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Abstract: This study examines the need for and effectiveness of technology-based worksheets in
improving students’ mathematical argumentation skills. The worksheets were developed based on
the Toulmin argumentation model, including mathematical problems, data, claims, warrants,
qualifiers, rebuttals, and backing to guide students in constructing logical mathematical argu-
ments. A pretest—posttest design with two unequal experimental groups was used. The population
consisted of 200 prospective mathematics teachers in East Java, Indonesia, and 80 students were
randomly selected and divided into two groups. Experimental Group 1 used digital-based work-
sheets, while Experimental Group 2 used printed worksheets. Data were collected through ques-
tionnaires and tests. Initial findings showed that although lecturers allowed students to express
opinions, debate, and challenge peers’ ideas, the worksheets commonly used did not promote
structured mathematical argumentation or integrate technology. Therefore, technology-based
worksheets were needed. The results showed that the average post-test score of the digital work-
sheet group (82.88) was significantly higher than that of the printed worksheet group (69.22).
Statistical testing (p < 0.05) confirmed a significant difference between the two groups. It can be
concluded that digital-based worksheets have a positive and significant effect on students’ mathe-
matical argumentation abilities.

Keywords: mathematical argumentation skills, printed worksheets, technology-based work-
sheets

INTRODUCTION

One challenge encountered when teaching mathematics at the university level is the insufficient
proficiency among students in constructing mathematical arguments, particularly when tackling
argumentation problems. Within the realm of mathematical argumentation, certain students occa-
sionally neglect to employ deductive reasoning (Inglis et al., 2007; Tristanti, 2019a; Tristanti et
al., 2016). However, deductive reasoning stands as the sole valid form of argumentation, as its
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premises derive from verified definitions, theorems, and/or facts (Harel, 2001; Lodder, 2004; Tall,
2004).

The inadequate proficiency of students in mathematical argumentation stems from their insuffi-
cient grasp of the significance of argumentation. Additionally, they lack proper training in execut-
ing effective arguments (Harel & Sowder, 1998). Enhancing their argumentation skills necessitates
a transition from non-deductive to deductive argumentation. Hence, it is crucial for the teaching
objectives to be clearly defined to progressively enhance students' competency in mathematical
argumentation, ultimately revealing formal evidence (Harel, 2001). Teachers should guide stu-
dents in constructing and evaluating mathematical arguments (Ball et al., 2008).

Consideration of the use of worksheets to improve mathematical argumentation skills is important.
This is in accordance with the suggestions given by Pruitt (2015) and NGSS (2013), which em-
phasize that the teacher's role is not only limited to guiding students in understanding concepts and
skills, but also facilitating students' abilities in conducting investigations, building models, argu-
ing, and achieving certainty in the context of science and mathematics. Learning approaches that
integrate collaborative components and software technology are seen as effective strategies for
improving students' argumentation skills (Fukawa-Connelly & Silverman, 2015). Kartika et al.
(2023) emphasize the importance of structured teaching activity design. Integrating technology
into worksheets can enhance interaction and collaboration, as well as help students better under-
stand and apply mathematical concepts.

One effort to optimize learning activities is to empower students through the use of worksheets
(Mutia & Prasetyo, 2018). Considering the teacher's role as a facilitator, worksheets enable stu-
dents to become more active in learning. Students can use worksheets as a guide in understanding
concepts and problem-solving, developing skills, and providing opportunities for students to
demonstrate their knowledge (Karsli & Sahin, 2009; Utami et al., 2016). The advancement of
technology today encourages researchers to utilize it in creating worksheets. In this study, work-
sheets are designed in such a way with the help of technology to enhance students' mathematical
argumentation abilities. One of the goals of combining worksheets with technology is to motivate
students in learning, as the appearance of the worksheets becomes more engaging and less monot-
onous.

Well-designed Student Worksheets (LKS) can promote active engagement and reflective thinking
in students during mathematics learning (Suryawati et al., 2020). Along with the increasing use of
technology in education, several studies have shown that integrating digital tools in LKS can enrich
the learning experience and facilitate the development of higher-order thinking skills, including
mathematical argumentation (Drijvers, 2013; Zbiek & Hollebrands, 2008). However, most of these
studies focus on the general effectiveness of technology without specifically developing or evalu-
ating teaching tools designed directly to build students' argumentation skills. Therefore, this study
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aims to describe the needs and outcomes of implementing technology-based worksheets specifi-
cally designed to improve students' mathematical argumentation skills as a contribution to the de-
velopment of evidence-based learning design

The components in the technology-based worksheet refer to the Toulmin scheme. The Toulmin
scheme is an argumentation model developed by philosopher Stephen Toulmin to analyze and
describe the structure of arguments in detail (Toulmin, 2003). This scheme consists of six main
components consisting of data, claim, warrant, backing, disclaimer and qualifier. Data is evidence
or reasons that support a claim. Data provides the factual basis for claims. A claim is a statement
that you want to prove or support in an argument. This is the main conclusion drawn from the
argument. Warrants are a logical bridge that connects data with claims. The Warrant explains why
the data is relevant to support the claim. Backing is additional support that strengthens the warrant.
Backing provides further justification and is often based on deeper principles or data. A disclaimer
is an acknowledgment of a potential objection or condition that could weaken a claim. Rebuttals
help make arguments more realistic and credible by considering exceptions. Qualifiers are words
or phrases that indicate the extent to which a claim applies or introduces uncertainty. Qualifiers
help set claim limits.

Previous studies have shown that technology integration in mathematics education can enhance
students' engagement, conceptual understanding, and higher-order thinking skills (Drijvers et al.,
2010; Zbiek et al., 2007). Specifically, digital tools such as dynamic geometry software, online
collaborative platforms, and interactive simulations have been found to support the development
of mathematical reasoning and discourse (Hoyles & Noss, 2016; Kieran et al., 2015). However,
much of the existing literature focuses on general reasoning skills or problem-solving abilities,
with limited emphasis on structured mathematical argumentation as a distinct competency.
Tristanti & Nusantara (2021), Tristanti et al. (2024), and Tristanti & Nusantara (2023) have ex-
plored students’ mathematical argumentation from both content-based and semiotic perspectives,
identifying challenges and variations in students’ abilities to construct valid arguments across dif-
ferent topics and learning models. Nevertheless, their studies primarily focus on face-to-face in-
struction and do not address the integration of digital tools in facilitating argumentation. Further-
more, while some research has explored the use of digital worksheets or scaffolding tasks (e.g.,
Niess et al., 2013), these often emphasize content transmission rather than engaging students in
constructing and critiquing mathematical arguments. In contrast, this study offers a more targeted
approach by designing technology-based worksheets explicitly aimed at promoting students' abil-
ity to construct logical, evidence-based arguments in mathematics. By aligning the worksheet de-
sign with Toulmin’s model of argumentation and integrating interactive features that prompt jus-
tification and reflection, this study addresses a gap in the literature and contributes a novel instruc-
tional tool that blends pedagogical theory with practical classroom technology.
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Research related to learning to develop mathematical argumentation skills includes applying the
infusion learning model (L. B. Tristanti & Nusantara, 2021), applying PBL and CIRC (L. B.
Tristanti & Nusantara, 2022a), developing student argumentation through small group collabora-
tion using the dynamic geometry software (DGS) software environment (Fukawa-Connelly &
Silverman, 2015), and developing a web-based multimedia whiteboard system to assist students
in learning mathematical problem solving where students are asked to criticize solutions and reply
to other people's arguments (Hwang et al., 2006). It appears that no previous research has used
technology-based worksheets to develop students' mathematical argumentation abilities. There-
fore, this research was carried out with the aim of:

A. Describing the need for technology-based worksheets to develop students' mathematical
argumentation abilities.

B. Describing the results of applying technology-based worksheets to develop students' math-
ematical argumentation abilities

LITERATURE REVIEW
Mathematical Arguments Worksheet

Worksheets or student worksheets are defined as sheets containing guidance for students to per-
form tasks or activities related to learning (Yaden, 2017). Worksheets can help improve students'
understanding of subject matter, enhance learning motivation, support active student engagement
in the learning process, assist students in organizing information, and enhance critical thinking
skills (Basuki & Wijaya, 2018; Kaymakei, 2012). According to Abd-El Khalick et al. (2010) and
Susantini et al. (2016), worksheets are part of teaching materials that can be used to develop stu-
dents' thinking skills, pose and answer questions, make connections between concepts, and assess
students' learning progress.

The application of worksheets in mathematics education has a positive impact on students' learning
outcomes (Nurhidayah et al., 2020). Worksheets help improve conceptual understanding, critical
thinking skills, and students' ability to solve mathematical problems (Novitasari et al., 2022).
Therefore, it is recommended that teachers use worksheets as part of their mathematics teaching
strategies to enhance students' learning outcomes
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Figure 1. Mathematical Argument Worksheet Framework

Mathematical Argument Worksheet is a worksheet used to help students develop and organize
mathematical arguments systematically and logically. This worksheet contains a series of tasks or
questions designed to lead students through the process of critical thinking and mathematical prob-
lem solving, with a focus on forming valid and coherent arguments. The components in the
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mathematical argumentation worksheet refer to the components of Toulmin's argument scheme
(Toulmin, 2003), which include:

(1) Mathematical problem or statement, which presents a mathematical problem to be solved
or a question to be answered.

(2) Data, which requires students to provide a factual basis for proving claims.

(3) Claim, which requires students to convey the statement they want to prove or support in an
argument.

(4) Warrants, which require students to create a logical bridge/completion steps that connect
the data with the claim, and explain why the data is relevant to support the claim.

(5) Backing, which requires students to provide additional support that strengthens the war-
rant.

(6) Rebuttal, which requires students to consider exceptions makes the argument more realistic
and credible.

(7) Qualifiers, which require students to express words or phrases that indicate the extent to
which a claim applies or introduces uncertainty.

(8) Description of mathematical argumentation abilities, in which the lecturer conveys mathe-
matical argumentation skills based on filling in data, claims, warrants, qualifiers, rebuttals
and backing in student worksheets.

Figure 1 shows the framework of the Mathematical Argument Worksheet. In this research, math-
ematical argument worksheets are packaged in digital-based worksheets and printable worksheets.
Digital-based worksheets can be accessed via a link https://argumen.oldmapps.com/.

Mathematical Argumentation SKkills

Mathematical argumentation is defined as a process that involves making claims, using evidence
to support those claims, and presenting and evaluating arguments in a mathematical context
(Wells, 2014). Mathematical argumentation ability refers to a person's ability to use logic and
mathematical evidence in explaining, defending, and convincing others about the truth of a math-
ematical statement or concept (Tristanti & Nusantara, 2022b). Mastering mathematical argumen-
tation is a valuable skill in mathematics education, which not only enhances academic understand-
ing but also prepares students for challenges beyond the academic environment (Sriraman &
Umland, 2020). Table 1 describes the elements of student competence in mathematical argumen-
tation.
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Component Indicators

Data The data used must be correct and in accordance with the facts.

Data must be directly related to the claim being made.

All data necessary to support the claim must be included.

Data comes from reliable and valid sources.

Data is presented clearly and easy to understand.

The data logically supports the claims made without any contradiction.

Claim Claims are stated clearly and unambiguously.

Claims must be specific and focused on the topic discussed.

Claims can be proven or supported with strong evidence and reasons.
Claims are relevant to the context of the argument and discussion topic.
Claims are directly related to the data and evidence presented

Claims are based on logical and rational thinking.

el AN et il PR ol o

Warrants Warrant shows reasons or principles that make a reasonable connection between data

and claims

2. The explanation in the warrant must be acceptable to the audience and based on logic
or strong evidence

3. There is a specific explanation of the data that supports the claim, not just an as-
sumption.

4. Warrants are based on general principles, theories, or verifiable evidence

[um—

Backing Quote axioms, postulates, definitions, theorems, propositions, lemmas, correlations
and conjectures from credible sources to strengthen the validity of the warrant
Include widely accepted theories or principles to strengthen the basis of the warrant.

Provide concrete examples or illustrations that support the warrant.

Rebuttal Indicates certain conditions where the claim is not valid or lacks strength

Present data or evidence to weaken the claim

S Bl

Qualifiers

nn

Using words such as "probably true", "obviously true", "could be", "likely" or other words
to express the level of truth of the claim

Table 1. Competence In Mathematical Argumentation

METHOD
Research Design

This study utilized a quantitative experimental method to determine the impact of learning with
technology-based worksheets on students' mathematical argumentation skills. The research em-
ployed a pretest-posttest, nonequivalent multiple group design. The research design of this study
is illustrated in Figure 2.
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Group Beginning Treatment End
Experment 1 Y, Ta Y,
Experiment 2 Y1 Ty Y,

Figure 2. Research Design

Y1 is the pretest of students' mathematical argumentation skills, Ta is the treatment with digital-
based worksheets, Tb is the treatment with printable worksheets, Y2 is the post-test of students'
mathematical argumentation skills.

The treatment is considered to have a significant effect on students' mathematical argumentation
skills if a significant difference in mathematical argumentation skills is found between experi-
mental group 1 and experimental group 2. The learning process with digital-based worksheets was
conducted for experimental group 1 over three sessions, with the post-test administered in the
fourth session. Each session lasted 100 minutes. For experimental group 2, students received the
same material as experimental group 1. However, they did not use digital-based worksheets as
their treatment; instead, they used printable worksheets. Both groups were then given the same
validated post-test, which was a mathematical argumentation test.

Population and Sample

The population of this study consisted of 200 prospective math teacher students at a tertiary insti-
tution in East Java, Indonesia, all approximately 20 years old. The sample for this study included
80 prospective math teacher students, divided into an experimental group 1 (40 students) and an
experimental group 2 (40 students). The experimental group 1 comprised 15 males and 25 females,
while the experimental group 2 comprised 16 males and 24 females.. This selection was based on
preliminary test results provided to all classes, ensuring that both groups had equivalent initial
abilities. This is also supported by the results of interviews with teachers in both groups, which
indicated that both groups have equal mathematical ability and activity (homogeneous). In terms
of gender, both groups have a comparable number of male students, with 15 male students in
Experiment group 1 and 16 male students in Experiment group 2. Both groups also have a compa-
rable number of female students, with 25 female students in Experiment group 1 and 24 female
students in Experiment group 2. This indicates that the researcher implemented strict control over
external variables that could affect the study's results.

Worksheet Design

In this study, the worksheets used consist of two formats: digital format and printed format. The
digital format worksheets are designed using interactive learning software that allows students to
interact directly with the content. This format includes multimedia elements, such as explanatory
videos, interactive images, and quizzes that can be completed online. Meanwhile, the printed
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worksheets are the physical version of the same material, which includes text, static images, and
clear instructions for students to complete on paper.

The content of both formats is identical in terms of topics and learning objectives. Each worksheet
is designed to cover the same concepts and achieve the desired learning outcomes. However, the
digital format allows for a more dynamic and engaging presentation of content. Several adaptations
are made to ensure that the digital worksheets are more effective and interactive. These include:
the addition of interactive elements, such as quizzes and tasks that can be completed online; the
integration of multimedia, such as videos or animations, that support concept understanding; and
adjustments to instructions to ensure that students understand how to use the interactive features
available in the digital format. Figure 3 illustrates a task used in the worksheet for spatial geometry
content.

Task 1 Information:
The following image represents a pyramid with its top cut off
P,
Q
)
Al
B C

Introductory Questions:
1. Identify the characteristics of image!
2. Name and define the image according to the characteristics you have de-
scribed!
Problem 1:
Prove that the bases of a frustum of a pyramid are similar!
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Task 2 T

Prove that Vi, stum = é t (A + B+ \/AB).

Here ¢ is the height of the frustum, A4 is the area of the base of the frustum, and B is
the area of the top of the frustum!
Figure 3. Argumentation Ability Task

The spatial geometry task have the potential to be used in learning that develops students' mathe-
matical argumentation skills, as these tasks require students to prove a formula or theorem, which
involves logical reasoning steps and mathematical argumentation.

The spatial geometry task is important in students' learning as it involves fundamental geometric
concepts, such as volume and surface area, which are essential for understanding three-dimen-
sional structures. Proving the volume formula of a frustum deepens students' understanding of
spatial geometry, which is a crucial foundation in advanced mathematics. Furthermore, the proof
process enhances students' skills in deductive reasoning and formal logic, which are essential abil-
ities for higher-level mathematics learning.

This task also challenges students to think about the relationships between various geometric ele-
ments, helping them develop analytical and problem-solving skills. The task supports creative
mathematical thinking by asking students not only to understand the formula but also to prove and
explain its origins. Creativity emerges when students seek different ways to approach the proof,
such as using visual methods, algebra, or a combination of both. Creative thinking can be expected
when students try to connect this task with the concept of the volume of a pyramid or use substi-
tution techniques from simpler problems. Creativity may also arise in how students organize their
arguments or create illustrations that aid in the proof. Thus, this task provides space for exploration
and the discovery of new solutions, supporting the development of creative thinking skills in math-
ematics.
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The tasks designed in the worksheets were implemented through small-group learning activities
consisting of 3-4 students per group. Students were asked to collaboratively discuss and solve the
problems, particularly those that required constructing mathematical arguments. The teacher acted
as a facilitator, monitoring group discussions, providing limited guidance when necessary, and
occasionally posing prompting questions to encourage the development of arguments. After work-
ing in groups, selected students were invited to present their group’s solutions to the class. This
was followed by whole class discussions involving responses from both peers and the teacher,
thereby fostering a learning environment that supports idea exchange and the strengthening of
mathematical argumentation.

Instrument

This instrument consists of a questionnaire and a test. Two types of questionnaires were used: the
digital worksheet needs questionnaire and the digital worksheet assessment questionnaire. The
digital worksheet needs questionnaire was filled out by students before they participated in learn-
ing using the digital worksheet. The digital worksheet assessment questionnaire was filled out by
students after they participated in learning using the digital worksheet. Both questionnaires were
provided on Google Forms. The assessment results from the respondents were analyzed by calcu-
lating the average score obtained for each component of the digital worksheet design, then con-
verted into qualitative statements according to Table 2.

Score Interval | Decision

4.20 - 5.00 Digital worksheet design is very appropriate
3.40-4.19 Digital worksheet design is appropriate

2.60 - 3.39 Digital worksheet design is somewhat appropriate
1.80 - 2.59 Digital worksheet design is inappropriate

1.00 - 1.79 Digital worksheet design is very inappropriate

Table 2. Score Conversion

This test was a mathematical argumentation test used to collect data about students' mathematical
argumentation skills. The data on students’ mathematical argumentation competence were ana-
lyzed quantitatively by assigning scores to each of the elements. The scoring guidelines were de-
fined as follows: a score of 2 was assigned if students correctly identified the elements, a score of
1 if students incorrectly identified the elements, and a score of 0 if students did not identify any
elements.
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MATHEMATICAL ARGUMENTATION TEST
Instructions:

a. Fill in your Name, Class, and Phone Number in the provided columns!
b. Read the instructions carefully first!

c. Show all your ideas and solutions!

d. If there are any incorrect answers, cross them out without erasing!

1. Investigate the truth of this statement!

In every simple triangular pyramid, the area of the top face and the base area of the pyra-
mid are proportional to the square of the height of the upper pyramid with the height of
the original pyramid.

2.

Based on the answer to question 1, create a mathematical argumentation scheme!

Figure 4. Mathematical Argumentation Test

The test was in a descriptive format and included two evidentiary problems. Before administering
it to the students, the test was validated by experts, specifically two mathematics education spe-
cialists and one mathematician. The purpose of this validation was to ensure the test met content
and construct validation criteria. These criteria were assessed in three components: the appropri-
ateness of the material content, the construction of the material, and the language suitability. If

there were any revisions,

the instrument was revised according to the suggestions provided by the

validators. Once the validators declared the instrument fit for use, it was administered to the stu-
dents to assess their mathematical argumentation skills. Figure 4 below is a mathematical argu-

mentation test.

Essentially, both groups received the same learning process, including the teaching strategies, the
teacher, the material taught, the content of the worksheets, and the duration of the learning time.
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The only difference lies in the type of worksheet used. Experiment group 1 utilized digital-based
worksheets, while Experiment group 2 used printable worksheets.

Research Hypothesis

The treatment is considered to have a significant effect on students' mathematical argumentation
skills if a significant difference in mathematical argumentation skills is found between experi-
mental group 1 and experimental group 2. The research hypotheses are as follows:

Ho: There is no difference in mathematical argumentation skills between experimental group 1
and experimental group 2.

Hi: There is a difference in mathematical argumentation skills between experimental group 1
and experimental group 2.

Analysis of Data

The research data, comprising the post-test scores of students, underwent statistical analysis. A t-
test was conducted to assess the significance of the treatment, specifically the impact of learning
with digital-based worksheets. The treatment is deemed significant if there is a notable difference
in post-test scores between experimental group 1 and experimental group 2.

The criterion for supporting Ho states, "Ho is supported if the Sig. value > 0.05," indicating no
significant difference exists in post-test scores between experimental group 1 and experimental
group 2. Absence of a significant difference suggests the treatment lacks a substantial effect on the
experimental group. Here, the treatment involves implementing

Before conducting the t-test analysis, it is necessary to perform tests for normality and homogene-
ity. The normality test assesses whether the data distribution follows a normal distribution, where
a distribution is considered normal if the asymptotic significance value is > 0.05. The homogeneity
test examines the similarity between the experimental-1 and experimental-2 groups, specifically
comparing their variances. Comparison between the groups is valid only if their variances are
similar. Homogeneity is confirmed if the Sig. value > 0.05, indicating no significant difference in
variance at the 5% significance level.

When the data is not normally distributed or when the assumption of homogeneity of variances is
not met, the data is analyzed using the Mann-Whitney test. The results of the Mann-Whitney test
are confirmed with the statistical significance value from the Z test in the Mann-Whitney test.

RESULTS
Preliminary research results

The preliminary research results were based on the analysis of the digital worksheet needs, filled
out by students through Google Forms as shown in Table 3.
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No Statement Percentage
1 | Lecturers use worksheets in learning 20
2 | The worksheets used by lecturers are fun and make students actively learn 80
3 | Lecturers use worksheets that are appropriate to the learning material 90
4 | The worksheet encourages students to construct mathematical arguments 15
based on the Toulmin scheme
5 | Lecturers utilize technology in using worksheets 10
6 | Lecturers use worksheets to introduce technology 10
7 | Lecturers use worksheets to guide students to develop mathematical argu- 45
mentation skills
8 | Lecturers use worksheets to allow students to evaluate observations 85
9 | Lecturers use worksheets to enable students to create problem models and 85
predictions
10 | Lecturers use worksheets to make it easier for students to design steps to 60
compose mathematical arguments
11 | Lecturers use worksheets to facilitate students in finding answers 95
12 | Teachers use worksheets to integrate technology and mathematics in the 45
learning process, making it easier for students to understand concepts
13 | The lecturer gives students the opportunity to refute their friends' statements 100
14 | Lecturers provide opportunities for students to express their opinions 100
15 | Lecturers give students the opportunity to debate with their friends 100

Table 3. Needs Analysis Results for Digital Worksheets

Based on Table 3, four important points are evident. First, not all lecturers use worksheets. This is
in line with statement 1, which indicates that only 20% of lecturers use worksheets in their teach-
ing. Second, the worksheets used by the lecturers are enjoyable and encourage active learning
among students, are aligned with the learning materials, enable students to evaluate observations,
help students create problem models and predictions, facilitate students in designing steps to con-
struct mathematical arguments, and assist students in finding answers. Third, lecturers provide
opportunities for students to challenge their peers' statements, express opinions, and engage in
debates with their peers. Fourth, the worksheets used by lecturers have not yet encouraged students
to construct mathematical arguments based on the Toulmin model, have not utilized technology in
the use of worksheets, and have not guided students in developing their mathematical argumenta-
tion skills. As a result, students' ability to provide answers and reasons for solving problems re-
mains weak. This is also supported by research from Tristanti Nusantara (insert citation year),
which indicates that, overall, the argumentation skills demonstrated by students, particularly in
refutation skills, are still in the poor category.
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Many students have not yet mastered the mathematical concepts they are studying. A strong grasp
of these concepts is essential for making counterarguments, as it allows students to provide alter-
native answers (Dinantika et al., 2020). Tristanti (2019) indicates that students tend to focus on
empowering claims without utilizing all elements of argumentation skills. This leads to a weak
understanding of the concepts of floating and submerged materials. Ideally, a comprehensive em-
powerment of argumentation skills would enhance students' conceptual understanding. The find-
ings of this research serve as a reference for making improvements in future studies to achieve
positive changes by empowering argumentation skills, thereby directly enhancing students' con-
ceptual understanding. Therefore, technology-based worksheets are needed to develop students'
mathematical argumentation skills.

The design of the worksheets refers to the components of the Toulmin model. The worksheets are
available in both digital and printable formats. The structure and components of the digital and
printable worksheets are the same; the difference lies in their usage. Digital worksheets are used
on electronic devices such as computers or smartphones. Users can fill out and save their answers
directly on the device, and the worksheets can be used for online learning. Printable worksheets,
on the other hand, are printed on paper and used manually, requiring writing tools to complete
them.

Mathematical Argumentation Ability Results

After the mathematics lessons using worksheets, students in experiment group 1 and experiment
group 2 were given a posttest to measure their achievement in mathematical argumentation ability.
The posttest data were analyzed for normality, homogeneity, and t-tests. The following are the
results of the normality test, homogeneity test, and t-test on the students' mathematical argumen-
tation ability data.

Test of Normality

Based on the data processing results of the posttest scores for experiment group 1 and experiment
group 2, with the number of participants being n,; = 40, n, = 40 respectively, the mean scores
obtained were a Xx; =82.8750,x, =69.2188, with standard deviations of s; =
10.10828, s, = 8.66485. To determine the effect of digital worksheets on students' mathemati-
cal argumentation abilities, several statistical tests need to be performed. First, a normality test was
conducted using SPSS software, which produced the Shapiro-Wilk normality test output for the
posttest scores, as shown in Table 4 below.

Group n | Mean | Std. Deviation Shaplm-‘t?]cllk Statis- Shapiro-Wilk Sig.
Experiment-1 | 40 | 82.8750 10.10828 0.945 0.069
Experiment-2 | 40 | 69.2188 8.66485 0.927 0.031
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Table 4. Shapiro-Wilk Normality Test Output For The Posttest Scores

The results indicate that the posttest scores for both experiment groups were tested for normality
using the Shapiro-Wilk test. For experiment group 1, the Shapiro-Wilk statistic is 0.945 with a
significance value of 0.069, indicating that the data is normally distributed. For experiment group
2, the Shapiro-Wilk statistic is 0.927 with a significance value of 0.031, indicating that the data is
not normally distributed.

Homogeneity of Variance Test

Since the posttest scores for one of the groups are not normally distributed, the next step is to
perform a homogeneity of variance test using Levene's test for the posttest scores. Table 5 below
shows the results of Levene's test for the homogeneity of variance for the posttest scores.

Levene Statistic dfl df2 Sig.
2.135 1 78 0.148
Table 5. Results of Levene's Homogeneity of Variance Test for Posttest Scores

The results of Levene's test indicate that the significance value (Sig.) is 0.148. Since this value is
greater than 0.05, it suggests that the variances of the posttest scores for both groups are homoge-
neous, meaning there is no significant difference in the variances of the two groups. Given these
results, further analysis can be conducted using appropriate statistical methods that do not assume
normal distribution, such as the Mann-Whitney U test, to compare the posttest scores of the two
groups.

In the experiment-1 group, the posttest scores do not follow a normal distribution. Therefore, the
Mann-Whitney test was used to compare the means of the experiment-1 and experiment-2 groups.
The results of the data analysis using SPSS software, including the R1 and R» values, are presented
in Table 6 below.

Group N | Mean Rank | Sum of Ranks
Posttest Value | Exprerimental 1 | 40 43.89 1404.50
Exprerimental 2 | 40 21.11 675.50
Total 80

Table 6. R; dan R, Values from the Mann-Whitney U Test

Based on the data analysis results in Table 6, the values obtained are R = 1404.50 and R, = 675.50.
The Experimental-1 group has a higher posttest score based on the average rank (43.89) compared
to the Experimental-2 group (21.11). This may indicate that the Experimental-1 group tends to
perform better in the posttest compared to the Experimental-2 group; however, this result is con-
firmed by examining the statistical significance value from the Mann-Whitney test. The next step
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involves using SPSS software to perform the Mann-Whitney-Wilcoxon test, as shown in Table 7
below.

Posttest Value
Mann-Whitney-Wilcoxon 147.500
Wilcoxon W 675.500
Z 4.902
Asymp. Sig. (2-tailed) 0.000

Table 7. Mann-Whitney-Wilcoxon Test

Based on the output in Table 7, the calculated Z value is 147.500 and the significance (Sig) value
is 0.000. Since Sig < 0.05, the null hypothesis (Ho) stating p1 = 2 is rejected. It can be concluded
that the average post-test scores for the experiment-1 and experiment-2 groups are not the same.
Therefore, it can be concluded that there is an effect of using digital worksheet-assisted mathemat-
ics learning on students' mathematical argumentation skills

Digital Worksheet Design Assessment Results

The assessment of the digital worksheet design was conducted to evaluate the suitability of the
digital worksheet and the design of learning activities aimed at developing students' argumentation
skills. This assessment process ensures that the digital worksheet is appropriate and effective for
use in learning activities designed to enhance students' argumentation abilities. The results of the
digital worksheet design assessment are presented in Table 8.

Based on the assessment results in Table 8, all evaluated components received scores ranging from
4.20 to 5.00. According to Table 2, the digital worksheet design is deemed very appropriate and
can be used to develop students' mathematical argumentation skills. Figure 5 represents the results
of students' mathematical arguments through digital worksheets.
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No | Digital-based worksheet design Score
1 Suitability of digital-based worksheets

a. Suitability of activities on digital-based worksheets with Toulmin scheme compo- | 4.30
nents

b. Images, writing, symbols and animations presented are appropriate to the context of | 4.45
the material

2 Learning Activities

a. Through digital-based experimental activities and worksheets, students are able to 4.60
train in collecting and presenting data correctly and in accordance with the facts

b. Activities on digital-based worksheets can train students in making claims that are 4.65
relevant to the context of arguments and discussion topics

c. Activities on digital-based worksheets can train students in making warrants that 4.50
show reasons or principles that connect data and claims in a reasonable way

d. Activities on digital-based worksheets can train students in citing axioms, postu- 4.40
lates, definitions, theorems, postulates, lemmas, correlations and conjectures from
credible sources as backing to strengthen the validity of the warrant.

e. Activities on digital-based worksheets can train students to indicate certain condi- 4.30
tions where a claim does not apply or is not strong enough

f. Activities on digital-based worksheets can train students to use words such as 4.50
"probably true", "obviously true", "could be", "possible" or other words to express
the level of truth of a claim.

g. Activities on digital-based worksheets can educate students' skills in expressing ob- | 4.35

Table 8. Digital Worksheet Design Assessment Results
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Kekuatan Penyelesaian
Jawaban ini kuat karena didukung oleh dasar teori yang jelas (kesebangunan,

rumus volume limas), pemanfaatan metode geometris yang benar (pengurangan volume),

dan penyederhanaan yang logis. Penjelasan ini terstruktur dengan baik dan benar

Sanggahan
Limas dengan alas yang lebih kompleks (misalnya, poligon tidak beraturan

atau permukaan yang melengkung), pendekatan ini memerlukan penyesuaian.

(b)
Figure 5. The results of students' mathematical arguments through digital worksheets

Figure 6 represents the results of students' mathematical arguments through printable work-

sheets.
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Figure 6. The results of Students' Mathematical Arguments through Printable Worksheets

Based on the results of stude

nts' answers in Figures 5 and 6, it appears that students fill in all

argument components on digital worksheets. However, students do not fill in all argument
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components on Printable Worksheets, where students do not fill in all the reasons and theoretical
bases used when compiling mathematical arguments as in Figure 6.

During the lesson on the volume of a frustum of a cone, formulated by the equation Vgrystum =
g t (A + B+ \/AB), students showed various responses to the tasks in the digital worksheets.

Some students actively discussed in their groups to construct logical arguments, linking the frus-
tum's height ¢z, the areas of the large base 4, the small base B, and the square root of the product of

both base areas VAB. Meanwhile, other students required prompting from the teacher to clarify the
relationship between the elements of the formula and how to apply them in calculating the volume
of the frustum of a cone. For example, in one task, there was a group that initially presented an
argument based on simple geometric calculations, such as estimating the volume without consid-
ering the deeper relationship between the base areas and the height of the frustum. After receiving
a prompting question from the teacher, such as “How do you relate the values of 4 and B with the
frustum's height 7 in the volume formula?”, the group began to develop a deeper understanding
and referred to basic concepts of geometry and calculus to ensure that the formula Vgrystum =

% t (A + B+ AB) could be applied correctly. The teacher provided selective feedback to main-

tain students' independent thinking, such as suggesting they review their calculations or compare
arguments between groups regarding the appropriate way to calculate the base areas and height.
During the class discussion, students commented on each other’s group presentations, both in the
form of agreement and rebuttal, supported by mathematical reasoning. This not only strengthened
their understanding of the frustum volume formula but also created opportunities for deeper de-
velopment of mathematical argumentation. Thus, the use of digital worksheets in this learning
process not only promotes individual cognitive activity but also enhances social interactions that
support the development of mathematical thinking in an authentic learning context. Students are
not only learning how to calculate volume but also developing the ability to argue and discuss
mathematical concepts more critically and in greater depth.

DISCUSSION

The findings of this study indicate that mathematics learning assisted by digital worksheets has a
positive impact on students' mathematical argumentation skills. This is consistent with previous
research that emphasizes digital-based learning to enhance cognitive abilities and academic per-
formance (Shapiro, 2006). Engaging students in activities that integrate authentic projects and
online learning can promote active learning, critical thinking, and collaborative problem-solving,
which are essential skills for success in the 21st-century workforce (Hasnunidah et al., 2023).
Learning models that implement argumentation have a significant impact on improving students'
argumentation abilities (Nussbaum, 2008). Additionally, the use of e-worksheets makes learning
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more engaging and encourages students to be more active during the learning process (Kanselaar
et al., 2002)

The mathematical argumentation skills of students in the experiment-1 group show a higher aver-
age compared to the experiment-2 group (mean scores of x; = 82.8750, X, = 69.2188, respec-
tively). This indicates that students in the experiment-1 group find the interactive electronic work-
sheets more engaging and easier to understand. With electronic-based worksheets, students not
only learn theory but also develop relevant practical skills (Hafsah et al., 2024). Creating clear,
accurate, and simple teaching materials to ensure student comprehension is crucial, and this is a
primary need in the development of e-worksheets (Prastowo, 2019; Sadjati, 2012). The use of e-
worksheets facilitates teachers in presenting teaching materials and assignments, and it allows stu-
dents to complete tasks online anytime and anywhere, significantly impacting students' cognitive
learning outcomes (Kim & Hannafin, 2011; Mispa et al., 2022).

The results of this study indicate that digital-based worksheet-assisted mathematics learning has
an effect on students' mathematical argumentation skills. Therefore, teachers must adapt to digital
tools for teaching, communication, evaluation, and problem-solving in the context of education.
Joshi et al. (2021) suggest that teachers should possess digital pedagogy skills. In the era of digi-
talization, these digital pedagogy skills help teachers maximize the use of technology to support
the teaching and learning process. Nursyahidah and Albab (2021) also argue that mathematics
teachers can integrate cultural contexts into mathematics learning and enhance students' under-
standing of mathematical concepts through the use of educational technology to make learning
more effective. Overall, this research highlights the importance of integrating digital tools into
mathematics learning to enhance students' mathematical argumentation skills. With appropriate
adaptation to technology, teachers can not only enrich students' learning experiences but also cre-
ate a more inclusive and responsive learning environment that meets students' needs in this digital
era

Conversely, the limitation of the experiment-2 group, which uses printable worksheets for mathe-
matics learning, lies in the static and non-interactive nature of printable worksheets. This restricts
students' ability to interact dynamically with the material, thereby limiting their mathematical ar-
gumentation skills. Students learn more effectively when they can interact with the material
through various forms of representation and manipulation (Van de Walle et al., 2003). Printable
worksheets cannot provide immediate feedback to students, whereas Hattie & Timperley (2007)
emphasize the importance of immediate feedback for improving students' understanding and skills.
According to Prabjandee (2023), one of the main weaknesses of printable worksheets is the lack
of interactivity, which can lead to students losing motivation and engagement in the learning pro-
cess.

In the use of digital tools for learning, there are several potential biases that need to be considered,
such as accessibility issues and varying levels of digital literacy. Not all students have equal access
to digital devices and internet connections. Students from economically disadvantaged
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backgrounds struggle to access the digital tools and resources needed, which can result in inequal-
ity in learning experiences. Additionally, students with special needs face challenges in using dig-
ital tools if they are not designed with accessibility in mind, such as the lack of support for assistive
devices.

Students also have varying levels of digital literacy. Some students are very proficient in using
digital tools, while others struggle and lack confidence in utilizing the technology. This can affect
how they interact with learning materials and contribute to group activities. Variations in digital
literacy can also impact students' ability to search for, evaluate, and use information obtained
online, which is important in the learning context.

Research findings indicate that mathematics learning supported by digital worksheets (LKS digi-
tal) has a positive impact on students' mathematical argumentation skills. This result aligns with
Piaget's constructivist theory, which emphasizes the importance of active student engagement in
constructing knowledge through meaningful learning experiences (Piaget, 1970). Digital work-
sheets enable students to explore mathematical concepts interactively and provide them with op-
portunities to reflect on and independently develop logical arguments.

Furthermore, these findings are consistent with Vygotsky's theory of the zone of proximal devel-
opment (ZPD), in which social interaction through discussion and collaboration can foster the de-
velopment of higher-order thinking skills, including argumentation (Vygotsky, 1978). In the con-
text of digital worksheets, students can work in groups or pairs to solve problems, explain their
reasoning for choosing certain strategies, and critique each other’s arguments processes that sup-
port the development of strong mathematical argumentation.

The instructional implication of these findings is the crucial role of teachers in designing digital
worksheets that not only present practice problems but also facilitate open-ended questions, prob-
lem-solving scenarios, and tasks that encourage students to express reasoning, provide justifica-
tion, and defend their opinions logically. This is supported by findings from (Tristanti et al., 2024),
which demonstrate that digital tools based on problem-solving tasks can significantly enhance stu-
dents’ mathematical communication and argumentation skills. Thus, digital worksheets have the
potential to serve as strategic tools in creating a mathematics learning environment that is more
reflective, interactive, and conceptually grounded, rather than merely procedural.

The worksheets used in this study were designed to develop students' mathematical argumentation
skills in the topic of frustum volume. However, these worksheets can also be applied to other
mathematical topics for the same purpose. The components within these worksheets are general
and flexible, making them easily adaptable by other educators or researchers for different topics
or teaching contexts. Therefore, although this study focuses on a specific topic, its findings can
contribute to the broader development of mathematics education.
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CONCLUSIONS

The research results show that not all lecturers use worksheets in their teaching. However, during
the learning process, lecturers always provide opportunities for students to challenge their peers'
statements, express opinions, and engage in debates. When lecturers do use worksheets, these
worksheets do not encourage students to construct mathematical arguments based on Toulmin's
schema, do not leverage technology, and do not guide students in developing their mathematical
argumentation skills. Therefore, technology-based worksheets are needed to enhance students'
mathematical argumentation skills, adhering to Toulmin's schema.

The average post-test score for the experiment-1 group is 82.8750, while for the experiment-2
group it is 69.2188. With a calculated Z value of 147.500 and a significance (Sig) value of 0.000,
which is less than 0.05, the null hypothesis (Ho) stating that the means of the two groups are equal
(1 = o) is rejected. Thus, it can be concluded that mathematics learning using digital worksheets
has a positive effect on students' mathematical argumentation skills.

The assessment of the digital worksheet design was conducted to evaluate its suitability and the
effectiveness of the learning activity design in developing students' argumentation skills. This as-
sessment aims to ensure that the digital worksheets are indeed appropriate and effective for use in
learning aimed at enhancing students' argumentation skills. The assessment results show that all
evaluated components received scores ranging from 4.20 to 5.00. In other words, the digital work-
sheet design is deemed very appropriate and effective for developing students' mathematical argu-
mentation skills.

Although the findings of this study indicate an improvement in students' mathematical argumen-
tation skills through the use of digital worksheets, we acknowledge several limitations that warrant
consideration. First, the successful implementation of this approach largely depends on adequate
access to technology and students’ levels of digital literacy, which may vary across educational
institutions. Second, it is possible that part of the observed improvement in student performance
was influenced by the novelty effect of the digital format, suggesting the need for long-term in-
vestigation to assess the consistency of outcomes. Therefore, further research is recommended to
explore the long-term impact and effectiveness of this approach across diverse contexts with var-
ying levels of technological access and digital readiness.
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