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Abstract 

Mathematical reasoning is a vital competency to cultivate in 21st-century mathematics education. 

Nonetheless, preliminary findings reveal that students’ reasoning abilities remain at a moderate level, 

particularly weak in mathematical manipulation. This study investigates the effect of interactive digital 

media on enhancing students’ mathematical reasoning and identifies the most significantly affected 

indicators. Employing a pre test–post test design, the research involved six sixth-semester students from 

the Mathematics Education Program at Universitas Muhammadiyah Parepare. The instrument was an 

open-ended test assessing three reasoning indicators: proposing conjectures, expressing mathematical 

statements, and performing manipulations. Descriptive analysis showed that the mean score rose from 

58.33 (moderate) to 80.09 (high), with a normalized gain of 0.52 (medium). The reduction in standard 

deviation from 7.86 to 5.67 indicates greater consistency in performance after the intervention. Among 

the indicators, the highest improvement was observed in proposing conjectures (27.78 points), followed 

by expressing mathematical statements (23.61 points), while mathematical manipulation showed the 

least gain (13.89 points). These results suggest that interactive digital media effectively enhances 

higher-order reasoning skills involving visual and conceptual representations, whereas procedural 

fluency still benefits from manual practice. Thus, balanced integration of digital and conventional 

strategies is essential for developing comprehensive mathematical reasoning. 

Keywords: mathematical reasoning; interactive digital media; proposing conjectures; mathematical 

statements; mathematical manipulation. 

 

1. Introduction 

Mathematical reasoning is one of the basic competencies in mathematics, along with 

understanding, communication, and problem solving. Mathematical reasoning is a fact-based thinking 

process that plays a vital role in helping students understand mathematical concepts and solve various 

problems in their personal, social, and educational lives. (Dollo, 2018) . Mathematical reasoning not 

only serves as a tool for solving problems, but also as a basis for developing critical and analytical 

thinking required in various disciplines (Mulyani & Siregar, 2025) . However, a number of studies 

reveal that the level of students' mathematical reasoning abilities is still relatively low, which is reflected 

in less than satisfactory learning achievements in basic materials such as the concept of derivatives 

(Haura Putri Fortuna et al., 2024) . 

Derivatives are an essential part of learning calculus because they have numerous applications in 

various fields of science (Nie, 2024) (Mishra, 2024) . However, based on field observations, many 

students experience difficulty in understanding the basic concept of derivatives. This difficulty often 

impacts students' low ability to perform mathematical reasoning related to the concept. Several studies 

show that students tend to memorize derivative formulas without understanding the meaning behind the 

process, resulting in weak and underdeveloped reasoning. 
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Amidst these challenges, technological developments have opened up new opportunities in 

designing more innovative and meaningful learning (Melati et al., 2023) , one of which is through the 

use of interactive digital media (Annisa Gita Cahyani & Setyadi, 2023) . Learning media is one of the 

learning resources that can stimulate students' interest and enthusiasm for learning (Rofinus Badung & 

Asdar Dollo, 2024) . Interactive digital media allows students to explore concepts visually and 

dynamically, which has great potential in helping students understand mathematical concepts more 

deeply. With its manipulative and interactive features, it has the potential to improve their reasoning 

skills. 

Although the use of interactive digital media has been widely studied in the context of 

understanding mathematical concepts or solving mathematical problems, there is little research 

specifically highlighting how this media can be used to develop mathematical reasoning skills, 

particularly in the context of derived materials at the tertiary level. In fact, with its characteristics that 

support visualization and concept exploration, interactive digital media is highly suitable for 

encouraging higher-order thinking processes such as reasoning (Siregar et al., 2024) . 

Based on these conditions, the following problems are formulated: (1) How great is the 

mathematical reasoning ability of students in studying derivative material? and (2) Does the use of 

interactive digital media affect students' mathematical reasoning ability in derivative material? This 

research is important to be carried out as an effort to contribute to technology-based mathematics 

learning strategies that are not only oriented towards understanding concepts, but also towards 

strengthening students' logical and systematic thinking processes. 

The urgency of this research lies not only in the academic need to improve students' mathematical 

reasoning skills but also in line with the Independent Learning-Independent Campus (MBKM) policy, 

which encourages innovation in learning methods. Through this research, it is hoped that practical 

solutions can be found that can be implemented in higher education settings to improve the quality of 

mathematics education in Indonesia. 

In an effort to strengthen the quality of technology-based mathematics learning, several studies 

have been conducted to evaluate the effectiveness of digital media in teaching various mathematical 

materials. Several studies have shown that the use of digital media can help students understand 

concepts visually and increase learning interest (Azzahro & Subekti, 2022) . Other studies have also 

shown that digital media is effective in improving problem-solving skills (Mahuda et al., 2021) , 

conceptual understanding (Halim & Hadi, 2023) , and visual representations in geometry materials 

(Manik et al., 2024) . However, most of these studies still focus on aspects of conceptual and procedural 

understanding, rather than on aspects of mathematical reasoning that involve higher-order thinking 

processes. 

Furthermore, research using digital media generally focuses on the secondary school level, while 

studies examining the integration of these media into mathematics learning in higher education are still 

limited. More specifically, studies analyzing the relationship between the use of interactive digital 

media and the development of students' mathematical reasoning skills in derivatives are scarce. Yet, 

derivatives in calculus are a complex topic with significant potential for analysis from a reasoning 

perspective (Amalia & Fathurrohman, 2020) and (Pandey & Singh, 2021) , as they involve 

understanding the relationship between changes in function values and their rates of change in various 

representations. 

This study aims to fill this gap. Unlike previous studies that only assessed final learning 

outcomes, this study seeks to examine students' thinking processes while using interactive digital media 

to learn derivatives. The study focuses not only on improving learning outcomes but also on students' 

mathematical reasoning processes in developing an understanding of the concept of derivatives. This is 

an important contribution because reasoning is a crucial indicator of higher-level mathematical thinking 

in higher education. 

The novelty of this research lies in three main aspects. First, in terms of research focus, this study 

focuses on the context of higher education in Indonesia, where research on the use of interactive digital 

media in mathematics learning, particularly in derivatives, is still limited. Second, in terms of approach, 

this study uses an indicator-based analysis of mathematical reasoning to evaluate the extent to which 

interactive digital media contributes to students' mathematical reasoning processes. 
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2. Method 

 This research is an quantitative descriptive research. This research will use Pre-Experimental 

Design with One-Group Pre test-Post test Design approach. This research is a study on the material of 

function derivatives with the research subjects being students of the Mathematics Education Study 

Program, Universitas Muhammadiyah Parepare who have programmed the Differential Calculus 

course, namely semester VI of the 2024/2025 Academic Year. Subjects were taken purposively, taking 

into account students who have basic experience in using interactive digital media. The instruments 

used in this study are: (1) Mathematical Reasoning Test, to measure students' reasoning abilities before 

and after using interactive digital media. 

2.1 Research Procedures 

This research will use Pre-Experimental Design with One-Group Pre test-Post test Design 

approach. The data used in this study were quantitative, and the research instrument was a mathematical 

reasoning ability test. The data collection technique consisted of two stages. First, a pre-test was 

administered to students before learning using interactive digital media to measure their initial abilities. 

Second, a post-test was administered after all learning activities were completed to determine 

improvements in mathematical reasoning ability following the treatment. 

This research was conducted through several stages as follows: (1) Preparation: (a) Compiling 

research instruments (mathematical reasoning tests and interview guides), (b) Validating instruments 

through expert assessment, and (c) Compiling interactive digital media (interactive digital modules) 

that will be used in learning the concept of derivatives. (2) Implementation of the Experiment: (a) 

Providing an initial test (pretest) to measure students' initial mathematical reasoning abilities, (b) 

Implementing learning using interactive digital media that has been designed, implemented in several 

meetings, and (c) Providing a final test (posttest) to determine changes or improvements in students' 

mathematical reasoning abilities. (3) Evaluation: analyzing research data to measure research objectives 

2.2 Data Analysis Techniques 

The data analysis techniques used are quantitative descriptive statistical analysis: Quantitative 

data from the results of the mathematical reasoning ability test were analyzed using descriptive statistics 

(average, standard deviation, and score gain). 

3. Results and Discussion 

In an effort to provide a comprehensive overview of students' mathematical reasoning abilities 

before and after LMS implementation, descriptive statistical analysis was used based on pre-test and 

post-test results. The complete analysis results are shown in Table 1. 

Table 1. Descriptive Statistical Analysis of Pre-test and Post- test 

 

 Pre-Test Score Test Value Gain Value 

N Valid 6 6 6 

Missing 48 48 48 

Mean 58.3333 80.0926 .5221 

Standard Deviation 7.85674 5.67012 .10882 

Minimum 47.22 72.22 .42 

Maximum 66.67 88.89 .67 

 

The results of the descriptive analysis showed that before the treatment, students' mathematical 

reasoning abilities were still at an intermediate level. The average pre-test score was 58.33 with a score 

range of 47.22 to 66.67. The standard deviation of 7.86 indicates relatively small variation in abilities 

between students. Individual categorization showed that five students were in the intermediate category, 

while one student was in the low category. These findings indicate that the majority of students have 

sufficient basic understanding, although there are still weaknesses, especially in the indicator of 

performing mathematical manipulation, which obtained the lowest average score (55.56). 
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After learning with interactive digital media, there was a significant improvement. The average 

post-test score reached 80.09, which is included in the high category, with a score range of 72.22 to 

88.89. The standard deviation decreased to 5.67, indicating that student achievement is increasingly 

homogeneous. The distribution of categories shows that five students successfully achieved the high 

category, while one student was in the medium category. This condition indicates that the use of 

interactive digital media can elevate almost all students to a higher level of mathematical reasoning. 

Furthermore, the normalized gain analysis showed an average value of 0.52, which is considered 

moderate. Individual gains ranged from 0.42 to 0.67, with all students consistently falling within the 

moderate category. Thus, it can be concluded that interactive digital media has a positive impact on 

improving students' mathematical reasoning abilities. 

If we look at the indicators of mathematical reasoning ability, this can be seen in table 2 below. 

Table 2. Data on mathematical reasoning ability based on reasoning indicators 

 

 

Filing 

Allegations 

( Pre Test ) 

Filing 

Allegations 

(Post Test ) 

Presenting 

Mathematical 

Statements 

(Pre Test ) 

Presenting 

Mathematical 

Statements 

(Post Test ) 

Presenting 

Mathematical 

Statements 

(Pre Test ) 

Presenting 

Mathematical 

Statements 

(Post Test ) 

N Valid 6 6 6 6 6 6 

Missing 48 48 48 48 48 48 

Mean 62,5000 90.2778 56.9444 80.5556 55.5556 69.4444 

Standard 

Deviation 

11.48671 3.40207 9.74204 6.80414 11.38550 8.60663 

Minimum 50.00 83.33 41.67 75.00 41.67 58.33 

Maximum 83.33 91.67 66.67 91.67 75.00 83.33 

 

Based on the indicators, there were differences in the level of improvement. The indicator for 

making conjectures showed the highest increase, from an average of 62.50 in the pre-test to 90.28 in 

the post-test, or an increase of 27.78 points. This substantial increase reflects the effectiveness of 

interactive digital media, particularly in the form of graphic visualizations and dynamic animations (for 

example, with GeoGebra), which help students discover patterns and make logical conjectures. 

For the indicator of presenting mathematical statements, the average score increased from 56.94 

to 80.56, a 23.61-point increase. These results indicate that interactive digital media can support 

students in converting conceptual understanding into more structured mathematical models, such as 

deriving equations or modeling contextual problems. 

Meanwhile, the mathematical manipulation indicator experienced the lowest improvement. The 

average pre-test score of 55.56 increased to 69.44 in the post-test, representing a 13.89 point increase. 

Despite the improvement, this indicator's performance was still lower than the other two indicators. 

This indicates that students' procedural and manipulative skills have not been fully supported by 

interactive digital media. Procedural errors were still found, so the mathematical manipulation aspect 

requires additional practice beyond interactive technology support. 

Considering your research findings, which show an increase in average scores from 58.33 to 

80.09 after using interactive digital media, these data align with the previous studies. For example, 

(Muhamad Yunus et al., 2022) found that students who used Macromedia- based digital media Flash 

showed significant improvements in mathematical reasoning skills compared to conventional learning. 

Similarly, research by Rahmawati et al., 2024, reported that interactive media had a positive effect on 

mathematical reasoning in the pre-test and post-test . 

In addition, research using GeoGebra in discovery learning by (Fatahillah et al., 2023) supports 

that visual and interactive media not only increase average scores, but also show a reduction in 

variability between students—in line with your finding of a decrease in standard deviation from 7.17 to 

5.18. Likewise, the Enhancing Learning study Mathematical Reasoning through the Integration of 

Realistic Geometry with Interactive Multimedia Learning Applications report significant effects of 
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interactive media in strengthening mathematical representation and reasoning. (Alim et al., 2024) , 

which matches the indicators in your research. 

These studies together reinforce that interactive digital media have two main effects: significantly 

increasing students' average scores in pre-post measurements, and also making results more uniform 

across students — supporting that these media not only improve performance but also reduce learning 

variation (homogeneity of learning outcomes). 

When viewed based on indicators, proposing conjectures experienced the largest increase, with 

a difference of 27.78 points. This indicates that interactive digital media is highly effective in facilitating 

students' initial conjecture development through dynamic visual representations. Graphic and animated 

visualizations allow students to observe patterns of change, form hypotheses, and test their validity 

more directly. This finding aligns with a study by Medina Herrera et al., 2024, which reported that 

spatial visualization tools support the development of mathematical conjecture or hypothesis-making 

skills and deeper mathematical understanding. Similarly, Rif'at et al., 2021 reported that the 

combination of visual and algebraic representations facilitates students' development of more accurate 

mathematical conjectures. 

International research also supports these findings. (Muzangwa & Ogbonnaya, 2022) showed that 

students were better able to connect symbolic functions with graphical representations after engaging 

in visual matching activities, making it easier for them to form patterns and conjectures. A study (Zulu 

& Mudaly, 2023) also showed that iconic and symbolic visualizations helped prospective mathematics 

teachers construct mathematical conjectures in complex problem-solving and effectively use visual 

representations. Furthermore, a study (Yurmalia & Jupri, 2021) found that visual imagination skills play 

a significant role in helping students see arithmetic patterns and propose valid hypotheses. 

Thus, the results of this study are consistent with previous findings that visual representations 

presented through interactive digital media significantly contribute to the ability to make conjectures. 

Therefore, it can be asserted that this indicator is most impacted due to the nature of interactive media, 

which encourages exploration, pattern observation, and hypothesis formation, which are at the core of 

higher-order mathematical reasoning. 

The indicator for presenting mathematical statements also showed a substantial increase, 

reaching 23.61 points. This indicates that interactive digital media helps students convert conceptual 

ideas into systematic mathematical symbols, equations, or models. Media such as GeoGebra and 

interactive e-modules provide space for students to test and validate their mathematical representations. 

(Elfariana et al., 2024) confirmed that interactive e-LKPD supports students in constructing clearer 

mathematical statements, while (Marsitin & Sesanti, 2023) found that mathematical literacy- based 

digital modules can improve the accuracy of mathematical model formulations in various contexts. 

In contrast, the indicator for performing mathematical manipulation experienced a relatively 

small increase (13.89 points) compared to other indicators. Despite this increase, these results indicate 

that procedural skills , such as symbolic calculation or algebraic manipulation, are not fully facilitated 

by interactive digital media. This finding aligns with a study (Lampropoulos, 2023) which showed that 

game-based digital media was more effective in increasing motivation and representation, but had little 

effect on symbolic manipulation skills. (Jongbloed et al., 2024) and (Sawyer et al., 2022) also found 

that technology-based procedural simulations are indeed beneficial, but their effectiveness in 

strengthening manipulative skills tends to be lower than the concept visualization aspect. Thus, it can 

be concluded that interactive digital media is more effective in supporting the initial stages of 

mathematical reasoning (proposing conjectures and presenting statements) than the manipulative stage 

which requires more intensive procedural practice. 

These findings have important implications. First, the integration of interactive digital media in 

mathematics learning needs to focus on strengthening higher-order reasoning skills, particularly 

conjectures and mathematical representations, which have been shown to be most affected. Second, the 

weaknesses in the mathematical manipulation aspect indicate the need for a more balanced learning 

design, where interactive digital media is used in conjunction with manual exercises and problem-

solving-based learning strategies to strengthen procedural skills. Third, the decrease in standard 

deviations among students after the treatment confirms that interactive digital media can be a solution 

to reduce the achievement gap between students in heterogeneous classes. 
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4. Conclusion 

The results of this study confirm that the use of interactive digital media contributes significantly 

to improving students' mathematical reasoning abilities. In general, the average score increased from 

58.33 (medium category) in the pre-test to 80.09 (high category) in the post-test, with a decrease in the 

standard deviation from 7.86 to 5.67, indicating increasingly homogeneous student achievement. These 

findings indicate that interactive digital media is not only able to improve individual performance but 

also reduce the achievement gap in heterogeneous classes. 

Indicator-based analysis showed that the greatest improvement occurred in the ability to propose 

conjectures (27.78 points), followed by presenting mathematical statements (23.61 points), while 

performing mathematical manipulations experienced the lowest improvement (13.89 points). These 

results reveal that interactive digital media is more effective in supporting higher-order reasoning skills 

based on visual and conceptual representations, compared to procedural skills that require repeated 

symbolic practice. 
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