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Introduction

Mathematics learning equips students with various important abilities (Nopriana et al.,
2021), which can include understanding skills, reasoning skills, problem solving skills,
communication skills, connection skills, critical thinking skills, and creative thinking skills.
Good mastery of mathematics plays an important role in academic, economic and general life
success (Rittle-Johnson et al., 2019). For example, in decision making, students with good
mathematical skills will be wiser in determining a decision. Students with good reasoning
skills can lead students to better understand and apply mathematical concepts in everyday
(Marasabessy, 2021). Mathematical reasoning is the ability to use logic and critical thinking
to analze and justify mathematical statements, arguments and proofs. Mathematical reasoning
involves using mathematical facts, definitions, rules, and principles to construct valid
arguments and draw valid conclusions. Therefore, reasoning is so important that teachers
make reasoning one of the focuses in teaching mathematics (Mujib & Sulistiana, 2023).

Proportional reasoning is one of the fundamental ones. This skill is learnt from
primary grade to tertiary level, so proportional reasoning skills must be well mastered by
students in order to succeed in the next level of mathematics (Wynkoop, 2022). Proportional
reasoning is concerned with the core of introducing students to the understanding of ratio
(Tjoe & Torre, 2014). Proportional reasoning skills have practical functions in classroom
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mathematics learning, other subjects, and everyday life (Ayuningtyas, 2019). Some
mathematics materials require proportional reasoning, such as ratio, comparison, geometry,
congruence, and measurement in elementary and junior high school, and also trigonometry
and probability in senior high school.

Increasing digitalization is characterized by the integrated use of technology in
various daily activities. The use of technology has now influenced various aspects of life
(Agyei et al., 2023). The influence of technology can include how to communicate, work,
learn, and other daily life activities. Lack of knowledge about technological developments
will affect one's performance at work (Ryd et al., 2018). The deepening role of technology in
various fields makes technology an important element in bridging daily life towards progress
and transformation that continues to grow. The presence of technological developments also
increases participation in daily life activities (Ramsten et al., 2020). The usefulness of
technology can be expressed in the form of instruments that make things easier, technical
advances, and improvement tools (Daghan, 2017). This development should certainly trigger
the optimal utilization of technology in improving the quality of life in general.

Technological developments in education should be seen as a way to improve the
quality of education (Fredlina et al., 2021), because education is one of the effective ways to
improve the quality or progress of a nation (Rianto et al., 2020). The utilization of technology
in the field of education can broadly include information system management, e-learning, and
learning media (Husaini, 2014). The development of technology has offered an interesting
integration in learning practices. Learning by utilizing technology has been shown to improve
cognitive, metacognitive, and affective abilities (Pierce et al., 2007). In addition, learning
with technology can also make learning more efficient, and can provide faster feedback to
students (Gunawan et al., 2023), interesting, interactive, and relevant according to the times.
The use of technology that has a significant impact on teaching and learning outcomes leads
to surging technology investments globally (Agyei et al., 2023).

The presence of technology is a new and promising potential in the rapid
transformation of mathematics teaching and learning (Lavicza, 2010). The integration of
technology in improving mathematics teaching and learning outcomes has been advocated by
various groups (Drijvers, 2015), ranging from mathematics teachers, curriculum developers,
and mathematics education researchers (Agyei et al., 2022). The role of effective use of
technology is to (a) encourage the proof cycle, (b) present and connect various
representations, (c) support case-based reasoning, and (d) act as a tutee. It shows that teachers
must be able to master the use of technology to support mathematics learning. The use of
technology in learning mathematics has been shown to improve learning achievement and
positive student attitudes (Eyyam & Yaratan, 2014). Even better, the use of technology has a
significant overall impact on student achievement, motivation and attitudes (Higgins et al.,
2019).

In practice, several factors determine the success of integrating technology in
mathematics education: design, teacher role and educational context (Drijvers, 2015). Thus,
in teacher education programmes it is important to focus on the type of tools, how teachers
position them in mathematics learning, and how certain activities are carried out in
accordance with mathematics learning objectives (McCulloch et al., 2018). Classroom
learning practices have been influenced by the use of technology in a positive direction. An
example is the use of electronic textbooks as a technology used daily in the classroom (Chiu,
2017). The textbooks referred to here are not just paper textbooks in electronic format, but
textbooks that allow for collaborative, interactive and other authentic activities.
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Some documents examine that research in recent years on proportional reasoning
focuses on cognitive paradigms and on student difficulties in describing proportional
reasoning (Wijayanti & Winslow, 2017), and some examine systematic literature reviews in
developing students’ proportional reasoning skills in mathematics learning environments have
not focused on technology integration (Lutfi et al., 2023). Systematic literature review
research conducted by Susanto et al., (2023) which examines the use of technology in
improving students' mathematical problem skills, the results show that the GeoGebra
application is the technology most often used in developing students’ mathematical
understanding skills. In addition, research conducted by Sunzuma (2023) examines the
integration of technology in teaching and learning geometry, the results show that GeoGebra
is the most frequently used application in teaching and learning geometry materials integrated
with technology.

From various literature that discusses the use of technology in mathematics learning,
there needs to be a systematic literature review that focuses on the use of technology to
facilitate the development of students' proportional reasoning skills. It will benefit teachers
because, in fact, the level of competence in technology integration is an important factor and
has an influence on the practices carried out by teachers to achieve better results in student
development (Al-Abdullatif & Alsaeed, 2019), besides that the systematic literature review
can also explore data on how much research has been done by researchers on the topic that
has been determined. This study aims to analyze the role of technology in facilitating the
development of students' proportional reasoning skills in mathematics learning. It will be
useful for teachers in implementing learning in the mathematics classroom.

Research Method

This study used the systematic literature review method with a qualitative approach.
The systematic literature review method emphasized classifying, selecting, assessing, or
counting critically significant investigations and collecting and examining information from
the findings for review (Aliyu et al., 2021). Researchers used Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) to screen documents that fit the topic of
systematic literature review (Moher et al., 2015; Page et al., 2021), which consists of four
stages, namely identification, screening, eligibility, and inclusion (Selcuk, 2019). The search
results on the Scopus database with a search based on "Article title, abstract, and keyword"
using the keywords "mathematics” AND "proportional reasoning” (Haddaway et al., 2022).

To determine the documents included in this study, researchers used inclusion criteria,
which is useful for recommending authors to cite documents on the topic and explaining why
studies are excluded (Page et al., 2021). The inclusion criteria in this systematic literature
review are as follows: 1) Documents that discuss the use of technology to develop students'
proportional reasoning skills that can be sourced from articles, book chapters, and conference
papers, for review documents, editorials, letters, and notes are excluded; 2) all documents
included in the search results and indexed by Scopus are included in the document selection;
and 3) researchers chose to review all documents from the beginning of the search results
year until the date the search was conducted, namely 12 December 2023, even though the
first year the appropriate document was found was in 2006. The data analysis technique used
in this research was thematic analysis.

Results and Discussion
Based on the search results on the Scopus database, 206 documents were found, and
18 documents met the inclusion criteria. The results of the systematic literature review are
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presented in the form of: 1) the trend of article publication from year to year; 2) the
technology used; 3) the research methods used; 4) the level of research subjects or samples;
and 5) the location of the research. This systematic literature review analyzed 18 documents
sourced from 12 articles, 2 book chapter documents, and 4 conference paper documents. The
results of the analysis are presented as follows:
Study based on year publication

The results of the systematic literature review obtained 18 documents that focus on
the use of technology to develop proportional reasoning skills in mathematics learning. All
documents reviewed from the Scopus database obtained documents that discuss this matter
starting in 2006. The following document publication trend is presented in Figure 1.
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Figure 1. Study based on year of publication

Based on Figure 1, the publication of scientific documents that discuss the use of technology
in developing students' proportional reasoning skills in mathematics learning was found
starting in 2006 written by Norton (2006). However, from 2007 to 2014, no related
publications were found and began to exist again in 2015, which directly contained 6
documents with the most publications. However, it has decreased again; even in 2018, 2022,
and 2023, no related publications have been found. This shows that research on the use of
technology in facilitating students' proportional reasoning skills in mathematics learning has
received sufficient attention by several researchers, although the trend still shows ups and
downs.
Study based on technology used

Various types of technology have been used to facilitate the development of students'
proportional reasoning skills. The majority of researchers used the “Zeldenrust” tool with a
total of 6 documents (Vrugte et al., 2015, 2017; Wouters, Oostendorp, Vrugte, Jong, et al.,
2015; Wouters, Oostendorp, Vrugte, Vandercruysse, et al., 2015; Wouters et al., 2016, 2017).
Zeldenrust is a 2D game tool developed by utilising the Flash/ActionScript 3 program, which
is a popular medium for developing interactive media (Paat et al., 2019). The Zeldenrust
application is provided by the researcher at the link
http://www.projects.science.uu.nl/mathgame/zeldenrust/index.html.  The game presents
activities that cover certain types of problems in the domain of proportional reasoning
(Wouters et al., 2016). Robotics is also used to facilitate students in developing proportional
reasoning, there are 5 documents that discuss it (Alfieri et al., 2015; Cheng et al., 2021;
Kessler et al., 2020; Norton, 2006; Ortiz, 2015), two of which utilise LEGO Robotic (Norton,
2006; Ortiz, 2015). LEGO Raobotics is the result of a collaboration between Massachusetts
Institute of Technology (MIT) researchers and the LEGO® Company to design a unit
equipped with computational capabilities that can accommodate the installation of traditional
LEGO blocks that can be controlled (Ortiz, 2015), the results showed that students'
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proportional reasoning improved. Another document that utilised robotics was written by
Alfieri et al. (2015), he used a 3D game called "Expedition Atlantis”. The next document has
one research each, namely by utilising Dynabook which is a device in facilitating web-based
learning (Courey et al., 2015), Scalebridge by utilising virtual reality (VR) (Pietroszek &
Tahai, 2019), GeoGebra (Faria & Maltempi, 2019), video games (Wisittanawat & Gresalfi,
2020), and augmented reality (AR) (Arican & Ozgakir, 2021).
Study based on research approach

Research on the utilisation of technology in facilitating the development of students'
proportional reasoning skills uses different approaches are presented in Figure 2 below.

® Quantitative  m Qualitative Mixed method

Figure 2. Study based on research approach

Based on Figure 2, quantitative approach was used in 7 documents (39%), qualitative
approach was used in 5 documents (28%), and mixed-method was used in 6 documents
(33%). The quantitative approach was used in the research of Cheng et al. (2021); Vrugte et
al. (2015, 2017); Wouters et al. (2016, 2017); Wouters, Oostendorp, Vrugte, Jong, et al.
(2015); dan Wouters, Oostendorp, Vrugte, Vandercruysse, et al. (2015). Qualitative
approaches were carried out in the research of Arican & Ozgakir (2021); Faria & Maltempi
(2019); Pietroszek & Tahai (2019); Shayan et al. (2016); and Wisittanawat & Gresalfi (2020).
Mixed method was conducted in the research of Alfieri et al. (2015); Courey et al. (2015);
Duijzer et al. (2017); Kessler et al. (2020) dan Norton (2006); dan Ortiz, 2015). The Research
and Development type has not been used on the topic of technology utilisation to facilitate
the development of students' proportional reasoning, even though this type of research can
also be used in the field of education.
Study based on educational level

The next discussion is based on the education level of the research. The utilisation of
technology in facilitating the development of proportional reasoning skills based on
education level is presented in Figure 3.
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Figure 3. Study based on eduacational level
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Based on Fugure 3, the majority of research on the use of technology in facilitating the
development of proportional reasoning was conducted at the junior high school level. This is
supported by the fact that proportional reasoning is widely studied at the junior high school
level (Daghan, 2017), is critical in mathematics success, and is a determinant of success
outside of school. However, based on a systematic literature review, no research has been
conducted at the senior high school level, even in other subjects (Suryadi et al., 2020). In fact,
at the high school level, proportional reasoning is also quite widely studied, so in the future,
other studies can be carried out.
Study based on research location

The last discussion of systematic literature is based on the location of the research
presented in Figure 4.
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Figure 4. Study based on research location

Based on Figure 4, research on the utilisation of technology to facilitate the development of
proportional reasoning skills is mostly conducted in the Netherlands, namely 8 studies. In the
USA, 6 studies were conducted. Australia, Turkey, Taiwan and Trinidad and Tobago each
conducted 1 study. This shows that the Netherlands makes good use of technology to
facilitate the development of students' proportional reasoning skills in mathematics learning.
This is supported by the research ofDrijvers et al. (2021), which states that at the time of
Covid-19 requiring schools to close, the Netherlands became a country with the highest level
of intensity in the use of technology among the countries of Flanders, and Germany.

The results of this systematic literature review show that technology plays an
important role in facilitating the development of students' proportional reasoning skills.
Teachers can utilize various technologies to facilitate the development of proportional
reasoning skills. Some technologies that can be used are Flash/ActionScript 3 program,
robotic, web-based learning, virtual reality (VR), GeoGebra, video games, and augmented
reality (AR). The choice of technology used can be adjusted to the preferences of teachers,
students, and school resources because, of course, not all elements have the same access. The
learning syntax used by teachers can also refer to the documents included in this systematic
literature review.

Conclusion

Based on the results of the systematic literature review, the results show that 2006 was the
first year that documents were found that discussed the utilization of technology to facilitate
the development of students' proportional reasoning skills. 2015 was the most productive year
that discussed the utilization of technology to facilitate the development of students'
proportional reasoning skills. The most widely used technology to facilitate the development
of students' proportional reasoning skills is "Zeldenrust" which utilizes Flash/ActionScript 3
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programs; other technologies are robotics, web-based learning, interactive touchscreen tablet
application (MIT-Ext), Scalebridge by utilizing virtual reality (VR), GeoGebra, video games,
and augmented reality (AR). The research approaches used are almost balanced between
quantitative approaches, qualitative approaches, and mixed methods. Research related to the
topic is mostly conducted at the junior high school level, but topical research has not
facilitated high school students. The location of the research was mostly conducted in the
Netherlands.

Recommendation

Some recommendations that researchers can give are for educators or mathematics teachers
to use some of the references presented as suggestions for improving students' proportional
reasoning with the integration of technology in mathematics learning. Future research can
also conduct similar research to see more deeply how the use of technology facilitates the
development of students' proportional reasoning. From the review that has been done, no
research has been found that facilitates students in high school so that future research can be
carried out at the high school level. Research that focuses on research and development
(R&D) can also be conducted.
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