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Abstract 

Understanding the concept of integral is critical for engineering students, particularly civil 

engineering students. Many civil engineering students struggle to understand the concept of 

antiderivatives and the procedure for calculating integral. The objective of this study was to 

examine if technology, especially information and communication technology (ICT), can 

significantly improve civil engineering students' knowledge of the integral. The research sample 

comprises ten studies that employ diverse research approaches to investigate the impact of 

integrating ICT, including GeoGebra, Maple, MATLAB, and Other technologies, on enhancing 

knowledge of integral concepts. The method employed was a Systematic Literature Review (SLR) 

that followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

framework. ERIC, SCOPUS, and Google Scholar-indexed journals published between 2012 and 

2023 were sampled. The findings revealed that studying with Maple and Integrating technology has 

a significant impact on helping students comprehend integrals. It is demonstrated by the effect size 

values of 1,23 and 1,26, respectively. 

Keywords: ICT, Integral, PRISMA, Systematic literature review. 

 

Introduction 

Integrals are an essential concept for successfully mastering the fields of science 

and technology (Bingimlas, 2009; Zakaria & Salleh, 2015a; Lawrence & Tar, 2018; Pedro 

et al., 2018; Bower, 2019; Aldammagh et al., 2021), including civil engineering. Civil 

engineering courses that deal with force and bending moments are in critical need of 

integral concepts (González-Martin & Gomes, 2017; OBrien et al., 2018; Sharifi & 

Toopchi-Nezhad, 2018; Marini et al., 2022). Civil engineering uses integrals in the case of 

mechanics of materials and electromagnetics (Das & Saha, 2018; Gonzalez-Martin & 

Hernandes-Gomes, 2019; Srivastava, 2021; Chaudhuri et al., 2022). In addition, integrals 

must be mastered by civil engineering students in studying the finite element method (Chai, 

2020; Faulkner et al., 2020; Akin, 2022;) as well as in structural analysis courses 

(Kassimali, 2018; Rangel & Martha, 2019; García-Alberti et al., 2021; Karnovsky & Lebed, 

2021). Therefore, it is essential for students studying civil engineering to excel in learning 

integrals. 
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Many students fall behind in the Civil Engineering course (Faulkner et al., 2020). 

This is owing to the significant number of students who struggle to understand the integral 

concept. According to Nurhayati, Suryadi, et al. (2023), civil engineering students face 

conceptual and psychological ontogenic learning challenges. In line with this, Nurhayati, 

Priatna, et al. (2023) discovered epistemic learning barriers in civil engineering students 

when grasping the integral concept. Students frequently struggle to study integrals due to a 

lack of understanding of integral concepts.  

Many research efforts have been made to improve students' understanding of 

integrals, including by using Information and Communication Technology (ICT) assistance 

such as GeoGebra (Attorps et al., 2013; Tatar & Zengin, 2016; Machromah et al., 2019; 

Kado et al., 2022), Maple (Awang-Salleh & Zakaria, 2012; Attorps et al., 2013; Zakaria & 

Salleh, 2015b; T. S. Salleh & Zakaria, 2016), MATLAB (Majid et al., 2012) and 

integrating technology (Awang-Salleh & Zakaria, 2012; Milenković et al., 2022). The 

novelty of this research is that the researchers synthesized these various studies to analyze 

the results of research efforts made to improve civil engineering students' understanding of 

integral concepts using ICT.  

Many studies have been conducted on the understanding of integral concepts using 

ICT both in higher education in general and in civil engineering students. There has not, 

however, been a comprehensive Systematic Literature Review (SLR) of all relevant 

research findings. Thus, SLR needs to be conducted to obtain more comprehensive 

conclusions so that it can represent all existing related research, minimize research bias and 

the level of researcher subjectivity. As the results, an important SLR stage is data 

collection in the form of study results on the use of ICT that aids in a better understanding 

of the integral concept. Based on the research data gathered the researcher posed the 

following research questions:  

1. What is the overview of the effect of ICT on improving the understanding of integral 

concepts based on the type of ICT? 

2. What is the effect size of each type of ICT on improving the understanding of integral 

concepts? 

Method 

Systematic Literature Review (SLR) was employed as the research method. The 

SLR research method is a systematic approach to researching a topic, examining various 



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

313 

studies to see if the findings can answer specific research questions (Xiao & Watson, 2019). 

This research approach is transparent and can be trusted, allowing it to be used again 

(Juandi, 2021). SLR is a research approach that tries to comprehensively discover and 

synthesize research that pertains to the researcher's specific questions by employing a 

systematic, transparent, and repeatable procedure at each step of the process (Ferk Savec & 

Mlinarec, 2021).  

The research was carried out in the following stages: Journal articles were collected 

from electronic databases registered and indexed by SCOPUS, ERIC, and Google Scholar. 

The use of these three databases was done to ensure all articles were collected completely, 

while still ensuring that no duplicate articles were used. Afterward, articles related to the 

research questions and those that met the criteria were studied further based on the title and 

abstract of the articles, and the findings of the article data analysis were interpreted. 

Furthermore, the final stage involved generating conclusions. The following are the criteria 

for selecting articles and the flow of article selection using the PRISMA diagram: 

a. Inclusion Criteria 

Table 1 shows the research objectives' inclusion criteria for acquiring article data. 

Table 1. Inclusion Criteria 

b. Exclusion Criteria 

Exclusion criteria are characteristics used to identify potential research articles that 

should not be included in the study because they do not relate to the research objectives. 

These criteria can be seen in Table 2 below 

Table 2. Exclusion Criteria 

 

 

No Inclusion Criteria 

1 Articles published in Journals or Proceedings 

2 Articles are written in English 

3 Articles published between 2012 and 2023 

4 Articles are published in three databases: Scopus, ERIC or Google Scholar 

5 Research articles were conducted on ICT and understanding of integral concepts. 

No Exclusion Criteria 

1 Articles published in books, theses/dissertations, chapters of a book, etc., that are not journals or 

proceedings. 

2 Articles that are not written in English. 

3 Articles not published between 2012 and 2023. 

4 Articles have not been published in Scopus, ERIC, or Google Scholar databases. 

5 Research conducted is not about ICT and understanding of integral concepts. 
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c. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

 

Figure 1. PRISMA Flow 

In selecting the research articles, the approach used to analyze the articles was the 

PRISMA approach. PRISMA is a standardized peer-review method that uses a list of 

guidelines to facilitate the quality assurance and revision process (Conde et al., 2020; 

Mohamed et al., 2022). The stages of PRISMA are identification, screening, eligibility, and 

inclusion (Mohamed et al., 2022). Figure 1 below explains the PRISMA stages carried out 

in the research process. 

The first stage of PRISMA is identification. In this stage, articles were searched 

through three databases: SCOPUS, ERIC, and Google Scholar. At this stage, articles were 

searched using the keywords (("integral" OR "ANTIDERIVA-TIVE") AND ("conceptual 

understanding" OR "theoretical understanding") AND ("ICT" OR "Technology")). The 

data found were 18.474 articles, with details of 22 articles indexed by SCOPUS, 2652 

articles from ERIC, and 15.800 articles found on Google Scholar. Furthermore, at the 

screening step, by creating an automatic filter for the year of publication of articles in the 

range 2012-2023 and journal articles or proceedings, there were 17.672 improper data, 

resulting in only 802 articles being filtered. 
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Researchers checked the article's eligibility during the eligibility stage by looking at 

the title and abstract of the article data. At this stage, articles were eliminated if they did 

not meet the established inclusion criteria, namely not explicitly examining the use of 

Information and Communication Technology (ICT) in improving integral conceptual 

understanding. Furthermore, articles that focused solely on the procedural aspects of 

integral calculations without examining conceptual understanding were also excluded at 

this stage. This filtering resulted in 105 article data. Furthermore, at the full-text review 

stage, articles were eliminated if they did not present adequate empirical data, did not 

clearly explain the research design and measurement instruments for integral conceptual 

understanding, had a research context that was too general and not directly related to ICT-

assisted integral learning, or did not allow for comparative analysis based on pre-test and 

post-test data. Thus, only 17 articles met the criteria. The final stage involved examining 

all of the data again, and 7 articles were the same, leaving only 10 articles to be further 

studied by the research objectives. 

Results and Discussion 

The data analysis results address the two study questions posed. The first section 

describes the influence of ICT on improving understanding of integral concepts based on 

the type of ICT used. Only 10 articles fulfilled the requirements based on data searches 

from 2012 to 2023. The ten articles were divided into four types of ICT found to increase 

understanding of integral concepts. Figure 2 depicts the different forms of ICT and the 

number of articles analyzed. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Number of articles 
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a. Overview of the Effect of GeoGebra on Understanding Integral Concepts 

According to the findings of 11 years of data collecting, Geogebra is the most 

widely utilized ICT in enhancing understanding of integral concepts. GeoGebra is a free 

online software tool that helps different classes and teachers learn geometry (Alqahtani & 

Powell, 2016), algebra, and calculus (Arbain & Shukor, 2015; Weinhandl et al., 2020). 

There are four papers reviewed regarding the use of Geogebra for improving understanding 

of integral concepts. Table 3 below provides details of the article data regarding the effect 

of Geogebra on learning integral. 

Table 3. GeoGebra Review 

Article 

Code 
Article Title Research Method 

Research 

Sample 
Country Year 

GG1 Varied Ways to Teach the Definite 

Integral Concept 

Phenomenographic 

research tradition 

85 students Sweden 2013 

GG3 Effectiveness of GeoGebra in 

Developing the Conceptual 

Understanding of Definite Integral 

at Gongzim Ugyen Dorji Central 

School, in Haa Bhutan 

Quasi-experimental 

static-group 

comparison design 

94 grade 12 

students 

Bhutan 2020 

GG2 Conceptual Understanding of 

Definite Integral: An Experimental 

Study Using Geo-Gebra At 

University Level 

Quasi-experimental 

design 

52 Students Nepal 2021 

GG4 How Can Blended Learning and 

GeoGebra Promote Students’ 

Achievement in Calculus during 

the COVID-19 Pandemic? 

Pseudo-experimental 

research 

114 students Indonesia 2023 

The first study was conducted in Sweden in 2013. The study employed a 

phenomenographic research methodology. The findings of this study suggest that learning 

provides an effective variation pattern in understanding integral concepts up to a 

significant level (Attorps et al., 2013). In line with this, GeoGebra offers students a variety 

of learning opportunities and experiences (Bayaga et al., 2019; Celen, 2020; Tamam & 

Dasari, 2021).  

The second study was conducted in Bhutan in 2020. The quasi-experimental static-

group comparison design method was employed in this study. The answer to the research 

question, “What is the impact of GeoGebra software on the achievement of conceptual 
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understanding of specific integrals?” is that GeoGebra-assisted instruction supports 

meaningful and conceptual student learning. In line with this, learning with GeoGebra is a 

multidimensional method, allowing for both visual and algebraic representations of 

concepts, as well as connecting visual representations to their corresponding definitions, 

which leads to significant advances in the teaching and learning process. It was because 

one of the learning methodologies utilizing Geogebra technology can assist students in 

applying and analyzing concepts (Binti Misrom et al., 2020). 

The third study on Geogebra was conducted in Nepal in 2021. The research was 

conducted using the Quasi-experimental design methodology. The research was conducted 

by giving a definite integral test for data collection (Adhikari, 2021). In line with the 

results of his study, computer-assisted teaching methods using GeoGebra were found to 

contribute positively to the successful teaching of spesific integral topics (Attorps et al., 

2013). Likewise, learning using GeoGebra can create a fun and engaging learning 

atmosphere ((Dockendorff & Solar, 2018; Septian et al., 2020) with dynamic learning 

elements, providing visualization in learning mathematics through direct interactive 

(Pinkernell et al., 2023).  

The fourth study was conducted in 2023 in Indonesia, involving 224 students, with 

114 randomly selected to participate in additional tests. A pseudo-experimental research 

method was utilized in this study. According to the study's findings, learning integral 

concepts in GeoGebra-based calculus courses can significantly enhance student learning 

outcomes (Syarifuddin et al., 2023). According to the findings of past studies, GeoGebra is 

one application that can aid in the visual understanding of mathematical concepts, 

particularly integrated topics (Negara et al., 2022). 

Based on the four Geogebra studies mentioned above, all research findings show 

that learning using GeoGebra produces considerable positive effects. Table 4 displays the 

average Pre-Test and Post-Test results for the four articles. 

Table 4. Presentation of GeoGebra-based Integral Concept Understanding Ability Score 

No Article Code 
Average Value (%) 

Increase (%) 
Pre-Test Post-Test 

1 GG1 66,01 73,12 7,11 

2 GG3 7,58 23,83 16,25 

3 GG2 33,89 41,00 7,11 

4 GG4 60,46 66,92 6,46 

 Average 41,99 51,22 9,23 
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From the four data, an increase with an average of 9,23% was obtained. The results 

indicate that learning with GeoGebra has a significant positive impact on the understanding 

of integral concepts. 

b. Overview of the Effect of Maple on Integral Concept Understanding 

Maple is an application that assists in the learning process. Maple documents are 

capable of combining numerical and symbolic calculations, exploration, mathematical 

notation, documentation, pictures, and animations that may be shared and reused (Zotos, 

2007). The findings of an 11-year study of the article data yielded three articles about 

Maple-based integral learning. Table 5 describes all of the data that was analyzed. 

Table 5. Maple Review 

Article 

Code 
Article Title Research Method 

Research 

Sample 
Country Year 

MP1 Enhancing Students’ Understanding in 

Integral Calculus through the 

Integration of Maple in Learning 

Quasi-experimental 

non-equivalent 

control 

group design 

51 students Malaysia 2012 

MP2 Implementing Interactive Information 

Technologies When Learning Integral 

Calculus in Teaching Further 

Mathematics 

The educational 

experiment 

125 students Russia 2018 

MP3 Use of Maple Software to Reduce 

Senior High School Students’ Errors 

in Integral Calculus 

A quasi-

experimental non-

equivalent group 

design research 

80 high 

school 

students 

Ghana 2021 

The first study was conducted in Malaysia in 2012. According to Salleh's research, 

students struggle with integration, which is the opposite of derivative (Salleh & Zakaria, 

2013). Lecturers have employed a range of methods to help students grasp the concept of 

integral. Every lecturer is responsible for providing the best possible instruction to support 

students in their learning process (Juma et al., 2022). Learning with the use of technology, 

such as Maple, which is specifically designed for the learning process, can have a positive 

impact on students' understanding of integral concepts.  

The second study was undertaken in Russia in 2018 at Sholom-Aleichem 

Priamursky State University, Moscow Civil Engineering University, and Omsk State 

Technical University. The study found that Maple-based technology has a good influence 

on learning about integral. The interactive educational method that utilizes Maple can 

encourage student involvement and independent learning, helping students comprehend 

important topics more thoroughly (Eyrikh et al., 2020). 

The third study was conducted in 2021 in Ghana. The study's results indicated that 

learning integral concepts using Maple software can help explain them more effectively 
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and comprehensively (Sallah, 2021). Based on the three studies, the use of Maple for 

integral learning has a positive impact on understanding integral concepts. In addition to 

interactive and fun learning, it gives significant changes. It can be seen from Table 6 below. 

Table 6. Presentation of Maple-based Integral Concept Understanding Ability Score 

No Article Code 
Average Value (%) 

Increase (%) 
Pre-Test Post-Test 

1 MP1 7,08 19,87 12,79 

2 MP2 35,00 52,00 17,00 

3 MP3 4,18 25,72 21,52 

 Average 15,42 32,53 17,11 

The average increase from the three findings obtained was 17,11%. It demonstrates 

that studying using Maple has a significant impact on the comprehension of integral 

concepts. 

c. Overview of the Effect of MATLAB on Integral Concept Understanding 

MATLAB is an example of ICT software. MATLAB is utilized as a dynamic visual 

tool to examine how students' visual skills are employed in teaching and learning activities 

(Amevor et al., 2021). There is one article that contains data suitable for evaluation in this 

study using MATLAB. Table 7 shows the data from the article. 

Table 7. MATLAB Review 

Article 

Code 
Article Title 

Research 

Method 

Research 

Sample 
Country Year 

ML1 A Study of The Effects of Using Matlab as 

A Pedagogical Tool for Engineering 

Mathematics Students 

Mix 

method 

81 students Saudi 

Arabia 

2012 

A study on integral learning using the MATLAB application was conducted in 

Saudi Arabia in 2012. The research method employed was a mixed-methods approach. The 

use of MATLAB software has improved students' conceptual understanding despite their 

weak math skills (Majid et al., 2012). Table 8 below states the Pre-Test and Post-test data 

from the study. 

Table 8. Presentation of MATLAB-based Integral Concept Understanding Ability Score 

No Article Code 
Average Value (%) 

Increase (%) 
Pre-Test Post-Test 

1 ML1 53,12 62,91 9,79 

 Average 53,12 62,91 9,79 

Based on the data obtained, the increase was 9,79%. The results show that integral 

learning using MATLAB has a significant effect. 

d. Overview of the Effect of Integrating Technology on Understanding Integral Concepts 
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Students' views toward computers were found to be positive, with low levels of 

computer aversion and average levels of familiarity with computers (Zakaria & Salleh, 

2015a). Based on these findings, it is possible to improve calculus instruction and 

implementation using computers. Two articles can be studied in terms of the impact of 

integrating technology, specifically computers, on the understanding of integral concepts. 

Table 9 has an explanation of the data. The first study was conducted in Malaysia in 2012, 

using a quasi-experimental design (Awang & Zakaria, 2012). In the study, teaching and 

learning of integrals were conducted through a mixed approach that combined existing 

lecture teaching models with math software as a learning aid. In line with that, the second 

study was researched in Serbia in 2020. Based on the results of SLR involving 10 articles, 

the results have shown the positive impact of integrating technology strategies on student 

understanding by incorporating computers into the learning of integral concepts 

(Milenković et al., 2022). Significant changes in both datasets can be seen in Table 10 

below. 

Table 9. Integrating Technology Review 

Article 

Code 
Article Title 

Research 

Method 

Research 

Sample 
Country Year 

IT1 The Effects of Integrating Technology on 

Students’ Conceptual and Procedural 

Understandings in Integral Calculus 

A quasi-

experimental 

50 students Malaysia 2012 

IT2 On the influence of software application for 

visualization in teaching double integrals 

A quasi-

experimental 

103 

students 

Serbia 2020 

 

Table 10. Presentation of Integral Concept Understanding Ability Score Based on Integrating Technology 

No Article Code 
Average Value (%) 

Increase (%) 
Pre-Test Post-Test 

1 IT1 8,66 35,73 27,07 

2 IT2 45,65 56,27 10,62 

 Average 27,16 46,00 18,84 

e. Effect Size 

Based on the analysis and calculation of data obtained from the four types of ICT, 

the Pre-Test and Post-Test data are presented in Figure 3 as follows. 
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Figure 3. The Difference in the Average Measurement of ICT-Based Learning 

Based on the data obtained, the effect size value was then calculated. This effect 

size value determines the magnitude of the influence of a variable on other variables 

(Becker, 2000). The size of the difference does not depend on the effect of sample size. 

Effect size is influenced by the Pre-Test and Post-test learning values of each type of ICT 

provided. The effect size value in the t-test used Cohen's formula as follows: 

 

with: 

 Cohen’s d effect size             mean treatment condition  

 mean control condition         Standard deviation  

 

with the criteria for interpreting the value of Cohen's d in Table 11 below 

Table 11. Interpretation table of effect size 

Effect Size Interpretation 

 Small 

 Medium 

 Large 

 Very Large 

Cohen's d above was calculated using the average pre-test and post-test scores collected 

from multiple studies without accounting for the original standard deviation, individual 

sample sizes, or variations in study design. This was done to ensure the completeness of 

the data available in the studies being synthesized. This approach may introduce bias, 

which is a limitation of this study. Despite its limitations, the study still provides a 

comprehensive synthesis. The main contribution of this SLR lies in systematically 
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mapping the characteristics of ICT interventions in integral learning, especially for civil 

engineering students. 

Table 12 below states the effect size values of each type of ICT-based learning.  

Table 12. Effect size values based on type of ICT 

Type of ICT 
Average value (%) 

Difference (%) d Criteria 
Pre-Test Post-Test 

GG 41,99 51,22 9,23 0,42 Medium 

MP 15,42 32,53 17,11 1,23 Very large 

ML 53,12 62,91 9,79 0,17 Small 

IT 27,16 46,00 18,84 1,26 Very large 

According to Table 12, studying with Maple and integrating technology has a very 

high effect size value. Learning with GeoGebra gives an influence on understanding the 

concept of integral with a medium effect size value. This is consistent with the findings of 

Sallah et al., (2020) who found that Maple is recommended as software that assists 

students and teachers in the learning of integral. For further research, factors such as 

education level, duration of intervention, and other factors can be analyzed to obtain more 

in-depth synthesis results. 

Conclusion and Suggestion 

The study concludes that the ICT-based learning of integrals, utilizing Maple 

software and Integrating technology, has a very high influence, with effect size values of 

1,23 and 1,26, respectively. However, the use of other tools, such as GeoGebra and 

MATLAB, has a considerable effect, albeit with moderate and low effect size values. The 

limitation of this study is the small number of articles found and the limited data required. 

Suggestions for further research include determining the magnitude of the effect of 

employing each type of ICT for learning or other abilities. 

Acknowledgement 

We would like to thank the Ministry of Education and Culture, LPDP, and 

Puslapdik for providing BPI scholarships. 

References 

Adhikari, G. P. (2021). Conceptual Understanding of Definite Integral: An Experimental 

Study Using Geo-Gebra at University Level. Butwal Campus Journal, 4(1–2), 89–

102. https://doi.org/10.3126/bcj.v4i1-2.45009  

Akin, J. E. (2022). Finite Element Analysis: With Numeric and Symbolic Matlab. World 



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

323 

Scientific. 

Aldammagh, Z., Abdaljawad, R., & Obaid, T. (2021). Factors driving e-learning adoption 

in palestine: an integration of technology acceptance model and is success model. 

Financial Internet Quarterly, 17(1), 41–49. https://doi.org/10.2478/fiqf-2021-0005  

Alqahtani, M. M., & Powell, A. B. (2016). Instrumental Appropriation of a Collaborative, 

Dynamic-Geometry Environment and Geometrical Understanding. International 

Journal of Education in Mathematics, Science and Technology, 4(2), 72. 

https://doi.org/10.18404/ijemst.38054  

Amevor, G., Bayaga, A., & Bosse, M. J. (2021). Analysis of Rural-Based Pre-Service 

Teachers Spatial-Visualisation Skills in Problem Solving in Vector Calculus Using 

MATLAB. International Journal of Emerging Technologies in Learning (IJET), 

16(10), 125. https://doi.org/10.3991/ijet.v16i10.19269  

Arbain, N., & Shukor, N. A. (2015). The Effects of GeoGebra on Students Achievement. 

Procedia-Social and Behavioral Sciences, 172, 208–214. 

https://doi.org/10.1016/j.sbspro.2015.01.356  

Attorps, I., Björk, K., Radic, M., & Tossavainen, T. (2013). Varied ways to teach the 

definite integral concept. International Electronic Journal of Mathematics Education, 

8(2–3), 81–99. https://doi.org/10.29333/iejme/275  

Awang, T. S., & Zakaria, E. (2012). The Effects of Integrating Technology on Students’ 

Conceptual and Procedural Understandings in Integral Calculus. Asian Social 

Science, 8(16). https://doi.org/10.5539/ass.v8n16p8  

Awang-Salleh, T. S., & Zakaria, E. (2012). The effects of integrating technology on 

students’ conceptual and procedural understandings in integral calculus. Asian Social 

Science, 8(16), 8. https://doi.org/10.29333/iejme/275  

Bayaga, A., Mthethwa, M. M., Bossé, M. J., & Williams, D. (2019). Impacts of 

implementing geogebra on eleventh grade student’s learning of Euclidean Geometry. 

South African Journal of Higher Education, 33(6), 32–54. 

https://doi.org/10.20853/33-6-2824  

Becker, L. A. (2000). Effect size (ES). 

Bingimlas, K. A. (2009). Barriers to the successful integration of ICT in teaching and 

learning environments: A review of the literature. Eurasia Journal of Mathematics, 

Science and Technology Education, 5(3), 235–

245https://doi.org/10.12973/ejmste/75275  

Binti Misrom, N. S., Muhammad, A. S., Abdullah, A. H., Osman, S., Hamzah, M. H., & 

Fauzan, A. (2020). Enhancing Students’ Higher-Order Thinking Skills (HOTS) 

Through an Inductive Reasoning Strategy Using Geogebra. International Journal of 

Emerging Technologies in Learning (IJET), 15(3), 156. 

https://doi.org/10.3991/ijet.v15i03.9839  

Bower, M. (2019). Technology‐mediated learning theory. British Journal of Educational 

Technology, 50(3), 1035–1048. https://doi.org/10.1111/bjet.12771  

Celen, Y. (2020). Student Opinions on the Use of Geogebra Software in Mathematics 

Teaching. Turkish Online Journal of Educational Technology-TOJET, 19(4), 84–88. 

https://eric.ed.gov/?id=EJ1272890  

Chai, S. (2020). Finite Element Analysis for Civil Engineering with DIANA Software. 

Springer Nature. 

Chaudhuri, A., Datta, R., Kumar, M. P., Davim, J. P., & Pramanik, S. (2022). Energy 

conversion strategies for wind energy system: Electrical, mechanical and material 

aspects. Materials, 15(3), 1232. https://doi.org/10.3390/ma15031232  

Conde, M. A., Sedano, F. J. R., Fernandez-Llamas, C., Goncalves, J., Lima, J., & Garcia-



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

324 

Penalvo, F. J. (2020). RoboSTEAM Project Systematic Mapping: Challenge Based 

Learning and Robotics. 2020 IEEE Global Engineering Education Conference 

(EDUCON), 214–221. https://doi.org/10.1109/EDUCON45650.2020.9125103  

Das, S., & Saha, P. (2018). A review of some advanced sensors used for health diagnosis 

of civil engineering structures. Measurement, 129, 68–90. 

https://doi.org/10.1016/j.measurement.2018.07.008  

Dockendorff, M., & Solar, H. (2018). ICT integration in mathematics initial teacher 

training and its impact on visualization: the case of GeoGebra. International Journal 

of Mathematical Education in Science and Technology, 49(1), 66–84. 

https://doi.org/10.1080/0020739X.2017.1341060  

Eyrikh, N., Bazhenov, R., Gorbunova, T., & Masyagin, V. (2020). Implementing 

Interactive Information Technologies When Learning Integral Calculus in Teaching 

Further Mathematics (pp. 163–172). https://doi.org/10.1007/978-3-030-46895-8_13 

Ferk Savec, V., & Mlinarec, K. (2021). Experimental work in science education from 

green chemistry perspectives: A systematic literature review using PRISMA. 

Sustainability, 13(23), 12977. https://doi.org/10.3390/su132312977  

García-Alberti, M., Suárez, F., Chiyón, I., & Mosquera Feijoo, J. C. (2021). Challenges 

and experiences of online evaluation in courses of civil engineering during the 

lockdown learning due to the COVID-19 pandemic. Education Sciences, 11(2), 59. 

https://doi.org/10.3390/educsci11020059  

Gonzalez-Martin, A., & Hernandes-Gomes, G. (2019). The graph of a function and its 

antiderivative: A praxeological analysis in the context of Mechanics of Solids for 

engineering. Eleventh Congress of the European Society for Research in 

Mathematics Education, 20. https://hal.science/hal-02422635/  

González-Martin, A. S., & Gomes, G. H. (2017). How are Calculus notions used in 

engineering? An example with integrals and bending moments. CERME 10. 

https://hal.science/hal-01941357/document  

Juandi, D. (2021). Heterogeneity of problem-based learning outcomes for improving 

mathematical competence: A systematic literature review. Journal of Physics: 

Conference Series, 1722(1). https://doi.org/10.1088/1742-6596/1722/1/012108  

Juma, Z. O., Isaac Owino Okoth, & Michael Obiero Oyengo. (2022). Delivery of Integral 

Calculus at Maseno University: Is STACK Really Playing an Integral Part? 

International Journal of Emerging Technologies in Learning (IJET), 17(23), 64–68. 

https://doi.org/10.3991/ijet.v17i23.36621  

Kado, K., Dorji, N., Dem, N., & Om, D. (2022). The effect of differentiated instruction on 

academic achievement of grade eleven students in the field of derivative in Bhutan. 

International Journal of Educational Studies in Social Sciences (IJESSS), 2(1), 27–

34. https://doi.org/10.53402/ijesss.v2i1.37  

Karnovsky, I. A., & Lebed, O. (2021). Advanced methods of structural analysis. Springer 

Nature. 

Kassimali, A. (2018). Structural analysis. Cengage Learning. 

Lawrence, J. E., & Tar, U. A. (2018). Factors that influence teachers’ adoption and 

integration of ICT in teaching/learning process. Educational Media International, 

55(1), 79–105. 

Machromah, I. U., Purnomo, M. E. R., & Sari, C. K. (2019). Learning calculus with 

geogebra at college. Journal of Physics: Conference Series, 1180(1), 012008. 

https://doi.org/10.1080/09523987.2018.1439712  

Majid, M. A., Huneiti, Z. A., Al-Naafa, M. A., & Balachandran, W. (2012). A study of the 

effects of using MATLAB as a pedagogical tool for engineering mathematics students. 



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

325 

2012 15th International Conference on Interactive Collaborative Learning (ICL), 1–9. 

https://doi.org/10.1109/ICL.2012.6402183  

Marini, A., Passoni, C., Belleri, A., Feroldi, F., Preti, M., Metelli, G., Riva, P., Giuriani, E., 

& Plizzari, G. (2022). Combining seismic retrofit with energy refurbishment for the 

sustainable renovation of RC buildings: A proof of concept. European Journal of 

Environmental and Civil Engineering, 26(7), 2475–2495. 

https://doi.org/10.1080/19648189.2017.1363665  

Milenković, A., Takači, Đ., & Božić, R. (2022). On the influence of software application 

for visualization in teaching double integrals. Interactive Learning Environments, 

30(7), 1291–1306. https://doi.org/10.1080/10494820.2020.1719164  

Mohamed, M. Z. bin, Hidayat, R., Suhaizi, N. N. binti, Sabri, N. binti M., Mahmud, M. K. 

H. bin, & Baharuddin, S. N. binti. (2022). Artificial intelligence in mathematics 

education: A systematic literature review. International Electronic Journal of 

Mathematics Education, 17(3), em0694. https://doi.org/10.29333/iejme/12132  

Negara, H. R. P., Wahyudin, Nurlaelah, E., & Herman, T. (2022). Improving Students’ 

Mathematical Reasoning Abilities Through Social Cognitive Learning Using 

GeoGebra. International Journal of Emerging Technologies in Learning (IJET), 

17(18), 118–135. https://doi.org/10.3991/ijet.v17i18.32151  

Nurhayati, L., Priatna, N., Herman, T., & Dasari, D. (2023). LEARNING OBSTACLE 

PADA MATERI INTEGRAL (ANTIDERIVATIVE) DALAM TEORI SITUASI 

DIDAKTIS. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 12(1), 984. 

https://doi.org/10.24127/ajpm.v12i1.6470  

Nurhayati, L., Suryadi, D., Dasari, D., & Herman, T. (2023). Integral (antiderivative) 

learning with APOS perspective: A case study. Journal on Mathematics Education, 

14(1), 129–148. https://doi.org/10.22342/jme.v14i1.pp129-148  

OBrien, E. J., Zhang, L., Zhao, H., & Hajializadeh, D. (2018). Probabilistic bridge weigh-

in-motion. Canadian Journal of Civil Engineering, 45(8), 667–675. 

https://doi.org/10.1139/cjce-2017-0508  

Pedro, L. F. M. G., Barbosa, C. M. M. de O., & Santos, C. M. das N. (2018). A critical 

review of mobile learning integration in formal educational contexts. International 

Journal of Educational Technology in Higher Education, 15, 1–15. 

https://doi.org/10.1186/s41239-018-0091-4  

Pinkernell, G., Diego-Mantecón, J. M., Lavicza, Z., & Sangwin, C. (2023). AuthOMath: 

Combining the Strengths of STACK and GeoGebra for School and Academic 

Mathematics. International Journal of Emerging Technologies in Learning (IJET), 

18(3), 201–204. https://doi.org/10.3991/ijet.v18i03.36535  

Rangel, R. L., & Martha, L. F. (2019). LESM—An object‐oriented MATLAB program for 

structural analysis of linear element models. Computer Applications in Engineering 

Education, 27(3), 553–571. https://doi.org/10.1002/cae.22097  

Sallah, E. K. (2021). Use of Maple Software to Reduce Senior High School Students’ 

Errors in Integral Calculus. African Journal of Educational Studies in Mathematics 

and Sciences, 17(2), 51–59. 

https://www.ajol.info/index.php/ajesms/article/view/221623  

Sallah, E. K., Sogli, J. K., Owusu, A., & Edekor, L. K. (2020). Effective Application Of 

Maple Software To Reduce Student Teachers’errors In Integral Calculus. Statistics, 

4(3), 64–78. https://doi.org/10.52589/AJMSSWRFGFPIH.  

Salleh, T. S. A. @, & Zakaria, E. (2013). Enhancing Students’ Understanding in Integral 

Calculus through the Integration of Maple in Learning. Procedia - Social and 

Behavioral Sciences, 102, 204–211. https://doi.org/10.1016/j.sbspro.2013.10.734  



 MATHEMA JOURNAL E- ISSN 2686-5823  

  Volume 8 (1), 2026 

326 

Salleh, T. S., & Zakaria, E. (2016). The Effects of Maple Integrated Strategy on 

Engineering Technology Students’ Understanding of Integral Calculus. Turkish 

Online Journal of Educational Technology-TOJET, 15(3), 183–194. 

https://eric.ed.gov/?id=EJ1106377  

Septian, A., Suwarman, R. F., Monariska, E., & Sugiarni, R. (2020). Somatic, auditory, 

visualization, intellectually learning assisted by GeoGebra to improve student’s 

mathematical representation skills. Journal of Physics: Conference Series, 1657(1), 

012023. https://doi.org/10.1088/1742-6596/1657/1/012023  

Sharifi, S., & Toopchi-Nezhad, H. (2018). Seismic response modification factor of RC-

frame structures based on limit state design. International Journal of Civil 

Engineering, 16(9), 1185–1200. https://doi.org/10.1007/s40999-017-0276-6  

Srivastava, A. (2021). Causality and passivity: From electromagnetism and network theory 

to metamaterials. Mechanics of Materials, 154, 103710. 

https://doi.org/10.1016/j.mechmat.2020.103710  

Syarifuddin, H., Arnawa, I. M., Bahri, S., Bakar, N. N., Rahmadya, B., Nita, S., & Adona, 

F. (2023). How Can Blended Learning and GeoGebra Promote Students’ 

Achievement in Calculus during the COVID-19 Pandemic? Journal of Hunan 

University Natural Sciences, 50(2). https://doi.org/10.55463/issn.1674-2974.50.2.6  

Tamam, B., & Dasari, D. (2021). The use of Geogebra software in teaching mathematics. 

Journal of Physics: Conference Series, 1882(1), 012042. 

https://doi.org/10.1088/1742-6596/1882/1/012042  

Tatar, E., & Zengin, Y. (2016). Conceptual understanding of definite integral with 

Geogebra. Computers in the Schools, 33(2), 120–132. 

https://doi.org/10.1080/07380569.2016.1177480  

Weinhandl, R., Lavicza, Z., Hohenwarter, M., & Schallert, S. (2020). Enhancing flipped 

mathematics education by utilising GeoGebra. International Journal of Education in 

Mathematics, Science and Technology, 8(1), 1–15. 

https://eric.ed.gov/?id=EJ1240531  

Xiao, Y., & Watson, M. (2019). Guidance on conducting a systematic literature review. 

Journal of Planning Education and Research, 39(1), 93–112. 

https://doi.org/10.1177/0739456X17723971  

Zakaria, E., & Salleh, T. S. (2015a). Using Technology in Learning Integral Calculus. 

Mediterranean Journal of Social Sciences. 

https://doi.org/10.5901/mjss.2015.v6n5s1p144  

Zakaria, E., & Salleh, T. S. (2015b). Using technology in learning integral calculus. 

Mediterranean Journal of Social Sciences, 6(5), 144. 

https://doi.org/10.5901/mjss.2015.v6n5s1p144  

Zotos, K. (2007). Performance comparison of Maple and Mathematica. Applied 

Mathematics and Computation, 188(2), 1426–1429. 

https://doi.org/10.1016/j.amc.2006.11.008 

 

 

 


	Improving Integral Concept Understanding Ability through ICT: Systematic Literature Review
	Introduction
	Results and Discussion


