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Abstract: This study aims to develop a digital tool to enhance mathematical argumentation skills. This
study employs a Research and Development (R&D) approach. The development of this digital tool follows the
ADDIE model, which consists of stages of analysis, design, development, testing, and evaluation. The subjects of
the study were 120 second-semester students from the Mathematics Education Study Program at a university in
Indonesia. The object of this study is a digital tool for argumentation. The research instruments included validation
sheets, questionnaires for feedback from lecturers and students and tests. The research findings indicated that the
digital tool for mathematical argumentation is valid, practical, and effective in improving students” mathematical
argumentation skills. The creation of this digital tool is based on the integration of the Toulmin schema components
and indicators of mathematical argumentation skills. This digital tool can be a good alternative to effectively
address students’ limitations in constructing, understanding, and presenting mathematical arguments. The novelty of
this study is the development of a valid, practical, and effective digital device for mathematical argumentation to
enhance students’ mathematical argumentation skills.
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1. Introduction

The era of globalization, characterized by the
outsized role of information and communications
technology (ICT), refers to a period in which global
interconnection, information exchange, and economic
integration are increasing. In this era, information and
communication technology (ICT) plays a very
important role in almost every aspect of human life [1,
2]. Technology can be used for mathematics learning.
A learning environment uses computer technology to
support  collaboration  between individuals in
understanding and working with dynamic mathematical
objects created by users [3].

Along with advances in information technology, the
use of multimedia has become a new way to teach
mathematics [4]. However, mathematics learning
methods in Indonesia are still based on traditional
approaches, and the use of technology is still limited in
daily mathematics learning activities [5]. As suggested
in [6], integrating technology in mathematics learning,
especially at the secondary school and college levels,
seems very relevant and should be studied further in
the context of education in Indonesia. Therefore, a
digital mathematical argument tool was developed.

Digital mathematical argument tools are learning
media that utilize electronic technology to demonstrate
or prove the truth of a mathematical statement. These
tools can take many forms, including interactive
software, web applications, or online learning
platforms specifically designed to help students
understand mathematical concepts through logical
steps. The digital tool for mathematical argumentation
was developed as one of the suggestions by [7] and [8]
that teachers are expected to not only guide students in
understanding concepts and skills but also facilitate
students” ability to conduct investigations, build
models, argue, and achieve certainty. in science and
mathematics. Learning strategies combine
collaborative elements and software technology to
improve students’ argumentation abilities [3].

The findings of [9], which focus on the thinking
process in constructing mathematical arguments, are
closely related to the use of digital tools to enhance
mathematical argumentation skills. Digital tools can
help accelerate and strengthen the thinking process by
providing visualization tools, real-time feedback, and
collaborative platforms that enable the development of
stronger and more structured arguments. Thus,
technology plays an important role in supporting more
interactive and effective mathematical learning, aligned
with the thinking processes highlighted in [9].

Students’ argumentation skills must be improved
because some students do not use deductive arguments
[9-12]. In developing argumentation skills, students
solving evidentiary problems must change non-
deductive arguments into deductive arguments [13].
Therefore, the learning objective must gradually
improve students’ argumentation skills to produce
formal evidence [14].

Research related to the use of software to develop
mathematical argumentation skills includes [3], the
developing of student argumentation through small-
group collaboration wusing the dynamic geometry
software (DGS) environment. A web-based multimedia
whiteboard system was developed in [15] to assist
students in learning mathematical problem solving,
where students are asked to criticize solutions and reply
to other people’s arguments. Therefore, this study was
conducted with the aim of developing digital tools to
improve mathematical argumentation skills.

2. Literature Review

2.1. Digital Devices

Technology can provide equal access to
mathematics for all students [16]. Technological tools,
such as theorem proving, can play an important role in
the development of mental and social flexibility skills,
creativity, collaboration, etc. [17]. Educators must
maximize the benefits of technology in mathematics
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education in the form of digital devices.

2.2 Mathematical Argument Ability

Building an argument is not limited to simply
connecting premises and conclusions. To achieve a
more in-depth argument analysis, the use of Toulmin’s
scheme is important [18]. The Toulmin scheme
comprises data, claims, warrants, backing, disclaimers,
and qualifiers. Data are information or facts used to
support claims. A claim is a statement that will be
proven to be true. Warrants are statements that link
data to claims and provide a basis or justification for
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drawing conclusions from the data. Backing is
additional information or support that supports a
warrant, often in the form of legal basis or other
evidence. A disclaimer is a condition or exception that
can limit the validity of a claim, and a qualifier is an
expression that indicates the strength of the relationship
between the data and claim provided by the warrant.
Understanding and using these components effectively,
stronger and more detailed arguments can be built. The
Table 1 describes the elements of student ability in
mathematical argumentation [19].

Table 1. Components of mathematical model of student ability in mathematical argumentation (compiled by
the authors)

Argumentation Ability

Indicator

Perfection of each element in preparing a
mathematical argument

a) Presenting data and claims
b) Explain warrants

¢) Provide trustworthy support
d) State the qualifier and disclaimer

The quality of mathematical arguments

a) Uses deductive logic accurately

b) Achieve agreement from the audience regarding the truth of
the argument

¢) Make the audience accept and believe the argument without
raising doubts

3. Methods

This research method uses Research and
Development (R&D), which is directed at developing
digital argumentation tools to improve students’
mathematical argumentation abilities. This digital
device uses the ADDIE model, which consists of
analysis, design, development, testing, and evaluation
stages (Figure 1).

Argument o o

Figure 1. Digital Device development stages
using the ADDIE model (developed by the
authors)

The analysis stage includes an analysis of digital
devices, curricula, and argumentation skills. The
purpose of digital device analysis is to determine the
use of digital devices developed during learning.
Digital device analysis was performed using library
research. Curriculum analysis is conducted by
examining the curriculum being implemented at the
research site. An analysis of argumentation abilities
was conducted to determine the students’ initial
abilities.

The design stage is to produce an initial product

(prototype) or product design that is adapted to the
analysis of digital devices, curriculum and
argumentation skills that have been carried out. The
activities carried out included format selection, initial
framework, and instrument selection.

The development stage is to elaborate a design for
the digital argument tool. Steps in this development
stage include: developing a framework design for
digital argument tools and instruments that have been
created at the design stage, evaluating digital argument
tools conducted by experts who are competent in the
field of digital tools and mathematical materials,
revising digital tools based on suggestions and
criticism from experts’ revisions to the digital argument
tool which was developed based on a questionnaire and
observation sheet obtained during the trial.

The implementation stage involved learning assisted
by digital argumentation devices on research subjects
on a small scale. This stage carried out a pretest-
posttest to measure the effectiveness of increasing
students’ mathematical argumentation skills before and
after learning, using digital argumentation tools.

The evaluation stage involves final analysis of
digital devices, curriculum and argumentation skills
that have been carried out. The activities carried out
included format selection, initial framework, and
instrument selection.

The research object is a digital argument device.
The participants of this research were 120 students in
the second semester of the Mathematics Education
Study Program at a university in Indonesia. The
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selected students were from the Mathematics Education
Program, which means they had relevant backgrounds
and an understanding of the mathematical
argumentation material to be explored in this study.
Second-semester students were chosen because they
are at an early stage in their mathematics education. At
this stage, they begin to learn fundamental concepts
and principles of mathematical argumentation. This
provides an opportunity to evaluate the enhancement of
students’ abilities in mathematical argumentation using
the developed digital tools. The sample size of 120
students aimed to provide a representative analysis and
stronger statistics to obtain more varied data and
enhance the generalizability of the research results. The
students were selected from a university with a similar
curriculum to ensure that they had comparable learning
experiences. This reduces external variability that
could affect research outcomes, such as differences in
teaching methods or materials taught.

The research instruments included validation sheets,
lecturers, student response questionnaires, and tests.
The validation sheet was submitted to digital device

Vol. 51 No. 10, October 2024

experts and material experts to obtain comments,
suggestions, or criticism as a basis for product revision
in determining the suitability of the digital device
argument. The lecturer’s response guestionnaire sheet
was filled out by the lecturer to determine the lecturer’s
response to the digital argumentation tool being
developed. Student response questionnaire sheets were
filled out by the students to determine student
responses to the digital devices being developed. This
test is structured based on the indicators of
mathematical argumentation ability. This test was used
to measure students’ mathematical argumentation
abilities before and after using digital argumentation
tools.

Data obtained from the validation sheets, lecturers,
and student response questionnaires were analyzed
using a Likert scale. Each answer chosen by the
respondent was multiplied by 100% to obtain the
Feasibility Percentage (PK). This percentage was s then
converted into the eligibility criteria, according to
Table 2.

Table 2. Eligibility criteria for argument digital devices (compiled by the authors based on [20])

Eligibility Criteria

Information

Validity Practicality
PK >80 Very Valid Very Practical  No Revision Required
60 < PK <80 Valid Practical No Revision Required
40 <PK <60 Fairly Valid Quite Practical Minor Revisions
20<PK <40 Less Valid Invalid Less Practical Revision
PK <20 Fairly Valid Impractical Revision

Analysis of student evidentiary ability test data
was carried out using the Normalized Gain Score (N-
Gain), and the n-Gain value was converted based on
the criteria shown in Table 3.

Table 3. N-gain value criteria (Source [21])
Criteria Value Range Criteria

N-gain > 0.7 High
0.3<N-gain<0.7 Medium
N-gain< 0. 3 Low

4. Results

4.1. Data from Learning Observations,
Questionnaires Identifying Aspects and Creativity
Indicators

Observations were carried out during the learning
process of mathematics instructional media courses,
which referred to the Semester Learning Plan, to
identify emerging aspects and indicators of student
creativity. Next, students completed a questionnaire
regarding aspects and indicators to identify their
creativity in constructing mathematics instructional
media. Table 1 shows the results of the observations

and Table 2 shows the student questionnaire on the
aspect of creating new ideas.

The following is a description of the results of
developing the Digital Argument Tool using ADDIE
stages.

4.2. Analysis

Observations were made during n lectures on linear
algebra, analysis, abstract algebra, plane geometry,
space geometry, calculus, and Functions of Complex
Variables. The curriculum in this course solves more
evidentiary problems where students not only use
deductive logic accurately, but must also have
argumentation skills to convince the audience.

Lecturers have applied a blended learning method.
More students chose to use Android-based smartphone
devices, whereas the rest used computers or laptops.
The campus also provides learning facilities using
technology, with the availability of digital smart
classrooms. This shows that technology development is
appropriate for learning applications. Internet users
actively use technology for educational purposes,
entertainment, and social media [22].
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4.3. Design

The design stage produces a product design or
initial product that is adjusted to the analysis that has
been carried out. The components in the main menu

Febri Yohanes Aldi Wicaksono,
S.Kom,

Betiarnpn but kngan inor Argumen Matamets
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display include the Study of Mathematical Argument
Theory, Practice in Compiling Evidence, Practice in
Preparing Mathematical Arguments using the Toulmin
scheme, as shown in Figure 2. l

l

Lntitram Wermgumun Argiimun Metwmats cansan Skomp
Toummin

Figure 2. Main menu display (developed by the authors)

Argument Matematis

atihan Maniusun bukt

Febri Yohsnes Aldi Wicaksono,
S.Kom

No Pamyataan

Piin permystaan di bawah inl

an m,n adalah bilangan Suat: ika mn ge

2 Misalkan 3, b, ¢ adaleh biangan real dengen 8> b, Jike a¢ < be, mske ¢ <0

Langkah Pembuktisn

Figure 3. Mathematical argument (developed by the authors)

The components in the mathematical argument
menu display include statements, strategies and proof
steps as in Figure 3. The statement contains the
mathematical statement to be proven, students can
choose one of the statements presented. The strategy
contains the choice of strategy to be used in the proof
g and the reasons for using the strategy as shown in
Figure 4.

At this stage, research instruments were also
designed, consisting of validation sheets, lecturers, and

Febri Yohanes Aldi Wicaksono,
S.Kom.

Langkah Pembuktian

student response questionnaires and tests. The
validation sheet was used to assess and provide
suggestions  for the development of digital
argumentation tools by learning material and
technology experts. Lecturer and student response
guestionnaires were used to determine lecturers’ and
students’ responses to the digital argumentation tools
developed. The test consisted of a pre-test and post-test
based on indicators of students’ mathematical
argumentation abilities.

Strategi apa yang anda pilih untuk statement dibawah ini:

"Misalkan m,n adalah bilangan bulat. jika mn
genap, maka m genap atau n genap"

No Metode pilih
1 Kuantor
p Disjungsi

3 Konjungsi

Figure 4. Strategy view (developed by the authors)

4.4, Development
This stage involves the development of a design

framework for digital arguments and instrument tools
created during the design stage. The developed product
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was a digital argument device. Furthermore, product
validation was developed by material experts and
learning technology experts. Material validation was
conducted by lecturers in mathematics education.

Vol. 51 No. 10, October 2024

Meanwhile, learning technology validation was
conducted by information technology education
lecturers. The expert assessment results are given in
Tables 4 and 5 as were recapitulated.

Table 4. Material expert validation results (compiled by the authors)

No  Aspect Criteria Score
Validator 1 Validator 2

The material presented is attractive to students 5 4

1 Format The mathematical argument application can be used as an 4 5
independent learning medium

2 Contents  Mathematical material and problems are related to 4 4
mathematical arguments
The material and mathematical problems presented are 3 4
arranged in an orderly manner
The material and problems presented are in accordance 4 3
with student characteristics
Images, writing, and animation can be visualized 4 3
Teaching material is explained in depth and clearly 4 4
mathematical argument concepts
The material and problems presented are sufficient to 4 4
develop students’ mathematical argumentation skills
Problems correspond to success indicators 4 3

3 Language The language used complies with adjusted spelling 3 4
The language used is easy to understand 4 4
Total Score 47 49
Eligibility Percentage (PK) 78% 76%
Validity Category Valid Valid
Information No revision No revision

required required

Table 4 shows the assessment results from the
material experts for the valid criteria. Therefore, a
product developed in the form of a mathematical
argument application is suitable for use without

comments and suggestions for improving product
quality. The material expert validator’s suggestion is to
add various examples of questions so that students’
proving and argumentative abilities can be better

revision. Expert validators also provided several understood.
Table 5. Media expert validation results (compiled by the authors)
No Aspect Criteria Score
Validator 1 Validator 2

1 Simplicity Ease of operation/Use of mathematical argument applications 4 4
Mathematical arguments application supports android devices 4 4
Application of Mathematical Arguments according to student 3 4
characteristics
Videos and animations are understandable and appropriate to 4 3
teaching materials and mathematical arguments
The sentences used are concise, clear and understandable 5 4

2 Integration The order between pages corresponds to the order of the 4 4
material and the order of constructing mathematical
arguments
The instructions used comply with content of the 4 4
mathematical argument application
The symbols used conform to mathematical rules 4 4
Total Score 32 31
Eligibility Percentage (PK) 80% 77%
Validity Category Valid Valid
Information No revision No revision

required required

Table 5 shows the assessment results from the

learning technology experts for the wvalid criteria.
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Therefore, a product developed in the form of a digital
device is suitable for use without revision. Expert
validators also provided several comments and
suggestions for improving product quality. The advice
from validators who are learning technology experts is
that the icon animation is too stiff and can be changed
to another animation so that it is not monotonous.

4.5. Implementation

The implementation stage involved testing the
product on research subjects at a small scale. Students
logged in via the link

Vol. 51 No. 10, October 2024

https://argumentmatematik.com/login, a pretest was
carried out, and after implementation, a post-test was
carried out to measure the effectiveness of increasing
the ability to prove before and after using the digital
argument device product.

After product implementation, lecturers and
students were asked to complete a questionnaire
regarding the use of digital argumentation tools. This
measure measures the level of practicality of the
product being developed. The recapitulation results of
the lecturer and student response assessments are
presented in Tables 6 and 7, respectively.

Table 6. Results of recapitulation of lecturer response assessments regarding the level of product
practicality (compiled by the authors)

No Statement Score

1 The overall appearance of the digital argument device is interesting 4

2 Suitability of digital device component layout arguments 4

3 Suitability of format and display of digital argument devices 4

4 Argument digital devices are easily accessible >

S Digital argument tools can be used independently by students 4

6 The content of the material on the digital argument device is in accordance with 4
learning outcomes

7 The material on the digital argument device is presented precisely, clearly and 4
coherently

8 Correspondence of mathematical symbols and sentences for digital argument devices 4

9 Practice and evaluation questions on digital argument tools are in accordance with 4
learning outcomes

10 Digital argumentation tools can train students’ abilities in argumentation 4
Total Score 41
Eligibility Percentage (PK) 82%
Validity Category Very valid

Information

No revision required

Table 7. Results of recapitulation of student response assessments regarding the level of product
practicability (compiled by the authors)

No Statement Score

1  The digital display of the arguments presented made my interested in following the lesson 4

2  The argument digital device makes it easier for me to use 5

3 I have fast access to open argument digital tools 4

4 Digital argumentation tools make me more motivated to learn argumentation 4

5  The display of the digital argument device is systematic 4

6 I can understand the language used in digital argument tools 4

7  The material on the digital argument device is presented precisely, clearly and coherently 5

8  The suitability of mathematical symbols and sentences in digital argumentation devices 4

9 Practice and evaluation questions on digital argument tools according to learning outcomes 4

10 Digital argumentation tools train my abilities in argumentation 4
Total Score 42
Eligibility Percentage (PK) 84%
Validity Category Very practical

Information

No revision required

Tables 6 and 7 show the results of the lecturers’ and
students’ responses to the level of product practicality
in the practical criteria. Therefore, a product developed
in the form of a digital device is suitable for use

without revision. The results of the pre- and post-test,
which show students’ mathematical argumentation
abilities, are presented in Table 8.
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Table 8. Descriptive statistics of pretest-posttest scores for argumentation ability (compiled by the authors)

N Range Min. Max. Sum  Mean Std.dev. Variance
Pre-test argumentation ability 60 22.00 43.00 65.00 3180.00 53.00 4.40724  19.424
Post-test argumentation ability 60 15.00 80.00 95.00 5220.00 87.00 3.53194 12.475

Valid N (listwise) 60

Based on Table 8, the average pretest score is 53,
the average posttest score is 87, and the maximum
score is 100, so we get an N-gain value = 0.72 in the
high criteria.

Posttest scores — Pretest scores

N — Gain = = - =
Maximum score — Pretest scores
_ 87 — 53 — 072
©100-53

Based on data analysis of the assessment results
from learning material and technology experts, it was
concluded that the developed product was suitable for
use with revisions in accordance with the suggestions
and comments of validators from mathematics material
experts and learning technology experts. The results
show that digital devices can improve students’
mathematical argumentation skills. This shows that
digital technology not only facilitates students’ learning
but also enables them to develop important creative and
cognitive skills. The use of digital technology
stimulates students to creatively produce new
knowledge [23], while product development through
digital creativity can improve their creative abilities,
visual interactions, and cognitive abilities [24]. Digital
products play an important role as intermediaries in
online learning. This stimulates students to develop
new ideas and adapt to flexibility [25].

The n-Gain calculation result of 0.72 is in the high
category. This shows that the increase in students’
argumentation skills was high after learning using
digital devices. Electronic digital devices can inspire
students’ creativity and improve their ability to self-
regulate [26]. As stated in [25], digital products act as
effective mediators in online learning, triggering
students to develop new ideas, adapt flexibly, and
manage learning independently. Developing digital-
based learning products is a new and effective way to
attract students’ interest in learning so that their’
creativity in using these products can develop their
abilities [27].

Digital tools can enhance  mathematical
argumentation skills, because students can visualize
abstract concepts. These visualizations make
mathematical —arguments more  concrete  and
understandable, particularly in the context of proofs
and logical reasoning. Visualization can also strengthen
students’ critical thinking processes when constructing
and communicating their arguments. Digital tools
provide real-time feedback that can immediately
indicate the strengths or weaknesses of the student’s
argument. Students can make immediate improvements
based on this feedback, ultimately strengthening their

critical thinking skills. Additionally, analytical data
from digital tools help measure students’ progress in
effectively constructing arguments. Research by [28]
highlights the importance of technology in facilitating
more engaging and interactive mathematics learning,
where technology can transform how students interact
with mathematical concepts and arguments. Using
digital tools, students can explore various approaches
to constructing arguments or proofs, thereby enriching
their understanding of the concepts being studied.

Research by [29] focused on cooperative and
problem-based learning models, and these findings are
highly relevant to the use of digital tools to enhance
mathematical argumentation skills. Digital tools can
integrate the principles of cooperative and problem-
based learning in a more interactive, collaborative, and
adaptive manner. Thus, digital tools serve as a means
of enriching these learning approaches, providing
additional support for students to develop stronger
mathematical argumentation skills.

5. Conclusion

The findings of this study indicate that the digital
mathematical argumentation tool is valid, practical, and
effective in improving students’ mathematical
argumentation skills. This study contributes new
knowledge by introducing a tool based on Toulmin’s
argument model, which is rarely implemented in the
digital form for mathematics education. Previously,
some studies focused on developing general
mathematical skills or problem-solving abilities;
however, this research specifically measured and
evaluated mathematical argumentation, an important
cognitive aspect that is often overlooked in
mathematics education. This study provides a new
literature on the use of digital technology to support
argumentation-based learning. Teaching
mathematical argumentation has rarely used digital
tools, making this article a new contribution to
mathematics teaching methods.

The development of digital tools to enhance
mathematical argumentation skills has significant
implications for mathematics education in Indonesia,
particularly for improving learning quality, developing
critical thinking skills, and incorporating technology in
teaching. Lecturers now have a more effective tool for
teaching abstract and often difficult-to-understand
concepts of mathematical argumentation, providing a
more interactive approach than traditional teaching
methods.

Based on the results of this study, future research
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should test this tool at various educational levels, such
as secondary or elementary education, to assess its
effectiveness in improving mathematical argumentation
skills at different learning stages. Further development
of this tool may involve additional features, such as
collaborative tools that allow students to interact and
work together to construct mathematical arguments as
a team. This feature expands the potential use of the
tool in more dynamic and collaborative learning
environments.
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