace digital tools and resources is more critical than ever to ensure that students are equipped with the necessary 
skills to thrive in the 21st century. 

Scholars continuously investigate ways of enhancing thinking abilities, such as systems thinking [1], coding and 
computational thinking [2], and design thinking [3]. Authors’ opinions coincide on this issue, and as Avsec summed up 
developing thinking skills allows to establish prerequisites for meaningful learning experiences that influence 
a pedagogical shift [3].  

The role of digital resources in mathematics education has been extensively studied, highlighting their potential to 
enhance students’ engagement, motivation and learning outcomes. However, the effectiveness of these resources is 
contingent upon the teachers’ ability to integrate them into their teaching practices effectively. This underscores the 
importance of providing adequate support and training for teachers to harness the full potential of DERs. 

Despite the recognised benefits of the use of interactive simulations and visualisations in education, there remains a gap 
in the literature regarding the specific impact of these tools on the development of logical thinking skills of future 
educators. Given the significance of preparing future mathematics teachers with the skills to navigate and utilise digital 
resources effectively, research in this area is of paramount importance. It is essential to understand how interactive 
simulations and visualisations can be integrated into teacher training programmes to improve the quality of mathematics 
education. Therefore, studies dedicated to developing and evaluating the use of DERs in mathematics teacher education 
are both timely and necessary. 

In conclusion, the investigation into the use of DERs, particularly interactive simulations and visualisations, in 
mathematics education is a critical and relevant area of research. The findings from such studies have the potential to 
significantly enhance the quality of education, making this line of inquiry highly pertinent in the contemporary 
educational context. 
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LITERATURE REVIEW AND PROBLEM STATEMENT 

The integration of technology in education is a topic of ongoing debate, where proponents argue that digital tools 
enhance learning outcomes, facilitate interactive learning and prepare students for modern educational environments. 
Studies have shown that blended learning, which combines traditional narrative instruction and integration of 
technology, produces positive effects on learning effectiveness [4][5]. Mobile learning (m-learning) also facilitates 
deeper engagement with content, with many studies reporting positive outcomes [6-8]. Additionally, digital tools can 
bridge the gap between theoretical knowledge and practical application, aligning learning with current technological 
advancements [9][10]. 

However, critics highlight potential drawbacks, such as over-reliance on technology, which may undermine foundational 
teaching skills [11][12]. There are also significant concerns about inequities in access to technological resources, which 
can lead to disparities in educational outcomes [13][14]. Furthermore, digital devices can be distracting, negatively 
impacting concentration and academic performance [15]. 

The effectiveness of DERs in mathematics education has been a focus of scholarly investigation. Studies by Zainuddin 
and Perera demonstrate the potential of DERs to enhance student engagement, motivation and learning outcomes, yet 
they do not specifically address the impact on logical thinking skills among future mathematics teachers [16][17]. 

Research by other authors has shown that DERs promote active learning, problem-solving skills and critical thinking, 
but there remains a gap in understanding their contribution to developing logical thinking skills in prospective 
mathematics teachers [16-18]. Furthermore, while DERs are praised for creating personalised learning experiences and 
accommodating diverse learning styles, the challenge of selecting and integrating appropriate resources effectively into 
teaching practices remains underexplored. 

Successful integration of DERs in mathematics education requires teachers to possess adequate pedagogical and 
technical skills. Scholars like Kunene and Havenga [2], and Yessingeldinov et al [19] argue that these skills must be 
complemented by sufficient thinking skills, highlighting the need for further investigation into the training and 
professional development of future mathematics teachers to use DERs effectively [2][19]. 

Additionally, studies have indicated that teachers’ attitudes and self-efficacy significantly influence the integration of 
DERs [19][20]. However, the literature lacks a comprehensive analysis of how these factors affect the enhancement of 
logical thinking skills among future mathematics teachers. 

Given these gaps in the literature, there is a clear need for empirical research to investigate the impact of digital 
educational resources - particularly interactive simulations, visualisations and other digital tools - on enhancing the 
logical thinking skills of future mathematics teachers. This research aims to address this gap by comparing traditional 
and digital methods to evaluate their effectiveness in developing logical thinking abilities, as discussed in previous 
sections. 

THE AIM AND OBJECTIVES OF THE STUDY 

The aim of the study is to empirically investigate the impact of digital educational resources on enhancing logical thinking 
skills of future mathematics teachers, with a focus on interactive simulations, visualisations and other digital tools.  

To achieve this aim, the following objectives need to be accomplished: 

1. Conducting experimental studies to assess the impact of various digital educational resources on the logical
thinking skills of future mathematics teachers. This involves pre-test and post-test assessments to measure changes
in logical thinking skills.

2. Analysing specific contributions of interactive simulations and visualisations and quantifying the improvement in
logical thinking skills. Determining the magnitude of improvement in logical thinking skills among participants
after exposure to digital educational resources to provide empirical evidence of the effectiveness of these
resources.

3. Exploring participants’ perceptions and experience through survey and questionnaire to gather deep qualitative
insights regarding the use of digital educational resources.

To accomplish the mentioned aim and objectives, the research design described in the following section has been used. 

MATERIALS AND METHODS 

The present section focuses on the methodology employed to investigate the effectiveness of interactive simulations and 
visualisations as digital educational resources in enhancing the logical thinking skills of prospective mathematics 
teachers. The study consisted of three main stages as illustrated in Figure 1. 
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Figure 1: Research process overview. 

The first stage was pre-testing which aimed to identify the level of logical thinking of students - future teachers of 
mathematics with the GALT test developed by Vantipa Roadrangka [21]. 

The second stage involved random division of participants into two groups (experimental group, control group), 
studying the research problem and application of the proposed methodology to the experimental group. 

In the third stage, all of the participants took the GALT test again and shared their experiences and opinions of the 
learning process in the questionnaire. 

Research Context 

The research was conducted on the Methods of solving non-standard problems in mathematics module which lasted 15 
weeks and consisted of 45 academic hours: 15 lectures and 30 practical seminars, 50 minutes each.  

Table 1: Curriculum and DERs employed in the experimental group. 

Name of the 
discipline modules Duration Skills being 

formed 

Experimental group 

DER type Training 
format 

Duration 
Lecture Seminar 

Module 1. Non-
standard methods for 
solving algebraic 
equations 

5 weeks 
5 lectures 
10 seminars 

Evaluation, 
analysis, 
synthesis, abstract 
thinking, logical 
reasoning 

PhET Interactive 
Simulations 

Individually 2 4 

MathCad In pairs 2 4 
MS Excel In pairs 1 2 
Photomath Individually Not 

limited 
Not 

limited 
Module 2. Equations 
and inequalities 
containing radicals, 
degrees and modules 

7 weeks 
7 lectures 
14 seminars 

Analytical 
thinking, deductive 
thinking, inductive 
thinking, logical 
reasoning  

Wolfram Alpha  Individually 3 6 
Khan Academy  In groups 2 4 
MS Excel In pairs 2 4 
Photomath Individually Not 

limited 
Not 

limited 
Module 3. Solving 
equations and 
inequalities using the 
properties of the 
functions included in 
them 

3 weeks 
3 lectures 
6 seminars 

Combinatorial 
thinking, critical 
thinking, abstract 
thinking 

Desmos In groups 2 4 

Microsoft Math 
Solver 

In pairs 1 2 

Photomath Individually Not 
limited 

Not 
limited 

In the experimental group, lectures were conducted in a collaborative format, where participants engaged with non-
standard problem formats designed to enhance logical thinking and reasoning. These sessions utilised digital tools 
incorporating elements of data visualisation to facilitate understanding. During practical seminars, interactive digital 
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simulators and mathematical platforms were employed to support independent problem solving, as well as problem 
formulation in individual, paired and group settings, as illustrated in Table 1. 

Conversely, the control group followed a traditional instructional approach, relying on conventional tools, such as the 
blackboard, notebooks and textbooks. The curriculum adhered strictly to the general syllabus, with classes conducted in 
a standard classroom-lesson format, devoid of innovative technologies and contemporary teaching methods. 

Sample 

The research involved 80 students (n = 22.27% males and n = 58.72.5% females) of the Faculty of Natural Science of 
pedagogical specialties, studying in educational programmes 6B01501 - Mathematics and 6B01502 - Mathematics-
Computer Science at I. Zhansugurov Zhetysu State University, Taldykorgan, Republic of Kazakhstan. All of the participants 
were in their last year pursuing education to become future teachers of mathematics. The research covered the 2022/2023 
academic year. The research covered two semesters, where 42 students of educational programme 6B01501 - Mathematics 
(52.5%) took part in the research in the first semester and 38 students of educational programme 6B01502 - Mathematics-
Computer Science (47.5%) in the second semester, respectively. The average age of participants was 19.7 years (Table 2). 
The study was conducted in the research laboratories of the University. Ethical approval was obtained from the University 
Ethics Committee and all participants provided written informed consent. 

Table 2: Demographics of the participants. 

Educational 
programme 

Gender Year of study 
(4th year) 

Age Control 
group 

Experimental 
group Fem Male 18y 19y 20y 

6B01501 Mathematics 29 13 42 2 9 31 21 21 
6B01502 Mathematics- 
Computer Science 

27 11 38 1 7 30 19 19 

Overall 58 22 80 3 16 61 40 40 
72.5% 27.5% 100% 3.75% 20% 76.5% 50% 50% 

Research Tools 

The logical thinking of future mathematics teachers before and after training was assessed using the diagnostic GALT 
test, which consists of 40 non-standardised questions and assesses the level of logical thinking in six reasoning skills. 
Figure 2 illustrates these six skills, with a brief description and a sample task for each of them.  

Figure 2: Types of reasoning, thinking skills and examples used in testing participants. 
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In addition to GALT testing, participants were surveyed and given the opportunity to express their opinions and 
satisfaction rate using a 5-point Likert scale (where 0 was totally disagree and 5 was totally agree). The validity checks 
of the questionnaire showed that the mean value of Cronbach’s α equalled to 0.86.  

Empirical Referents for Transformative Learning 

Building on the GALT test, the following thinking skills were identified as referents for learning during the application of 
digital resources in the experiential learning: increased abstract thinking, improved deductive reasoning skills, ability to 
analyse complex problems, evaluate reasoning, improved memory and attention, quick and accurate solution of logical 
problems, development and testing of hypotheses, and increased satisfaction and engagement.   

These skills affect the ability to understand material in depth, analyse and evaluate information, increase motivation to 
learn, and implement projects and practical tasks, leading to effective mathematics learning and thinking skills.  

Procedure and Data Analysis 

A diagnostic GALT test was prepared in Google Forms, with 40 open and closed questions of theoretical and practical 
nature, for each correct answer students received 0.5 points, which resulted in a maximum of 20 points. The pre-test was 
sent out in the group chats of the university e-journal and was taken by both experimental and control group students one 
week before the start of the study, and the result was recorded as pre-test in an Excel dataset. At the end of the relevant 
semester, the control and experimental groups took the GALT test again with a different set of questions and the data 
collected was recorded as post-test. The student satisfaction questionnaire was administered to the students one week 
after course completion.  

The collected data was analysed in SmartPLS 4 software, where standard deviation (SD), mean (x̄), variance (s2) and 
margin of error (confidence interval) (sx̄) were calculated, which made it possible to identify and confirm the 
distribution of pre-test results within each group, to determine changes in the variability of post-test results after the 
application of digital tools in the teaching process, and to compare the consistency of improvements between the control 
and experimental groups. Additionally, a t-test for independent samples was employed to compare populations based on 
quantitative attributes. This statistical method was utilised to assess the significance of changes in the development of 
logical thinking among future mathematics teachers facilitated by the use of digital resources. By applying this rigorous 
statistical analysis, the authors aimed to provide a comprehensive evaluation of the impact of digital tools on enhancing 
logical reasoning skills. 

RESULTS 

The results of this study provide empirical evidence of the effectiveness of digital educational resources in enhancing the 
logical thinking skills of future mathematics teachers, as demonstrated through experimental studies, analysis of specific 
contributions of interactive simulations and visualisations, and exploration of participants’ perceptions and experiences. 

The level of logical thinking among final-year students in pedagogical mathematics and mathematics-computer science 
was assessed using the GALT diagnostic test. This test comprises 40 questions evaluating six core logical thinking skills 
(Table 3), with each question valued at 0.5 points. In the pre-test, future mathematics teachers in both the control and 
experimental groups demonstrated an average score of 11.80 out of a possible 20 points, equating to 59%. This baseline 
measurement indicates that, on average, students exhibited a moderate level of logical thinking skills prior to the 
intervention (Table 3). 

Table 3: Pre-test and post-test results of the control and experimental group. 

Pre-test Post-test Differ. 

Logical thinking 
component 

Maximum 
value 

M 
(x̄) 

SD ME 
(sx̄) 

V 
(s2) 

M 
(x̄) 

SD ME 
(sx̄) 

V 
(s2) 

Mpost-
test -

Mpre-
test 

Control group 
Conservation thinking 4 2.10 0.38 0.06 0.15 2.45 0.40 0.06 0.16 0.35 
Proportional thinking 4 2.40 0.39 0.06 0.15 2.93 0.39 0.06 0.15 0.53 
Controlling thinking 3 1.75 0.33 0.05 0.11 2.00 0.29 0.04 0.08 0.25 
Probabilistic thinking 3 1.80 0.22 0.05 0.03 2.28 0.25 0.06 0.03 0.48 
Correlation thinking 3 1.90 0.32 0.05 0.10 2.28 0.25 0.06 0.03 0.38 
Combinatorial thinking 3 1.72 0.39 0.06 0.15 1.95 0.15 0.02 0.02 0.23 
Total score 11.80 0.86 0.13 0.74 14.00 1.55 0.24 2.42 2.20 
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Experimental group 
Conservation thinking 4 2.00 0.45 0.07 0.20 3.40 0.48 0.07 0.23 1.40 
Proportional thinking 4 1.86 0.51 0.08 0.26 3.62 0.37 0.05 0.13 1.76 
Controlling thinking 3 1.76 0.35 0.05 0.12 2.47 0.39 0.06 0.15 0.71 
Probabilistic thinking 3 2.00 0.34 0.05 0.12 2.70 0.29 0.04 0.08 0.70 
Correlation thinking 3 1.90 0.36 0.05 0.13 2.75 0.25 0.04 0.06 0.85 
Combinatorial thinking 3 2.00 0.29 0.04 0.08 2.50 0.40 0.06 0.16 0.50 
Total score 11.80 0.98 0.15 0.97 17.50 2.03 0.32 4.14 5.70 

The post-test results, following the application of digital tools in teaching the experimental group through non-standard 
contextual problems, revealed an average score of 14.0 points in the control group and 17.5 points in the experimental 
group. A visual comparison of pre- and post-test results underscores the effectiveness of incorporating digital tools in 
teaching future mathematics teachers, particularly in enhancing their ability to solve practical tasks that develop higher-
order thinking abilities, including logical thinking and reasoning (Table 3). 

A detailed analysis of the standard deviation alongside the mean further substantiates these findings. The post-test 
results indicated a mean score of 14.00 with a standard deviation of 1.55 in the control group, and a mean score of 17.50 
with a standard deviation of 2.03 in the experimental group. This analysis demonstrates a significant improvement in 
logical thinking skills across six areas in the experimental group, evidenced by a post-test increase of 5.70 points from 
the pre-test scores. In contrast, the control group exhibited a more modest increase of only 2.20 points. This statistical 
analysis validates the effectiveness of the teaching methodology in enhancing the logical thinking skills of students 
(Table 3). 

Figure 3: Pre-test and post-test results of the participants divided by the type of thinking. 

Figure 3 shows the detailed dynamics of the development of logical thinking of future teachers of mathematics for each 
type of thinking process in the control and experimental group before and after the experiment. According to the results 
of the study (Table 3, Figure 3), regular and systematic solving of non-standard problems contributed to the increase in 
the development of logical thinking skills. But nevertheless, according to this diagram one can observe how DERs in the 
experimental group significantly increased the effectiveness of this process, compared to the traditional method that was 
applied in the control group.   

In order to calculate significant differences in mean values between pre- and post-test results, the t-test of independent 
samples was used. This test was conducted with the help of Python programming language, using statistical modules 
(Table 4).  

Table 4: Values of t-test and p-test. 

Pre-test Post-test 
t-statistics p-value t-statistics p-value 

-0.49 0.63 -11.73 6.65e-19 

The analysis of these data reveals no statistically significant difference in the pre-test results between the control group 
and the experimental group, as indicated by a p-value greater than 0.05 (p > 0.05). This suggests that before the 
experiment, the logical thinking levels were equivalent in both groups, establishing comparable initial conditions. 
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However, the post-test results reveal a significant difference, with the p-value much lower than the standard threshold of 
p < 0.05, indicating statistically significant differences between the control and experimental groups. This finding 
substantiates that the use of DERs in the experimental group positively influenced the development of logical thinking 
skills among future mathematics teachers. Changes in the six targeted thinking skills are illustrated in Figure 3. 

To further assess and measure satisfaction with the teaching process, a questionnaire using a 5-point Likert scale was 
developed and administered. The scale ranged from 0 (totally disagree) to 5 (totally agree). The questionnaire 
encompassed six main components of the learning process: quality of content, teaching methodology, involvement and 
interaction, practical implementation, support and resources, and educational environment, with five questions for each 
component (Table 5).  

Table 5: Results of the questionnaire. 

Component Quality of 
content 

Method of 
teaching 

Involvement 
and 

interaction 

Practical 
implementation 

Support 
and 

resources 

Educational 
environment 

Overall 
satisfaction 

Mean score 
(Contr. gr.) 3.50 3.00 3.10 3.40 3.30 3.60 3.20 

Mean score 
(Exp. gr.) 4.70 4.80 4.90 4.50 4.60 4.70 4.60 

According to the questionnaire results, students in the control group gave an average course rating of 3.20 points on the 
Likert scale, indicating moderate satisfaction. The questionnaire highlighted specific areas for improvement, such as 
teaching methods (3.0) and involvement and interaction (3.10). 

Conversely, the experimental group rated the course at an average of 4.60 points, reflecting high satisfaction. Despite 
the similar course content and tasks for both groups, the use of DERs in the experimental group’s teaching process 
positively impacted satisfaction across all aspects of the learning process. This is evidenced by high scores in teaching 
methodology (4.80) and learner engagement (4.90), demonstrating that the integration of DERs enhances teaching 
effectiveness and student engagement. 

DISCUSSION 

The discussion section begins by examining the results obtained from the study in the context of enhancing logical 
thinking skills among future mathematics teachers through the use of digital educational resources. It seeks to explore 
the underlying reasons for the observed outcomes, compare the proposed method with existing approaches, and identify 
the limitations and potential areas for further development. This analysis is grounded in the empirical evidence provided 
by the experimental studies, surveys and comparative analyses conducted as part of the research. The obtained results 
can be explained by the effective integration of digital educational resources in the mathematics teacher training 
programme.  

The significant improvements in logical thinking skills among participants (as shown in the results section) are 
supported by the literature indicating that interactive simulations, visualisations and gamification can enhance learning 
outcomes, engagement and motivation in mathematics education [7][8][18]. The positive feedback from participants 
regarding the quality of content, method of teaching, involvement and interaction, practical implementation, support and 
resources, educational environment (as indicated in the survey results) aligns with previous research that highlights the 
importance of user-friendly and relevant digital resources in education [10][11]. 

The proposed method of incorporating DERs, particularly interactive simulations and visualisations, into mathematics 
teacher training programmes, differs from traditional approaches that rely heavily on textbook-based instruction. Compared 
to existing methods, the use of DERs offers a more dynamic and interactive learning experience, which is in line with the 
current trend of using technology to enhance learning outcomes [1][3]. This approach addresses the challenges of updating 
the curriculum content to meet the demands of the modern economy, as highlighted in the introduction. 

The study has several limitations, including the relatively small sample size of 80 participants, which may not be 
representative of all future mathematics teachers in Kazakhstan. The study’s focus on specific types of DERs (interactive 
simulations and visualisations) may limit the generalisability of the findings to other digital resources. Additionally, the 
study was conducted in a controlled experimental setting, which may not fully replicate the complexities of real-world 
classroom environments. 

The development of this research could involve exploring the long-term effects of using DERs on the professional 
development of mathematics teachers and their impact on student learning outcomes. Future studies could also 
investigate the integration of other types of digital resources, such as adaptive learning algorithms and collaborative 
learning platforms, into teacher training programmes. Challenges that may be encountered include the need for more 
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extensive training and support for teachers, ensuring equitable access to digital resources and addressing the diverse 
needs of learners. 

CONCLUSIONS 

In conclusion, this study has addressed the objectives set forth regarding the impact of digital educational resources on 
enhancing the logical thinking skills of future mathematics teachers. The use of interactive simulations and visualisations 
has proven to be a valuable tool in developing an intuitive understanding of abstract mathematical concepts and 
enhancing problem-solving skills. The experimental studies demonstrated statistically significant improvements in 
logical thinking skills among participants, indicating the effectiveness of these resources. 

Furthermore, the study provided insights into the perceptions and experiences of participants through a survey of 
satisfaction with the educational process. The feedback indicated a high level of satisfaction and the effectiveness of the 
digital tools was appreciated by the experimental group, underscoring the importance of incorporating digital educational 
resources into mathematics teacher training programmes. 

It is also important to acknowledge the limitations of this study, including the small sample size and the controlled 
laboratory setting. These factors may limit the generalisability of the findings. Additionally, the focus on interactive 
simulations and visualisations means that other types of digital educational resources were not explored. Future research 
could expand on these findings by investigating the long-term effects of these resources on the professional development 
of mathematics teachers and the overall quality of mathematics education. 

The potential of digital educational resources in mathematics education is vast, and it is crucial to continue exploring 
their applications to provide high-quality and engaging mathematics education for all students.  

In conclusion, the findings of this study underscore the effectiveness of interactive simulations and visualisations in 
developing an intuitive understanding of abstract mathematical concepts and enhancing problem-solving abilities, which 
are crucial components of logical thinking. These results highlight the importance of integrating digital educational 
resources into mathematics teacher training programmes to improve the logical thinking skills of future educators. 

The use of innovative tools in education not only supports the modernisation of teaching practices, but also ensures that 
prospective teachers are well-equipped to foster a deeper understanding of mathematics in their students. Therefore, the 
incorporation of interactive simulations and visualisations into the curriculum is essential for enhancing the quality of 
mathematics education and preparing future teachers to meet the challenges of a technology-driven educational 
landscape. 
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