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 This study aims to develop and examine the feasibility, 
readability, and effectiveness of mathematics learning using a 
Scratch-assisted Problem Based Learning (PBL) model to 
improve students' mathematical representation abilities on 
Quadratic Equations. Using the Research and Development 
(R&D) method with the ADDIE design, this study involved tenth-
grade students in Central Java through a Pretest-Posttest 
Control Group Design. Data were collected via tests, validation 
sheets, and questionnaires. Results showed the product was 
highly feasible (88.71%) and had excellent readability (86.47%). 
The learning was highly effective; the experimental class's 
posttest average (84.72) exceeded the minimum criteria, 
achieved 91.67% classical completeness, and obtained a 
significantly higher N-Gain (0.73) than the control group. 
Students gave a highly positive response (88.61%). In 
conclusion, the integration of the PBL model, digital student 
worksheets (LKPD), and Scratch effectively serves as a 
cognitive scaffold that facilitates the translation of mathematical 
representations from verbal to pictorial and symbolic forms, 
thereby significantly improving students' representation abilities 
on this specific topic. 
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1. INTRODUCTION 
Mathematical representation skills are one of the essential competencies that students must 

possess in mathematics education. These skills enable students to express, translate, and connect 
mathematical concepts through various forms of representation, including verbal, pictorial, symbolic, 
and mathematical models, thereby facilitating the understanding and solution of mathematical problems. 
The National Council of Teachers of Mathematics (NCTM) identifies representation as one of the 
process standards that should be developed alongside problem-solving, reasoning, communication, and 
mathematical connections [1]. Representation also serves as a cognitive tool that helps students 
construct, organize, and communicate mathematical ideas throughout the learning process [2]. 
Furthermore, the ability to translate between different representations is a critical factor in developing 
conceptual understanding, as students must not only understand mathematical symbols but also 
establish meaningful connections among verbal, pictorial, and symbolic representations [3]. This 
perspective is supported by research indicating that mathematical representation skills contribute to the 
development of students’ conceptual understanding, mathematical reasoning, and problem-solving 
abilities [4]. 

The importance of mathematical representation skills has become increasingly relevant in the 
context of the Merdeka Curriculum, which emphasizes student-centered learning through exploration, 
reasoning, and contextual problem-solving activities [5]. However, the results of the 2022 Programme 
for International Student Assessment (PISA) indicate that Indonesian students’ mathematical literacy 
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remains below the average of OECD member countries [6]. This situation highlights the need for 
mathematics instruction to provide learning experiences that develop students’ ability to establish 
connections among different representations, rather than focusing solely on symbolic problem-solving 
procedures. Therefore, instructional innovations are needed to support the systematic development of 
students’ mathematical representation skills. 

The urgency of addressing this issue is further demonstrated by a preliminary study involving 36 
tenth-grade students at SMA Negeri 1 Godong. Initial data were collected using a mathematical 
representation assessment instrument consisting of four open-ended, contextual problems related to 
quadratic equations. The instrument measured three indicators of mathematical representation: verbal, 
pictorial, and symbolic. Each item was scored on a scale of 0 to 4 using an analytical rubric based on 
the completeness and accuracy of students’ responses. The results showed that the students’ average 
score was only 49.67, below the minimum proficiency criterion of 75, indicating a low level of 
mathematical representation skills. Analysis of students’ answer sheets revealed that most students 
experienced difficulties in translating information from word problems into drawings or sketches, 
identifying variables, constructing mathematical models, and interpreting solutions in the context of the 
original problems. These findings are consistent with previous studies indicating that students’ primary 
difficulties are not limited to symbolic manipulation but also involve challenges in translating between 
different forms of mathematical representation [7], [8], [9]. 

One instructional model considered effective in developing mathematical representation skills is 
Problem-Based Learning (PBL). This model uses contextual problems as the starting point for learning, 
encouraging students to identify relevant information, construct various forms of representation, and 
develop solutions through collaborative inquiry [10], [11]. Previous studies have reported that PBL can 
improve students’ mathematical representation skills by actively engaging them in concept construction 
throughout the problem-solving process [12], [13]. Meanwhile, advances in digital technology have 
created opportunities to support PBL implementation through interactive learning media, including 
Scratch [14], [15]. 

Nevertheless, a review of recent international literature published between 2021 and 2026 indicates 
a research gap concerning the integration of Scratch into mathematics education. Previous studies [16], 
[17], [18] have primarily used Scratch to present pictorial representations or simulate algorithmic 
concepts. Furthermore, studies integrating Scratch with Project-Based Learning (PjBL) have generally 
focused on geometry or probability topics and employed worksheets emphasizing coding activities [19]. 
The representation indicators used in these studies have largely focused on the pictorial presentation 
of final results, while the use of Scratch to support the translation of pictorial representations into 
symbolic algebraic forms remains limited. A recent study [20] found that Scratch-based pictorial 
representations could enhance learning motivation; however, the study also highlighted a limitation 
concerning the lack of interactive scaffolding to guide students in translating pictorial representations 
into symbolic forms. Consequently, the use of interactive digital worksheets integrating PBL and Scratch 
to address students’ difficulties in translating between representations when learning quadratic 
equations remains an area that requires further investigation [21]. 

To address this research gap, this study proposes an instructional innovation by integrating 
pedagogical mechanisms directly into the features of Scratch-based learning media. Unlike previous 
approaches that require students to write code, this study positions students as active users who interact 
with Scratch simulations by following instructions provided in digital worksheets. Through this approach, 
Scratch serves not merely as a supplementary medium but also as cognitive scaffolding that supports 
the construction and translation of mathematical representations [22]. This integration is implemented 
through three main features designed to support sequential translation between representations. First, 
the Sketchboard facilitates students’ translation of information from verbal representations, such as word 
problems, into pictorial representations, including geometric sketches and graphs. Second, the Algebra 
Guide provides interactive instructional support to help students translate pictorial representations into 
symbolic forms by constructing quadratic equation models. Third, the Root Calculator serves as a 
verification tool that helps students interpret algebraic solutions in the context of the original problems. 

Based on the foregoing discussion, this study aims to develop and evaluate the feasibility, 
practicality, and effectiveness of a mathematics learning tool that integrates Problem-Based Learning 
(PBL), Scratch, and digital worksheets. This instructional innovation is expected to support students’ 
mathematical thinking processes, address difficulties in translating between mathematical 
representations when learning quadratic equations, and contribute to the literature on interactive digital 
learning environments. 

 
2. RESEARCH METHOD  

This study employed a research and development (R&D) approach using the ADDIE model, which 
consists of five stages: Analyze, Design, Develop, Implement, and Evaluate [23]. The ADDIE model was 
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selected because it provides a systematic framework for developing learning products [24] that meet 
the criteria of validity, practicality, and effectiveness [25]. The products developed in this study 
comprised digital worksheets and Scratch-based interactive learning media integrated into the Problem-
Based Learning (PBL) framework for teaching quadratic equations. 

The study was conducted during the odd semester of the 2026/2027 academic year at SMA Negeri 
1 Godong, Grobogan Regency, Central Java, Indonesia. The study population consisted of all tenth-
grade students. Cluster random sampling was employed [26] to select two classes with heterogeneous 
students and comparable initial abilities. Class X-2, comprising 36 students, was assigned to the 
experimental group, while Class X-4, also comprising 36 students, served as the control group. In 
addition, 36 students from Class X-1, who were not included in either the experimental or control group, 
participated in a limited readability test. The product effectiveness evaluation employed a Pretest–
Posttest Control Group Design, as presented in Table 1. The learning intervention consisted of three 
sessions, each lasting 2 × 45 minutes, for both groups. The experimental group received PBL instruction 
supported by Scratch-based interactive media, whereas the control group received conventional PBL 
instruction without Scratch. 

Table 1. Average Mathematics Learning Outcomes 

Group Pretest Treatment Posttest 

𝑅 𝑂1  𝑋 𝑂2 

𝑅 𝑂3 - 𝑂4 

 
 

The research process was organized into five phases based on the ADDIE model. The first phase, 
Analyze, involved a needs analysis based on the low mathematical representation skills of 36 students, 
as indicated by an average score of 49.67. This phase also included an analysis of the cognitive 
characteristics of tenth-grade students, the Learning Outcomes specified in the Merdeka Curriculum [5], 
and the difficulties students encountered in translating representations when learning quadratic 
equations. The second phase, Design, focused on developing a prototype of the instructional module, 
preparing storyboards for the Scratch-based interactive media features (Sketchboard, Algebra Guide, 
and Root Calculator), designing the digital worksheet layouts, and developing a test blueprint for the 
mathematical representation assessment instrument based on the selected indicators. The third phase, 
Develop, involved producing the interactive media and digital worksheets, followed by a feasibility 
assessment conducted by a mathematics education lecturer with expertise in subject matter and 
learning media through two rounds of revisions, as well as by two high school mathematics teachers 
serving as practitioners. After revision and approval, the product underwent a limited readability test 
involving 36 students from Class X-1. The fourth phase, Implement, involved conducting the learning 
intervention in the experimental and control classes. Teachers acted as facilitators, guiding students in 
using the digital worksheets and Scratch simulations in accordance with the PBL syntax, from problem 
orientation to evaluation. The final phase, Evaluate, consisted of formative and summative evaluation. 
Formative evaluation was conducted throughout the design and development stages, with revisions 
made based on feedback from the validators [27]. Summative evaluation was conducted in the final 
stage to assess the effectiveness of the developed product using pretest and posttest data [28]. The 
overall development process is illustrated in Figure 1. 

 

Figure 1. ADDIE Research Process 
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The primary research instrument was a mathematical representation skills test consisting of 10 
essay questions designed to measure three episodes of representational translation [2], [4] across nine 
indicators. The first episode involved translation between verbal and pictorial representations, including 
the ability to create relevant sketches or graphs from word problems and revise them when the given 
information changed. The second episode focused on translation from pictorial to symbolic 
representations, including the ability to formulate equations based on sketches and explain the 
relationships between visual elements and mathematical formulas. The third episode involved 
translation from symbolic to verbal representations, covering the ability to define variables, construct 
mathematical models from textual information, explain the meaning of formulas in context, modify 
equations, and express calculation results in concluding statements. Each item was scored using an 
analytical rubric ranging from 0 to 4 based on the completeness and accuracy of students’ solutions, 
yielding a maximum possible score of 40. Before implementation, the instrument underwent content 
validation through expert judgment and empirical validity testing using Pearson’s product-moment 
correlation. Reliability was assessed using Cronbach’s alpha, with a coefficient greater than 0.70 
considered acceptable [29]. In addition to the test, a validation sheet using a five-point Likert scale and 
a student response questionnaire using the Guttman or Likert scale were employed to assess the 
feasibility and practicality of the developed learning product. 

The research data were analyzed using descriptive and inferential statistical methods. Data from 
expert validation and practicality assessments were analyzed by calculating percentage scores [26]. To 
evaluate the effectiveness of the developed product, the posttest data were first examined for the 
assumptions of normality using the Shapiro–Wilk test and homogeneity of variances using Levene’s 
test. The effectiveness hypothesis was tested in four stages. First, a one-sample t-test was conducted 
to determine whether the mean posttest score of the experimental class exceeded the Learning 
Objective Achievement Criteria (Kriteria Ketercapaian Tujuan Pembelajaran, KKTP) of 75. Second, 
classical mastery was calculated to determine whether at least 75% of students achieved the specified 
mastery criterion. Third, an independent-samples t-test was used to compare the posttest mean scores 
of the experimental and control classes. If a significant difference in pretest scores was identified 
between the two classes, the analysis was adjusted using analysis of covariance (ANCOVA), with 
pretest scores included as a covariate. Fourth, Cohen’s d was calculated to determine the magnitude of 
the intervention’s effect. Improvements in students’ mathematical representation skills following 
instruction were measured using the normalized gain (N-Gain), categorized as high ((g \geq 0.7)), 
moderate (0.3 ≤  𝑔 <  0.7), or low (𝑔 <  0.3). 
 

3. RESULTS AND DISCUSSION 
This section presents the findings of the development and implementation of a mathematics learning 

product based on Problem-Based Learning (PBL) assisted by Scratch. The findings cover product 
validation, readability testing, implementation of the learning process, the effectiveness of the product 
in improving students’ mathematical representation skills, and student responses. Furthermore, the 
findings are discussed in relation to relevant theoretical perspectives and previous research. 
3.1 Research result 

The learning products developed in this study consist of instructional materials based on the 
Problem-Based Learning (PBL) model supported by Scratch for teaching quadratic equations. The 
products include an instructional module, digital worksheets, Scratch-based interactive media, a 
mathematical representation skills assessment instrument, a readability questionnaire, a student 
response questionnaire, and interview guidelines. Before classroom implementation, the developed 
products underwent validation by one expert lecturer over two rounds of revision and two practicing 
teachers. The validation process aimed to assess the appropriateness of the content, construct, 
language, media presentation, and overall suitability of the learning products. 

Table 2. Summary of Learning Materials Validation Results 

Validator Percentage (%) Criteria 

Expert 1 91,94% Highly Suitable 

Practitioner 1 86,29% Highly Suitable 

Practitioner 2 87,90% Highly Suitable 

Rata-rata 88,71 Highly Suitable 
 

 

Based on Table 2, the developed learning materials achieved an average validation score of 
88.71%, placing them in the highly suitable category. The expert lecturer assigned a score of 91.94%, 
while the two practitioner validators assigned scores of 86.29% and 87.90%, respectively. These results 
indicate that the learning materials met the criteria for alignment with learning outcomes, integration of 
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the Problem-Based Learning (PBL) syntax, quality of media presentation, language clarity, and 
alignment of learning activities with the indicators of mathematical representation skills. 

During the validation process, the validators provided several suggestions for improving the learning 
materials. The revisions included simplifying the wording of the digital worksheets, improving the user 
interface of the Scratch media, refining the workflow of the Algebra Guide feature, and revising several 
items in the mathematical representation skills assessment instrument. All suggestions were 
incorporated into the learning materials before they proceeded to the next stage. 

After the materials were deemed suitable, a readability test was conducted involving 36 students 
from Class X-1 to assess the ease of use of the digital worksheets and the Scratch platform. The aspects 
evaluated included the visual appearance of the platform, language clarity, ease of use, clarity of 
instructions, and functionality of each feature. The results of the readability test are presented in Figure 
2. 

 

 

Figure 2. Readability Test Results 

Based on Figure 2, the developed learning tool achieved a readability score of 86.47%, which falls 
into the “very good” category. These results indicate that students generally experienced no significant 
difficulties in understanding the instructions, accessing the digital worksheets, or using the features 
available on the Scratch platform. The majority of students obtained readability scores in the higher 
range, suggesting that the platform’s interface, language, and navigation were appropriate for the 
students’ needs. 

During the readability test, students were able to access and use the platform on their own devices 
without encountering significant obstacles. The interactive features, including the Sketchboard, Algebra 
Guide, and Root Calculator, functioned properly and enabled students to follow the learning activities 
independently. Furthermore, no functional errors (bugs) or technical issues that hindered platform use 
were identified during testing. These findings indicate that the developed learning tool was sufficiently 
usable to proceed to the instructional implementation phase. 

The next stage involved implementing the learning tool in the experimental class using the Scratch-
assisted Problem-Based Learning (PBL) model, while the control class received PBL instruction without 
Scratch. The intervention was conducted over three sessions covering quadratic equations. The Scratch 
interface used during the learning process is presented in Figure 3. 

 
 

 

Figure 3. Scratch Media Interface and Learning Features 
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The Scratch platform incorporates three main features: the Sketchboard, the Algebra Guide, and 
the Root Calculator. Students used these features sequentially to support their understanding of 
contextual problems, develop pictorial representations, construct mathematical models, and verify their 
solutions. Documentation of the learning activities using the digital worksheets and the Scratch platform 
is presented in Figure 4. 

 
 

 

Figure 4. Students Using Digital Worksheets and Scratch During Instruction During the learning 

process 

Students worked collaboratively in groups following the stages of Problem-Based Learning (PBL). 
They identified relevant information in contextual problems, created sketches using the Sketchboard 
feature, determined variables and constructed mathematical models using the Algebra Guide, and 
verified their solutions using the Root Calculator. Throughout the learning process, the teacher acted as 
a facilitator, guiding group discussions and providing assistance when students encountered difficulties. 

The effectiveness of the developed learning tools was evaluated using a 10-item mathematical 
representation skills test administered after the learning intervention (posttest). Improvements in 
students’ skills from before to after instruction were measured using the normalized gain (N-Gain), 
calculated from the pretest and posttest scores. Descriptive statistics for both the experimental and 
control classes are presented in Table 3. 

 

Table 3. Descriptive Statistics of Mathematical Representation Skills 

Group Pretest Posttest N-Gain 

Experimental 43,4 84,72 0,73 

Control 39,09 72,5 0,56 
 
 

Based on Table 3, the experimental class achieved a mean posttest score of 84.72, whereas the 
control class achieved a mean of 72.50. The experimental class obtained an N-Gain score of 0.73, which 
falls into the high category ((g \geq 0.7)), while the control class obtained an N-Gain score of 0.56, which 
falls into the moderate category ((0.3 \leq g < 0.7)). Furthermore, an independent-samples t-test of the 
N-Gain scores revealed a statistically significant difference in improvement between the two groups ((p 
< 0.05)). 

Subsequently, a one-sample t-test was conducted to determine whether the mean posttest score of 
the experimental class significantly exceeded the minimum passing criterion of 75, as specified by the 
Learning Objective Achievement Criteria (KKTP). 
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Table 4. Results of the One-Sample t-Test 

Mean t df Sig. 

84,72 8,703 35 <0,001 
 
 

Based on Table 4, the one-sample t-test yielded a p-value of less than 0.001, indicating that the 
experimental class’s mean posttest score was significantly higher than the established minimum 
criterion of 75. Furthermore, classical mastery was achieved, as 33 out of 36 students (91.67%) in the 
experimental class attained scores meeting or exceeding the KKTP of 75. This percentage exceeded 
the minimum target of 75% for classical mastery. It is important to note that the one-sample t-test and 
classical mastery analysis were used to evaluate the experimental class’s achievement against the 
established criteria, rather than to establish its comparative effectiveness relative to other instructional 
approaches. 

To evaluate the comparative effectiveness of the developed learning tool, the posttest mean scores 
of the experimental and control classes were compared using an independent-samples t-test, 
supplemented by an effect size analysis. These analyses were conducted to determine whether the 
Scratch-assisted Problem-Based Learning model produced greater improvements in students’ 
mathematical representation skills than the conventional PBL model without Scratch. A summary of the 
results is presented in Table 5. 

 

Table 5. Results of the Independent-Samples t-Test 

Group Mean SD Me
an 
Diff 

t-
value 

df p-
value 

95% CI Co
hen
's d 

Experi
mental 

84,72 7,35 12,
22 

6,923 70 <0,00
1 

[8,70; 
15,74] 

1,6
3 

Control 72,50 7,64 - - - - - - 
 
 

Based on Table 5, the mean posttest score of the experimental class was 12.22 points higher than 
that of the control class. The independent-samples t-test yielded a statistically significant difference 
between the two groups, (𝑡(70)  =  6.923), (𝑝 <  0.001), indicating that the Scratch-assisted Problem-
Based Learning approach was more effective than conventional PBL without Scratch in improving 
students’ mathematical representation skills. Furthermore, the effect size analysis yielded a Cohen’s (d) 
value of 1.63. According to the commonly used interpretation criteria, an effect size greater than 0.8 
represents a large effect. Thus, the intervention demonstrated a very large effect on students’ 
mathematical representation skills. 

After the effectiveness of the developed learning tool was established, its practicality was evaluated 
based on responses from students in the experimental class. The results of the student response 
questionnaire are presented in Figure 5. 

 

 

Figure 5. Students’ Responses to the Instructional Intervention 

Based on Figure 5, the average student response score for the developed learning tool was 88.61%, 
which falls into the “very positive” category. This result indicates that students responded favorably to 
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the learning tool, particularly the user-friendly interfaces of the digital worksheets and Scratch-based 
interactive media [30]. The interview findings further supported these results, indicating that students 
found the Sketchboard feature helpful in translating verbal representations into pictorial representations, 
while the Algebra Guide facilitated the translation of pictorial representations into quadratic equations. 

The questionnaire results were further supported by interviews with several students. In general, 
students reported that the Sketchboard feature helped them understand the information presented in 
word problems before constructing mathematical models. The Algebra Guide also simplified the process 
of identifying variables and formulating quadratic equations, while the Root Calculator enabled students 
to verify their solutions. These findings suggest that the integration of the three interactive features 
supported students throughout the process of translating mathematical representations and solving 
contextual problems involving quadratic equations. 

 
3.2 Discussion 

 

The findings of this study demonstrate that the Scratch-assisted Problem-Based Learning (PBL) learning 
tool meets the criteria of validity, practicality, and effectiveness. Expert validation confirmed the suitability of 
the developed tool as a mathematics learning medium, while the readability test and student responses 
indicated that the digital worksheets and Scratch-based interactive media were practical for classroom use. 
The effectiveness results further support these findings. The experimental class achieved a mean posttest 
score of 84.72, an N-Gain score of 0.73, and a classical mastery rate of 91.67%. The posttest and N-Gain 
results also demonstrated statistically significant differences in favor of the experimental class compared with 
the control class. These findings suggest that the success of the intervention was associated with 
pedagogical mechanisms designed to address students’ difficulties in learning quadratic equations [31]. 

The primary pedagogical mechanism underlying this learning approach is the use of digital worksheets 
and Scratch simulations as cognitive scaffolding to guide students through different episodes of mathematical 
representation [32]. Following the PBL framework, the learning process begins with problem orientation, in 
which students identify relevant information from contextual problems as verbal representations. Rather than 
proceeding directly to formulas, which may be difficult for students to interpret, the learning process guides 
them to construct pictorial representations using the Sketchboard feature. Once the pictorial representation 
has been established, students use the Algebra Guide to identify variables and construct mathematical 
models as symbolic representations. They then solve the resulting equations and verify their solutions using 
the Root Calculator before interpreting the results in the context of the original problem. This systematic 
process aligns with the perspective presented in [2] and the theory discussed in [3], which emphasize that 
mathematical understanding develops through the ability to translate between different forms of 
representation rather than relying solely on symbolic memorization [33]. 

Previous studies have established that Scratch can support students’ motivation and the development of 
basic algorithmic thinking, as reported in [17], [20], and [34]. However, previous research has generally 
positioned Scratch as a tool for final demonstrations or as a coding environment, which may increase 
students’ cognitive load when they must simultaneously learn programming and mathematical concepts. The 
contribution of the present study lies in using Scratch as interactive instructional scaffolding without requiring 
students to write code. By integrating PBL syntax with purposefully designed Scratch features, the developed 
learning tool supports students throughout the processes of constructing and translating mathematical 
representations. This integration provides a learning experience centered on contextual problem-solving and 
offers structured assistance to help students overcome difficulties when solving word problems involving 
quadratic equations [22]. 

 

3.3 Research Limitations 
 

Although the Scratch-assisted Problem-Based Learning (PBL) tool demonstrated a substantial 
positive effect on students’ mathematical representation skills (Cohen’s d = 1.63), several limitations 
should be considered when interpreting the findings. First, the study was conducted at only one 
educational institution, SMA Negeri 1 Godong, with a relatively small sample of 72 students, which limits 
the generalizability of the findings to broader student populations. Second, the study focused exclusively 
on quadratic equations; therefore, the applicability of this integration of PBL and Scratch to other 
mathematical topics has yet to be established. Third, the instructional intervention was conducted over 
a relatively short period of three sessions. Furthermore, no long-term follow-up assessment was 
conducted to determine whether improvements in students’ mathematical representation skills were 
sustained several months after the intervention. 

4. CONCLUSION  
Based on the research objectives and empirical findings, this study concludes that the development 

of a mathematics learning tool integrating Problem-Based Learning (PBL), Scratch-based interactive 
media, and digital worksheets was successful. First, the developed learning tool was considered highly 
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suitable, achieving an average validation score of 88.71%. Second, the tool demonstrated a high level 
of practicality, as indicated by a readability score of 86.47%. Third, the tool was effective in improving 
students’ mathematical representation skills, with the experimental class achieving a classical mastery 
rate of 91.67% and an N-Gain score of 0.73, which falls into the high category. Fourth, the independent-
samples t-test revealed a statistically significant difference in posttest scores between the experimental 
and control classes, with a large effect size (Cohen’s d = 1.63), indicating that the Scratch-assisted PBL 
approach was more effective than PBL without Scratch. These findings suggest that integrating PBL, 
digital worksheets, and Scratch simulations as cognitive scaffolding, particularly through the 
Sketchboard and Algebra Guide features, offers a promising instructional approach for supporting 
students’ translation of mathematical representations from verbal to pictorial and symbolic forms when 
solving quadratic equation problems. 
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