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Introduction

The development of Science and Technology (IPTEK) goes hand in hand with the
contribution of mathematics as the basis of its thinking. Mathematics is one of the main factors
that support the progress of science and technology (Siregar, 2021). The statement emphasized
that mathematics plays a significant role in supporting the progress of science and technology.
Therefore, mathematical problem-solving skills are one of the important competencies that
must be possessed to face various challenges in the modern era of Pratiwi et al. (2023) states
that these abilities involve complex cognitive processes, in which students are required to solve
problems using appropriate strategies in line with Polya's theory (1973) which divides the
problem-solving process into four main stages, namely identifying and understanding the
problem, devising a plan, implementing the strategy that has been designed (carrying out the
plan), and evaluating or reviewing the results obtained (looking back). The importance of
mastering these skills is also emphasized by Wilson in the framework of the National Council
of Teachers of Mathematics (NCTM), which states that the fundamental goal of mathematics
learning is to shape students to be able to face and solve complex problems (Muthia et al.,
2024).

Mathematical problem-solving skills are fundamental competencies that students need to
possess in order to be able to implement mathematical concepts systematically and applicatively
in real-life contexts. However, based on the results of interviews with grade VIII mathematics
teachers at SMPN 4 Tasikmalaya, it was found that at the stage of understanding problems,
there were still students who had difficulty identifying known and questioned information,
although some others had shown quite good comprehension skills. At the completion planning
stage, a number of students have not been able to formulate the right strategies or steps to solve
the given problems. The inability to prepare the plan has an impact on the implementation stage,
where some students are unable to implement the strategy optimally. This condition generally
occurs due to a lack of precision in designing the solution at the previous stage, thus affecting
the success of the next stage. Furthermore, at the review stage, students tend to only write the
final conclusion without carrying out a verification process or re-checking the answers through
alternative methods of completion.

Although many studies have developed electronic-based E-LKPD, it only has a function
as task processing without any counter-interaction that leads to students' thinking guidance
when facing cognitive constraints. Previous research that also corroborates these findings is
Aulia & Hidayati (2023) shows that the proportion of students with a high level of ability is
only 27%. Meanwhile, students in the medium category reached 33%, and the low category
dominated with a percentage of 40%. Other research by Somatanaya & Nugraha (2018) showed
that the ability of junior high school students in Tasikmalaya to solve mathematical problems
only received an average score of 45.39 with a poor category. Research Elma & Munandar
(2023), Agustami, Aprida, & Pramita (2021), and Fauziah et al. (2022) It also states that in
general, students experience obstacles from the stage of developing a solution strategy to the
process of reviewing the answers. This situation shows the need for a solution in developing
students' mathematical problem-solving skills, namely through the process of training this
ability. This results in a very crucial space and is overcome through the development of more
flexible and responsive learning media.

A number of previous studies have focused on efforts to improve mathematical problem-
solving skills through the use of various learning media. One of the media that is considered
appropriate to support this goal is the Electronic Student Worksheet (E-LKPD. Hanum & Amini
(2023) explained that E-LKPD is considered an interactive guide that can be accessed through
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digital devices and is able to present videos, animations, and automatic feedback that support
students' understanding in more depth. Several studies have proven its effectiveness, such as
Sarman et al. (2023) developed E-LKPD based on Polya's steps, and showed that the media was
able to gradually improve students' ability to solve mathematical problems. Research by
Panjaitan et al., (2023) shows that the use of problem-solving-based E-LKPD can increase the
effectiveness of defense through validated and easy-to-apply strategies. Similarly, Ristiani &
Loviana (2023) reported that E-LKPD based on a problem-solving approach is very helpful for
students in understanding each stage of problem-solving strategies. In its implementation, some
of these E-LKPDs allow students to think independently, receive feedback, and reflect on their
answers. However, most of these E-LKPDs have not been able to conduct an in-depth analysis
of students' work, even though each individual may use a variety of completion strategies.
Therefore, an E-LKPD is needed that is not only able to train students' abilities gradually, but
also allows teachers to provide direct feedback on students' thinking processes. One approach
that supports this is assessment for learning, which has been shown to encourage active
involvement in the learning process.

Assessment for learning as explained by Reform Group assessment in Kurniawan (2020)
It is an approach that involves collecting and interpreting evidence that is used by teachers and
students in deciding the best way to achieve learning. Through the application assessment for
learning, Students not only solve problems, but also get the opportunity to rethink, evaluate the
process, and improve their completion strategies based on the feedback provided. Although
there have been many studies explaining the development of E-LKP-based problem-solving,
such as works Choirudin et al. (2021) that emphasizes the Problem-solving in general. This
conventional media focuses more on the limitations experienced in terms of interactivity that
can provide independent guidance when students experience difficulties. The novelty of this
research lies in the implementation of assessment for learning through the features found on the
Wizer.me platform that can be used in combination with deliberative learning strategies. Unlike
ordinary E-LKPD, this product can provide automatic corrections when students fail at a stage.
The system will automatically provide constructive feedback and guide them to a page
explaining the completion stages in the form of a video tutorial.

Therefore, the development of E-LKPD which refers to the assessment for learning
approach is seen as more suitable to train mathematical problem-solving skills systematically
and gradually. In this study, the E-LKPD media is designed by adopting the principles of
assessment for learning in each component. Therefore, the application of the principle of
assessment for learning in the development of E-LKPD is an effective strategy to overcome
various existing limitations. To answer existing problems, this study developed E-LKPD media
with an assessment for learning orientation which is designed to be feasible in practicing
mathematical problem-solving skills. Viewed from the theoretical side, the principle of
assessment for learning in digital media will strengthen the concept of formative assessment as
a learning resource that is not only an evaluation of learning outcomes. Viewed from a practical
perspective, the results of this digital media present an innovative alternative in digital learning
that allows an educator to provide guidance personally but does not need to be face-to-face,
especially in helping students improve the accuracy of re-examining their work with systematic
direction. Therefore, the development of assessment-oriented E-LKPD for learning is
considered a more appropriate and relevant approach to train mathematical problem-solving
skills in a gradual and structured manner.

In this study, the E-LKPD developed integrates the principles of assessment for learning.
Thus, integrating the principle of assessment for learning into the development of E-LKPD
media is a strategic step that can overcome these limitations. To answer existing problems, this
study developed E-LKPD media with an assessment for learning orientation which is designed
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to be feasible in practicing mathematical problem-solving skills. The development of E-LKPD
media based on assessment for learning uses the PPE (Planning, Production, Evaluation) model
because of its practicality and efficiency in producing learning media that requires continuous
evaluation at every stage of its development. The selection of this model is to ensure that the
resulting assessment for learning features have passed strict validation before being widely
piloted. Based on this background, this study aims to produce valid, practical, and effective
assessment-based E-LKPD media to train students' mathematical problem-solving skills on
single-variable linear inequalities material.

Method
Types of Research

This research uses the Research and Development (R&D) method, which is an approach
that focuses on the product development process as well as evaluating the level of effectiveness
of its use (Setyosari 2015). In its implementation, the development approach applied is PPE
(Planning, Production, Evaluation). This approach model was adopted from Richey's research
Richey & Klein (2007). The selection of the PPE model is based on its characteristics that
emphasize the process, from the planning stage to the evaluation, and this development is
analytical from start to finish. In addition, the PPE model is considered to be relatively shorter
and more efficient in its use compared to the ADDIE or Borg & Gall models. This model is
also very suitable for developing technology-based learning media that requires continuous
evaluation cycles at each stage of production without having to go through too complex analysis
stages at the beginning.

Subject

This research involves several subjects, namely experts, teachers, and students. The
expert group consists of two media experts who are lecturers in Informatics Engineering, who
are tasked with assessing product quality from technical aspects and visual appearance. In
addition, there are two material experts, namely Mathematics Education lecturers and partner
teachers, who evaluate the suitability of the content of the material and the use of language in
the product. The user subjects in this study are students of class VIII E SMP Negeri 4
Tasikmalaya. The students participated in two stages of the trial, namely a small-scale trial
involving 10 people to identify initial obstacles, and a large-scale trial involving 30 people to
assess the level of practicality and effectiveness of the developed product

Instruments

Data was obtained through three main types of instruments that have been adjusted to the
quality criteria of learning media according to Nieveen in the book (Akker et al., 2012). The
main instruments include validation sheets for experts, student response questionnaires, and
mathematical problem-solving ability tests. The test instruments are arranged based on a grid
that refers to four rare problem-solving according to Polya (1973). Before being used to collect
data, this test instrument has been tested for the validity of its content by experts to ensure that
each question item can accurately measure the indicator of problem-solving ability. This
validity test is carried out face-to-face and in consultation with experts.

First, the validity of E-LKPD media is measured using expert validation sheets. Media
experts who will assess the content and technical aspects. Evaluation by media experts is carried
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out by examining the quality of the E-LKPD software that has gone through the development
and adjustment process of Sholehah et al. (2021). The grid of media validity that is a reference
for assessment by media experts is presented as follows.

Table 1. The Grid of Media Validity

Aspects Statement
Servings 1,2
Graphics 34,5
Figures and illustrations 6,7
Software Engineering 8
Aspects
Quantity 8

Furthermore, the subject matter expert will conduct an assessment on the subject matter
expert's validation sheet to assess in terms of the process including content components and
linguistic aspects. The validation instrument by subject matter experts was prepared referring
to the assessment criteria for the E-LKPD that had undergone modifications from Ainiy &
Wiguna (2020). The grid of subject matter experts that will be assessed by subject matter
experts is presented as follows.

Table 2. Material Validity Grid

Aspects Statement
Contents components 1,2,3,4,5

Language 6,7,8

Quantity 8

Second, the practicality of E-LKPD media is obtained through the distribution of
questionnaires to students. The questionnaire used is the result of modifications of user response
instruments that have been designed and developed by previous researchers by Alda et al.
(2021). The questionnaire grid used to measure student responses is presented as follows.

Table 3. Student Response Questionnaire Grid

Aspects Statement
Use of E-LKPD 1,2
Reaction to use 3,4,5,6
Benefits of E-LKPD 7,8,9
Quantity 9

Third, the mathematical problem-solving ability test is designed using the form of
description questions, which are arranged according to the reference of mathematical problem-
solving ability indicators according to Polya. The value of students' abilities is obtained from
the results of working on the questions.

Procedure

The development of E-LKPD media based on assessment for learning in this study applies
the PPE (Planning, Production, Evaluation) model as stated by Richey and Klein (Rusdianti,
2021). The model includes three main stages. The first stage is planning , in which the
researcher performs crucial steps including needs analysis, curriculum analysis, and literature
study which will later be designed in a formative feedback mechanism and integrated in the
Wizer.me platform.At this stage, the researcher conducted an in-depth interview with the
mathematics teacher of grade VIII SMPN 4 Tasikmalaya to obtain information related to the
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needs of students, obstacles they experience in learning, and the needs of teachers. This step
aims to make the products developed relevant and able to answer problems found in the field.
The next stage is production, which includes the process of designing, developing products, and
preparing research instruments. Production activities began with the preparation of a design in
the form of a storyboard as a development reference. Furthermore, product development in the
form of E-LKPD was carried out. To optimize its use in training students' abilities, E-LKPD is
equipped with supporting elements such as pictures and videos that function to help understand
the material and solve the problems presented. After the development process is completed, the
researcher compiles a research instrument consisting of a validation sheet for experts and a test
device used to measure the ability of the learners. However, major revisions were also made at
this stage that came from the input of validator experts to improve the order of content, as well
as the clarity of the audio-visual media.

The final stage is Evaluation (evaluation), a validation mechanism is carried out by two
expert validators face-to-face through the digital instrument platform. Then, learning is carried
out through a Wizer.me platform that can be accessed by students with Smartphone each in the
classroom. After that, a post-test is carried out to measure students' ability to solve mathematical
problems. In this stage, the effectiveness of the E-LKPD was also tested based on filling out
the response questionnaire. The researcher provides digital access for validators in E-LKPD as
well as providing physical instruments or digital forms as an in-depth assessment and revision
suggestion. After the validation process is declared feasible by way of revision, the
effectiveness process is used by implementing it in the learning process in the classroom. Each
student is required to access E-LKPD independently through their smartphone. This procedure
is used to observe the effectiveness of the automatic feedback feature on Wizer.me platform.

Data Analysis

This study applies quantitative descriptive data analysis techniques. The validity test is
carried out using the Aiken's V index to determine the level of suitability of the instrument. The
level of practicality of the media is determined based on the average percentage of scores
obtained from the student response questionnaire. Meanwhile, the effectiveness of the media
was analyzed through a comparison of the average pretest and post-test scores, N-gain
calculations, and effect measures using Cohen's d. The data analysis aims to identify the
tendency to increase learning outcomes and the magnitude of the effect of treatment on limited
trial subjects. Therefore, this study has not involved inferential statistical testing to generalize
to a wider population.

The data analysis in this study refers to the use of the Likert scale as a basis in the scoring
process. The scoring conditions are arranged based on the categories that have been determined
referring to Priambodo & Nuryanto (2020) and are presented as follows.

Table 4. Scoring Guidelines

Selected Captions Criteria
Excellent 5
Good 4
Enough 3
Less 2
Very Less 1

This guideline is carried out to assess the validity aspects carried out by experts as well
as practical aspects based on student responses. The scores obtained from the experts were then
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analyzed by applying the Aiken's V index to determine the validity of the E-LKPD (Retnawati,
2016). The formula used is as follows.
s
V= n(c—-1)

Description:
V' = The value of the content validity index in each statement item.
s = The difference between the score given by the validator and the lowest score in the range
of the scoring categories.
n = The number of expert validators involved in the assessment process.
¢ = The number of scoring categories or scales provided for expert validators.

In assessing the validity of the E-LKPD media, the average Aiken V index score obtained
is then interpreted as follows.

Table S. Media Validity Level

Aiken V Index Value Categories

V>08 Highly Valid
04<V <08 Valid
V<04 Invalid

In assessing the practicality of E-LKPD media, the score obtained is then converted into
a percentage to determine the practicality of E-LKPD (Dewi & Izzati, 2020). The formula used
is as follows.

V—Z—XX100°/
== b

Description:
V' = Percentage Value
Y. X = Total score obtained
N = maximum value obtained
Furthermore, the percentage results are interpreted into the following practicality criteria.

Table 6. Media Practicality Level

Rating Categories
80% <x <100% Very Practical
60% <x <80% Practical
40% <x < 60% Quite Practical
20% <x <40% Impractical
0% <x <20% Very Impractical

To measure the effectiveness of E-LKPD media from the results of students' ability tests,
calculations were carried out to find out the percentage of students who were able to complete
the test questions well. Students are declared complete if the score obtained reaches or exceeds
the set classical completeness limit, which is 78%. The percentage is calculated using the

following formula.
Total amount

= X 0,
All students 100%

p

The percentage of completeness obtained is then converted into the effectiveness category
shown in the following table.
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Table 7. Media Effectiveness Rate

Percentage (%) Categories
85<x <100 Highly Effective
65 <x <85 Effective
50 <x <65 Quite Effective
35<x £50 Less Effective
20<x <35 Highly Ineffective

The relationship of the three analyses cumulatively determines the feasibility status of a
product, namely the media is declared viable if it meets three minimum criteria including Valid,
Practical, and Effective. Thus, the media can be an innovative alternative for teachers in
carrying out digital formative assessments.

Research Findings

The results of this study explain the process of developing E-LKPD-based media
assessment for learning which is designed to train mathematical problem-solving skills until an
E-LKPD product that is declared suitable for use is obtained. The eligibility, according to
Nieveen (1999), The feasibility of a product is determined through three main aspects, namely
validity, practicality, and effectiveness. The development process is carried out through three
main stages, namely planning, production, and evaluation. The following is the results of the
research that has been carried out.

Planning

The initial stage in the development of E-LKPD media is the planning phase which
includes needs analysis, curriculum studies, and literature review. Based on the results of the
interviews, information was obtained that some students still had difficulties in solving
mathematical problems. In addition, the learning tools used so far are still limited to print media,
such as teaching materials and LKPD in physical form. Students also show higher enthusiasm
when the learning process involves the use of technology. The results of the curriculum analysis
through interviews show that SMPN 4 Tasikmalaya has implemented the Independent
Curriculum. The curriculum emphasizes student-centered learning with a more flexible
approach and is oriented towards developing essential competencies that are relevant to daily
life. The assessment for learning approach is considered to be in line with the principles of the
Independent Curriculum because it both places students at the center of the learning process.
Safithri & Muchlis (2022) reveals that the application of learning that uses assessment for
learning effectively able to improve students' learning achievements. In line with the research,
Yusron & Sudiyatno (2021) states that learning that uses assessment for learning in learning is
able to strengthen understanding of concepts and critical thinking skills. Various efforts have
been made to develop students' mathematical problem-solving skills, one of which is the
development of more varied E-LKPD, as conveyed by Husna et al. (2022). In addition, research
conducted by Setyawardani & Edy (2024) It is one of the tangible proofs that technology can
be effectively integrated in mathematics learning.

Production

The production stage includes the design process, development of E-LKPD media, and
the preparation of research instruments. In the design phase, the researcher compiled a
navigation structure and flowchart as a guide in the E-LKPD development process. In addition,
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a storyboard was also designed that served as a frame of reference in realizing the media to be
developed. At the development stage, the first step is to create a learning video that aims to
support students' understanding. The video was designed with the help of the Canva and Adobe
Express apps. Furthermore, the various components that have been prepared are integrated into
the predetermined technology platform to produce a complete E-LKPD product. In this study,
the researcher used a digital platform called wizer.me. According to Sobri et al. (2022),
Wizer.me is a technology-based media that facilitates the creation of student worksheets online
and is equipped with an evaluation system to support the assessment process.

" a@®

PERTIDAKSAMAAN
LINEAR SATUV

PETUNJUK
PENGGUNAAN

| =R Qi

VARIABEL

Figure 1 E-LKPD Development Plan

The E-LKPD design snippet in the Figure shows the navigation flow arranged from left
to right. The display starts with the cover page, then continues to the main menu that contains
links to the user instructions and initial test pages. In the instructions for use section, the
procedure for using E-LKPD is explained along with a description of the function of the
symbols used. Meanwhile, the initial test contains a number of questions that students work on
to identify their initial abilities The series of learning activities starts from the material page
that must be studied first by the students. After understanding the material, students are directed
to solve the first problem by following the problem-solving stage, starting from the stage of
understanding the problem, then planning the solution, implementing the plan, to the stage of
re-examination. If students have difficulties, there is a link that leads to the next problem so that
they can start again from the first stage. This process continues until students are able to solve
problems appropriately.

After the answer is declared correct by the teacher, students proceed to the review page.
In this section, students are given reflective questions related to readiness before taking the final
test. Next, students take the final test to find out their ability achievements after participating in
learning. In an effort to train mathematical problem-solving skills, researchers compile
instructions that function as systematic treatments or directions for students. In addition, the
concept of deliberate practice is also applied through the provision of several variations of
problems. This strategy allows students who have difficulty in the first question to practice
again through the next question. The e-LKPD developed is also oriented to the principle of
assessment for learning, so that each stage is designed to provide feedback that supports the
learning process. The E-LKPD display used to train these skills is presented as follows. The
instructions used are shown as follows.

Petunjuk

Carilah kata kunci seperti angka, istilah, atau informasi penting!

Figure 2. Clues to Understanding the Problem
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First, understand the problem. Students are guided to identify essential information
contained in the problem, such as numbers, important terms, and relevant data. Students are
directed to mark or underline the keywords found to facilitate the analysis process. In addition,
students are also asked to determine the information that is known and questioned, and to
rewrite it in their own sentences so that their understanding of the problem becomes clearer.
This step aims to reduce misinterpretation and help students build a more structured
representation of the problem before entering the resolution planning stage.

Petunjuk

Buatlah peta konsep mulai dari jenis masalah, strategi, sampai langkah solusi!

Figure 3. Planning Completion Instructions

Second, at the stage of planning the solution, students are guided to compile a concept
map as a framework for thinking in solving problems. The preparation of the concept map
begins by identifying the types of problems faced, then formulating the appropriate strategy,
and ending by determining the solution steps to be implemented in the next stage.

Petunjuk

Untuk menentukan banyaknya buku yang mungkin dipinjamkan, gunakanlah langkah solusi yang telah dibuat sebelumnyal

Figure 4. Instructions for Implementing the Plan

Third, in the stage of implementing the plan, students are directed to apply the completion
steps that have been formulated previously in solving the given questions. This process requires
students to systematically implement strategies in accordance with the planning that has been
prepared in the previous stage.

Petunjuk

Periksa kembali pekerjaanmu dengan cara lain!

Kamu boleh pilih cara substitusi, grafik, tabel nilai atau cara lain!

Figure 5. Check-Back Instructions

Fourth, In the re-examination stage, students are directed to review the results of the
completion using alternative methods or approaches. This step aims to ensure the accuracy of
the answers while strengthening the understanding of the concepts used. In the E-LKPD
developed, the researcher also applies the principle of deliberate practice as a form of structured
exercise to improve students' abilities. The implementation of the deliberative exercise is shown
as follows.

Problem 1

p P ¥l

Problem 3 Problem 4
Figure 6. Problems
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First, the repetition of thepoems is not monotonous, but is presented in the form of
variations of the questions. With several different problems, students can rework the exercise
to deepen their understanding of the concept or solution steps that still need to be strengthened.

Figure 7. Link to Next Issue

Second, focus on improving weaknesses. In the E-LKPD developed, the researcher uses
links to connect from the problem being worked on to the next problem. This link is used when
students have difficulties when working on problems.

The E-LKPD developed in this study is oriented to assessment for learning, in this case
the researcher uses the principles of assessment for learning, the principles are displayed as
follows.

Capaian Pembelajaran

Peserta didik dapat mer ikan persamaan dan perti linear satu variabel

Tujuan Pembelajaran

- Peserta didik dapat menjelaskan konsep pertidaksamaan linear satu variabel

- Peserta didik dapat per linear satu variabel mengg penj dan

- Peserta didik dapat per linear satu variabel menggunakan perkalian dan pembagian

Figure 8. Learning Outcomes and Learning Objectives

First, determine the goals and criteria for success. E-LKPD is designed to include
learning outcomes and learning objectives.

Petunjuk

Carilah kata kunci seperti angka, istilah, atau informasi penting!

Figure 9. Instructions

Second, efforts to strengthen understanding are carried out through learning activities that
are designed in a directed manner. In the E-LKPD, a guide is included that directs students to
follow the steps that have been set. This approach encourages students to reflect on their
thinking process so that they are able to determine the appropriate answers conceptually and
procedurally.

Correct answer Incorrect answe}
Figure 10. Feedback

Third, the implementation of constructive feedback is also one of the focuses in the
development of E-LKPD. This media is designed using a platform that is able to support direct
feedback. Through this system, researchers can submit responses to the results of students' work
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immediately, so that they can find out the right parts and aspects that still need to be improved.
After the E-LKPD development process is completed, the next stage is the preparation of
research instruments. The instruments designed include validation sheets, student response
questionnaires, and test devices to measure ability. The validation sheet was given to four
validators, consisting of two media experts and two material experts. The results of the
assessment from the validators are presented in the following table.

Table 8. Media Expert Validation Results

Aspects Vi V2 Aiken Categories
\%
Index
Presentation 8 10 0,87 Highly Valid
Graphic 14 14 0,91 Highly Valid
Figures and illustrations 9 9 0,87 Highly Valid
Aspects of software 5 5 1 Highly Valid
engineering

Quantity 35 35 3.65 Highly Valid

Table 9. Material Expert Validation Results

Aspects Vi1 V2 Aiken V Categories
Index
Contents components 24 25 0,97 Highly Valid
Language 13 14 0,87 Highly Valid
Quantity 37 39 1,84 Highly Valid

The results of the evaluation conducted by media experts and material experts show that
the E-LKPD based on assessment for learning obtained the title of "very valid". Both validators
stated that the media has met the eligibility criteria and can be used without the need for
revision. Thus, after being declared very valid and feasible, the development process is
continued to the next stage.

Evaluation

At this stage, the E-LKPD media is evaluated to determine the level of practicality based
on the results of the student response questionnaire and the achievement of the ability test. The
product trial was carried out to 30 students. In addition, an ability test was also given to 30
students in class VIII E SMPN 4 Tasikmalaya. The results of the trial are presented in the
following table.

Table 10. Student Response Results

Aspects Score Max Score Y% Categories
Use of E-LKPD 247 300 82,3% Very Practical
Reaction to use 540 600 90% Very Practical
Benefits of E-LKPD 407 450 90,4% Very Practical
Quantity 1221 1350 90,4% Very Practical

Based on the results of the student response questionnaire at the trial stage, the
assessment-for-learning based E-LKPD obtained a consistent category in each aspect of the
assessment, namely "very practical". Ability measurement is carried out through two stages,
namely the initial test (pretest) and the final test (post-test). The initial test aims to identify the
initial ability of students before being given treatment, while the final test is carried out to
determine the improvement of ability after the use of E-LKPD as well as assess the level of
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effectiveness of the developed media. The results of the students' ability test are presented as
follows.

Table 11. Ability Test Results

Remarks Initial Tests Final Test
Conclusion 14 27
Incomplete 16 3

Quantity 30 30

Average Score (Mean) 74,03 83,17
Standard Deviation 7,29 5,70

The researcher calculated the results to measure the effectiveness of E-LKPD using the
classical completeness formula as follows.

Total amount

-__ @ 0,
All students x 100%

p
Initial test results.

= 1 X 100%
P=30 0
p = 46,66%

Pass the final test.
p= E X 100%
30
p=90%

Based on the calculation results, the percentage of completeness in the initial test reached
46.66%, while 53.34% of other students did not meet the completeness criteria. In the
implementation of the final test aimed at assessing the effectiveness of the E-LKPD, the
completeness level increased to 90%, with 10% of students still not reaching the limit of
completeness. With this achievement, the E-LKPD developed is included in the category of
"very effective". These findings show that the application of E-LKPD based on assessment for
learning has a very strong influence on improving students' mathematical problem-solving
skills. The researcher calculated Cohen's d (effect size) value to find out the magnitude of the
difference in improvement between pretest and post-test scores in standard deviation units. The
calculation is carried out using the following formula.

’SD2 + (SD?
SD pooled = %

(7,292) + (5,70)?
2
SD pooled = 6.54

SD pooled =

_ Mean posttest — Mean pretest
a SD pooled

_ 83,17 — 74,03
N 6.54

d=1,4

Based on the results of the analysis using Cohen's d, a value of 1.4 was obtained which
shows that the development of E-LKPD has a very large influence on improving students'
problem-solving skills. In addition, the researcher also calculated the N-gain value to assess the
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level of treatment effectiveness by comparing the actual score increase obtained by the students
to the maximum potential improvement.

Posttest score — Pretest score

9= Maximum score — Pretest score
_ 83,17 — 74,03
9= 100 - 74,03
g = 0,35

The N-gain value obtained is 0.35. Based on the N-gain classification criteria, the value
is in the medium category. Thus, it can be concluded that the implementation of E-LKPD based
on assessment for learning is quite effective in improving students' mathematical problem-
solving skills. The Paired Sample t-test is used to determine whether there is a statistically
significant difference between pretest and post-test scores. Based on the results of the analysis
using SPSS, a significance value (2-tailed) of less than 0.001 was obtained. These results show
that there is a significant increase in students' mathematical problem-solving ability after the
use of assessment-for-learning based E-LKPD.

Discussion

Based on the results of the study, the development of E-LKPD is oriented assessment for
learning This has been proven to provide a solution to the problem of students' low
mathematical problem-solving skills. This condition is in line with the initial findings, where
students have not been fully able to apply problem-solving procedures according to Polya
(1973), especially at the planning stage to re-check. Unlike previous research that was limited
to the development of E-LKPD-based Problem solving or the Polya step without the integration
of formative assessment, this study specifically incorporates the principles of assessment for
learning in every stage of problem-solving. The training process in E-LKPD is packaged in the
form of deliberative exercises and instructions designed according to each step of Polya. This
provides a more structured and adaptive learning experience to the needs of students.
Theoretical realization of assessment for learning This is manifested in the form of two main
mechanisms, namely Feedback for learning and Student self-monitoring (Kurniawan, 2020).
By utilizing Wizer.me platform, this automated feedback not only serves as a provider of true
or false justification, but rather in cognitive cues that will appear instantly when learners
encounter difficulties in the Polya problem-solving stage. This allows dialogue to occur in
students to improve the logical flow in themselves. In addition, the existence of post-work
scores will trigger metacognitive awareness from students through independent activities in
monitoring students' learning progress, so that they can identify one-variable linear inequality
material more deeply.

The high validity value of media experts (0.91) and material experts (0.92) shows that the
E-LKPD meets the criteria of being very feasible to use. These findings are in line with Sarman
et al., (2023) and Panjaitan et al., (2023) which shows that E-LKPD that is systematically
designed and based on strong theory is able to produce a valid learning media that is worthy of
testing. In addition, the positive response from students in large-scale trials (90%) showed that
E-LKPD had a high level of practicality. These findings reinforce the results Ristiani & Loviana
(2023) which emphasizes the importance of interactive elements in E-LKPD to increase
learning engagement. In this study, practicality is also reflected in the students' enthusiasm for
illustration, video and feedback features that help them.
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The results of the student ability test showed that there was a significant increase in the
level of completeness. Judging from the results of the pretest, as many as 14 students completed
out of 30 students with an average score of 74.03. After the implementation of interactive E-
LKPD, the post-test results showed an increase in results where as many as 27 students
completed with an average score of 83.17. The calculation of the effectiveness of the E-LKPD
learning media obtained an N-gain score of 0.35, which is included in the medium category. It
can be said that E-LKPD is effective enough to help students master concepts that are important
to apply in daily life. This is proven by Cohen's d value of 1.4 and is included in the very large
category. This figure also shows that there are significant differences in ability before and after
using E-LKPD media.

From a theoretical perspective, the success of the research contributes to the development
of assessment-based learning theory. E-LKPD clearly emphasizes that assessment for learning
is not just a testing tool at the end of learning, but also functions as a cognitive catalyst through
feedback mechanisms with formative properties. Because it integrates interactive features in
the form of video tutorials as instructions for working step by step according to Polya's steps.
E-LKPD media also automatically performs scaffolding functions which are in line with the
main focus of mathematics which is complex problem solving. The benefit of this media for
students is to build independence in thinking in solving mathematical problems. Conceptually,
this E-LKPD is a bridge to active learning through a work-value-fix cycle that occurs in real-
time on digital platforms.

The analysis of contradictions and critical reflection of this study provides room for a
broader view than previous research. In general, the learning improvements achieved are often
identified as the main effects of media use. However, this study shows that the duration of
repetitive exercises that are deliberately planned and directed through E-LKPD plays a crucial
role. On the other hand, researchers found potential contradictions to fully automated ideas.
This can be seen that even though digital feedback is very sophisticated, the role of "expert
commentators" in the form of teachers is still very necessary (Hanum & Amini, 2023; Elma &
Munandar, 2023); Agustami, Aprida, & Pramita, 2021); Fauziah et al., 2022). This automated
post-feedback discussion facility that is not yet available causes students to tend to get stuck in
a pattern of trial and error without understanding the concept of mathematical problem solving.
Thus, digital innovation must be seen as a partner of teachers, not as a substitute for the
instructional role of teachers in the classroom.

The innovative contribution of E-LKPD media based on assessment for learning can be
seen through the assessment of the Technological Pedagogical Content Knowledge framework
along with the SAMR model. This E-LKPD displays the synergy between technology, namely
Wizer.me and pedagogy, namely assessment for learning and mathematical content in the form
of one-variable linear inequality material. If reviewed through the framework of the SAMR
teaching instruction model, namely Substitution, Augmentation, Modification, Redefinition,
the development of E-LKPD media has been in the Modification window (Hanum & Amini,
2023; Elma & Munandar, 2023); Agustami, Aprida, & Pramita, 2021); Fauziah et al., 2022). E-
LKPD does not just convert paper worksheets into digital format but presents a completely re-
engineered learning assignment design with dynamic feedback features in accordance with
Polya's problem-solving steps as a modification of teaching instructions that are not easily
replicated by traditional print media. In addition, this E-LKPD provides a more transformative
learning experience for students in understanding and mastering mathematical problem-solving
skills.

However, the main advantage of this E-LKPD media lies in the novelty of the form of
feedback given. Unlike previous media that only provided automatic feedback and must be in
accordance with keywords or choices, this E-LKPD allows teachers to comment based on
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students' work. This makes the feedback process more personal and meaningful, as emphasized
in the theory assessment for learning by Kurniawan (2020). Students also stated that the
feedback was very helpful for them to understand mistakes and correct them, which was at the
heart of this learning. A significant increase can be seen from the learning outcomes of students,
where 90% achieve classical completeness. This reinforces previous findings that the
assessment for learning can improve learning outcomes (Sudarsono & Muchlis, 2023).
However, this research makes a new contribution, namely integration assessment for learning
into digital media. Thus, this research not only develops valid and practical E-LKPD, but also
brings innovations in the use of digital technology to train mathematical problem-solving skills
effectively.

Conclusion

This study shows that the development of assessment-oriented E-LKPD media is suitable
for use to train mathematical problem-solving skills. The integration of assessment for learning
principles in Polya's measures results in valid, practical, and effective E-LKPD. The validity of
the E-LKPD media is shown through a proactive assessment from media and material experts
with an average validation of 0.91 and 0.92. The practicality of E-LKPD media is reflected in
the excellent response given by students with an average percentage of 90%. Viewed from the
quantitative side, the increase in classical completeness of the product can be reviewed through
an increase in student completeness from 14 students during the pretest to 27 students after the
post-test. The increase in completeness was also supported by a significant increase in the mean
from 42.50 to 82.15 and an N-gain value of 0.69 which was included in the medium category.
In addition, Cohen's calculation of d of 3.63 indicates that this media has a huge effect on
student learning outcomes.

Theoretically, the novelty of E-LKPD research lies in the concept of formative assessment
in digital media. The e-LKPD developed is not only able to provide an interactive and reflective
learning experience, but also allows teachers to provide more meaningful feedback based on
students' thinking processes. This situation has a positive influence on their engagement and
learning achievements. This is proven by 90% of students who have achieved classical
completeness on the ability test. The E-LKPD media developed contributes to integrating the
principles of assessment for learning with problem-solving approaches in Wizer.me-based
digital media, which have not been found in previous research. Innovatively, this research
stands out through the incorporation of automated feedback features that are made constructive
that are often overlooked in conventional E-LKPDs. In terms of theory, the contribution of this
research is in the development of a digital scaffolding mechanism that can help students solve
problems with the steps proposed by Polya. The use of assessment for learning theory functions
as an assessment tool and a learning tool that guides children to recognize their own mistakes
independently to enrich the literature on adaptive learning in the digital era.

However, the study has limitations, especially in terms of attachment to turnaround time
and feedback features that still depend on the platform's ability to provide manual comments.
In addition, this research is only focused on one material, namely one-variable linear inequality
and is carried out on a limited scale. The high dependence on the stability of the internet network
to be able to carry out interactive functions optimally. This research is only focused on one
material, namely the linear inequality of one variable and is carried out on a limited scale. The
methodological limitation in this study is that it has not measured the long-term impact of the
use of E-LKPD on students' problem-solving abilities. This study also did not involve a control
group as a comparison of the effectiveness of the use of E-LKPD. Based on these results and
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limitations, further research is recommended to develop E-LKPD media on different materials
and levels, as well as optimize other features of the Wizer.me to improve feedback efficiency.
In addition, empirically, cross-school replication with a purely experimental quantitative design
is needed to strengthen the generalization of the findings of this study. This is done in order to
review the long-term impact on students' reflective thinking skills in the context of digital
learning to ensure the sustainability of the benefits of this assessment-based E-LKPD.
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