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Abstract

This study aims to develop three types of assessments in mathematics learning for the Three
Variable Linear Equation System material: initial, formative, and summative assessments. These three
assessments are designed for use on a digital platform to enhance the efficiency of implementation and
student involvement in the learning process. The study uses a Research and Development ( R&D )
approach with the ADDIE model consisting of five stages: analysis, design, development,
implementation, and evaluation. The initial assessment in the form of a learning style questionnaire is
distributed through Typeform to identify student learning characteristics. The formative assessment is
designed in the form of an interactive quiz using the Nearpod application which includes multiple-
choice questions. In the meantime, the summative evaluation is created as a context-based exam
that gauges the knowledge, application, and reasoning dimensions. Four experts used Aiken's
V test to validate the developed instrument, and Alpha Cronbach’s reliability test was used to
assess its dependability. With an Aiken's V > 0.80, the validation results demonstrate the
instrument’s high level of validity. The reliability test yields a moderately consistent Alpha
Cronbach value of 0.45. The implementation's outcomes demonstrate that this technology-
based evaluation can help identify student traits early on, offer feedback throughout the
learning process, and measure learning success in a comprehensive way. Thus, creating this
assessment could be a useful substitute for enhancing students' understanding of the Three
Variable Linear Equation System.

Keywords: Assessment, Three Variable Linear Equation System, Validity, Reliability, Technology-
Based Assessment

BACKGROUND

In order to support the efficacy of mathematics learning, assessment is crucial. These
days, assessment serves more purposes than just gauging outcomes; it also serves to track the
learning process and modify focused learning tactics (Cusi et al., 2023) . Teachers can better
understand students' learning needs and developmental stages by implementing well-designed
assessments. As a result, assessment plays a crucial role in the development and application of
adaptive learning.

One of the more challenging subjects in mathematics is the Three Variable Linear
Equation System, which frequently presents challenges for students. This is due to the Three
Variable Linear Equation System's simultaneous requirement for modelling abilities, algebraic
manipulation, and logical reasoning (Dewi et al., 2020) . Many students struggle to choose the
best solution approach and to translate contextual problem representations into a system of
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equations (Kusuma et al., 2024) . This issue shows that an assessment tool that can pinpoint
particular learning challenges is required.

It has been demonstrated that alternative teaching strategies, like the crossing method,
help students better comprehend the Three-Variable Linear Equation System (Deogratias,
2014) . Comprehensive assessment support for this type of approach is still lacking, though.
Assessments that are only oriented toward the final result are not enough to capture students'
thinking processes and problem-solving strategies. Therefore, an assessment is needed that can
reveal students’ abilities more comprehensively through various stages of learning.

Advances in educational technology open up new opportunities for implementing more
interactive and efficient assessments. Digital platforms such as Typeform and Nearpod allow
assessments to be conducted online, provide immediate feedback, and store learning outcome
data more systematically (Weigand et al., 2024) . Cevikbas, Kaiser, and Schukajlow (2024)
stated that digital assessments can increase student participation and motivation because they
are flexible and adaptive to individual needs.

However, the development of a good assessment cannot be separated from testing its
validity and reliability. Validity ensures that the assessment measures the intended competency,
while reliability shows the consistency of assessment results in different applications (Aydogan
& Tanndgen, 2024) . Additionally, a number of studies stress that unvalidated tools run the
risk of giving inaccurate information when it comes to learning decision-making (Brochey-
Taylor & Taylor, 2024) .

A thorough picture of students' learning progress can be obtained by combining the
three forms of assessment: initial, formative, and summative. According to Levy-Feldman
(2025) summative assessments show students' final performance, formative assessments track
the learning process, and initial assessments can assist teachers in understanding students'
readiness for learning. Teachers can implement more focused learning activities with this tiered
assessment approach.

One of the main topics in the study of current trends in mathematics education is the
incorporation of technology with assessment techniques (Cevikbas et al., 2024) . In addition to
supporting a more individualised learning process, technology-based assessments facilitate
real-time analysis of learning outcomes by teachers. Additionally, this integration creates room
for creativity in creating tests that suit the needs and characteristics of students.

Based on the description above, this study focuses on the development of three types of
technology-based assessments for learning Three-Variable Linear Equation Systems. The
assessment instrument was developed using the ADDIE model and tested through content
validity and internal reliability. Thus, this study is expected to contribute to providing valid,
reliable, and contextual assessments to improve the quality of mathematics learning at the
secondary level.

METHOD
Types and Design of Research

This type of research is development research or Research and Development ( R&D )
using the ADDIE model , which consists of five stages: Analysis, Design, Development,
Implementation, and Evaluation. (Alniza Azman et al., 2024) & (Ergin & Diker Coskun, 2024)
. This model was chosen to produce valid, reliable, and applicable assessment products in
mathematics learning, especially in the Three Variable Linear Equation System material.
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Time and Place of Research

This research was conducted in the 2024/2025 academic year at one of the high schools
in Surabaya City, namely SMA Dharma Wanita Surabaya located at JI. Kendangsari Surabaya.
The location selection was carried out purposively by considering the school's readiness to
implement digital-based learning and the availability of adequate internet access.

Research Subject

The subjects in this study were 20 grade X students who were studying the material of
Three Variable Linear Equation Systems. The subject selection technique used the purposive
sampling method to ensure the representation of student characteristics and technological
readiness.

Research Procedures

The research procedure follows the five stages of ADDIE . The analysis stage is carried
out by studying the curriculum, learning conditions, and assessment needs of the Three
Variable Linear Equation System material. Initial, formative, and summative assessment
formats are prepared during the design phase. Instrument creation and expert validation using
validation sheets are part of the development stage. The implementation stage is carried out by
testing the instrument on grade X students. Finally, the evaluation stage includes analysis of
validation data, reliability, and effectiveness of assessments in the learning process.

Research Instruments

The research instruments used consisted of three types of assessments. First, the initial
assessment was in the form of a learning style questionnaire distributed through the Typeform
platform . Second, the formative assessment was in the form of an interactive Nearpod-based
quiz containing multiple choices. Third, the summative assessment was in the form of a
context-based test that measured three aspects: knowing , applying , and reasoning ( (Cusi et
al., 2023) ; (Weigand et al., 2024) ).

Data Analysis Techniques

Data analysis techniques consist of two parts: validity analysis and reliability analysis.
Content validity is analyzed using Aiken's V formula based on the assessment of four validators.
Internal reliability was analyzed using Cronbach'’s Alpha to assess consistency between items.
Interrater reliability tests such as in the study by Takahashi et al. (2021) are an important
reference in ensuring consistency of results, even though the contexts are different. In addition,
student assessment data were analyzed descriptively to see the achievement of learning
objectives and the effectiveness of the instruments developed.

Success Indicators

Indicators of success in this study include (1) Aiken's V value > 0.80 as an indicator of
high validity, (2) Cronbach's Alpha value of at least 0.40 as acceptable moderate reliability for
exploratory instruments, and (3) active student involvement in digital assessment as an
indicator of the effectiveness of instrument implementation ( (Mohd Razali et al., 2025) ;
(Levy-Feldman, 2025) ).
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RESULTS AND DISCUSSION
Research result

This study aims to develop an assessment of mathematics learning on the material of
Three Variable Linear Equation Systems. The results were obtained from three types of
assessments used, namely non-cognitive initial assessment, formative assessment, and
summative assessment. Each type of assessment provides different information regarding
student characteristics, engagement, and learning outcomes.

Non-Cognitive Initial Assessment Results

Initial assessments were conducted to identify students' learning styles . The results of
filling out the questionnaire distributed through Typeform showed that most students had visual
(60%) and kinesthetic (20%) learning styles , while the rest were included in the auditory
category (20%). This data is important as a basis for teachers to design learning strategies that
are in accordance with the characteristics of the majority of students.

Table 1 Distribution of Student Learning Styles Based on Initial Assessment

Learning Styles Number of Percentage
Students
Visual 12 60%
Auditory 4 20%
Kinesthetic 4 20%

Table 1 shows that the majority of students (60%) tend to absorb information through
visual displays. This is the basis for developing learning strategies and presenting assessments
that involve diagrams, colors, and other visualizations.

Formative Assessment Results

Formative assessments are conducted through the Nearpod platform and involve
interactive activities such as matching answers, card games, and contextual questions
consisting of 5 questions. The results of the formative assessment show that most students
already understand the basic concept of the Three Variable Linear Equation System.
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Poin yang diperoleh

Nilai <50

15,0%

Nilai 50-70

25,0% Nilai >70
60,0%

Figure 1 Percentage of Student Scores on Nearpod Formative Assessment

Figure 1 shows that 60% of students scored above 70, indicating very good mastery of the
material. Meanwhile, 25% were in the range of 50-70 and another 15% were below 50,
indicating that learning reinforcement was still needed. These results indicate that most
students have understood the material well during the learning process.

Summative Assessment Results
a. Trial Results
1. Validity of Summative Assessment

Validitas berdasarkan Validator pada Kriteria A
3 Validator
Butir I T I v S1 S2 S3 S4 s n(c-1) A\ Ket
Butir 1 4 4 3 3 3 3 2 2 10 12 0.83333 | Sangat Tinggi
Butir 2 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi
Butir 3 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi
Butir 4 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi
Butir 5 4 1 4 2 3 0 3 1 7 12 0.58333 Sedang
5 Validator
Butir T [ 1 m [ v S1 S2 S3 S4 s n(c-1) \% Ket
Butir -5 20 | 17 19 [ 17 15 12 14 12 53 60 | 0.88333 | Sangat Tinggi

Figure 2 Validity Test Results on Criterion A

Based on the assessment for variable A, namely "questions by the
objectives and indicators of the assessment™ by the four validators, the results
obtained were that out of 5 questions, there were 4 questions that were classified
as "very high" and 1 question in the "moderate” category, so the researcher
retained 5 questions to take data from respondents by reprocessing the words
according to the indicators and objectives of the assessment according to the
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suggestions of the validators. Thus, in variable A, which contains 5 questions,
it is said to be valid to take data from 20 respondents.

Validitas berdasarkan Validator pada Kriteria B
. Validator
3 5 53 oo o "

Butir I m I v Sl S2 S3 S4 s n(c-1) v Ket
Butir 1 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi
Butir 2 4 4 3 3 3 3 2 2 10 12 0.83333 | Sangat Tinggi
Butir 3 4 3 4 3 3 2 3 2 10 12 0.83333 | Sangat Tinggi
Butir 4 4 3 4 3 3 2 3 2 10 12 0.83333 | Sangat Tinggi
Butir 5 1 1 1 1 0 0 0 0 0 12 0 Sangat Rendah

2 Validator =
Butir T [ 1 m | v S1 S2 S3 S4 ¥s n(c-1) \Y% Ket
Butir -5| 17 [ 15 16 | 14 12 10 11 9 42 60 0.7 Tinggi

Figure 3 Results of Validity Test on Criterion B

Based on the assessment for variable B, namely "questions presented
by the dimensions of knowledge and dimensions of cognitive processes" by the
four validators, the results obtained were that out of 5 questions, there were 4
questions that were classified as "very high" and 1 question in the "very low"
category, so that the researcher improved 1 question to take data from
respondents by presenting it by the dimensions of knowledge and cognitive
processes according to suggestions from the validators. Thus, in variable B there
is 1 question that still needs improvement so that it can be said to be valid for
taking data from 20 respondents.

Validitas berdasarkan Validator pada Kriteria C
N Validator
Butir I i I v S1 S2 S3 S4 s n(c-1) A% Ket
Butir | -+ 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi
Butir 2 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi
Butir 3 4 3 4 3 3 2 3 2 10 12 0.83333 | Sangat Tinggi
Butir 4 3 3 4 4 2 2 3 3 10 12 ]0.83333 | Sangat Tinggi
Butir 5 2 1 2 1 1 0 1 0 2 12 [0.16667 | Sangat Rendah
. Validator -
Butir I | I | I | v S1 S2 S3 S4 >s n(c-1) v Ket
Bur1-5[ 17 | 15 | 18 [ 16 12 10 13 11 46 60 [0.76667|  Tinggi

Figure 4 Results of Validity Test on Criterion C

Based on the assessment for variable C, namely "graphs, tables,
pictures, maps, symbols or the like are presented clearly, functionally” by the
four validators, the results obtained were that from 5 questions, there were 4
questions that were classified as "very high" and 1 question in the "very low"
category, so that the researcher improved 1 question to collect data from
respondents by presenting pictures or the like clearly according to the
suggestions of the validators. Thus, in variable C there is 1 question that still
needs improvement so that it can be said to be valid for collecting data from 20
respondents.
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Validitas berdasarkan Validator pada Kriteria D
- Validator
Butir I T I v Sl S2 S3 S4 S, n(c-1) v Ket
Butir 1 3 3 3 3 2 2 2 2 8 12 0,66667 Tinggi
Butir 2 4 4 4 4 3 3 3 3 12 12 | Sangat Tinggi|
Butir 3 4 4 4 4 3 3 3 3 12 12 | Sangat Tinggi
Butir 4 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggij
Butir 5 2 3 2 3 1 2 1 2 6 12 0.5 Sedang
. Validator
Butir I i I v S1 S2 S3 S4 s n(c-1) A\ Ket
Butir I-5[ 17 18 17 18 12 13 12 13 50 60 0.83333 [Sangat Tinggi

Figure 5 Validity Test Results on Criterion D

Based on the assessment for variable D, namely "the formulation of
commands/questions requires logical and argumentative answers (in essay
questions)” by the four validators, the results obtained were that from 5
questions, there was 1 question that was classified as "high", 3 questions were
classified as "very high", and 1 question was in the "moderate"” category, so the
researcher retained 5 questions to collect data from respondents by reprocessing
the words that required respondents to answer logically and submit their
arguments according to the suggestions of the validators. Thus, variable D,
which contains 5 questions, is said to be valid to collect data from 20

respondents.
Validitas berdasarkan Validator pada Kriteria E
; Validator
Butir I m I v S1 S2 S3 S4 s n(c-1) v Ket
Butir 1 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggil
Butir 2 4 3 3 4 3 2 2 3 10 12 0,83333 [Sangat Tinggi
Butir 3 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggil
Butir 4 3 4 4 3 2 3 3 2 10 12 0,83333 [Sangat Tinggi
Butir 5 2 2 3 3 1 1 2 2 6 12 0,5 Sedang
. Validator
S S3 S o
Butir I I I l I l v S1 S2 S S4 s n(c-1) \"% Ket
Butr 155 17 | 17 [ 18 | 18 12 12 13 13 50 60 | 0.83333 [Sangat Tinggi

Figure 6 Results of Validity Test on Criterion E

Based on the assessment for variable E, namely "logical answer key
reasons and by the truth of the concept” by the four validators, the results
obtained were that from 5 questions, there were 4 questions that were classified
as "very high™ and 1 question in the "moderate” category, so that the researcher
retained 5 questions to take data from respondents by reprocessing the words
according to the concept as suggested by the validators. Thus, in variable E,
which contains 5 questions, it is said to be valid to take data from 20
respondents.
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Validitas berdasarkan Validator pada Kriteria F
X Validator . g . o
Butir I m I v S1 S2 S3 S4 s n(c-1) Vv Ket
Butir 1 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi|
Butir 2 4 4 3 3 3 3 2 2 10 12 0,83333 [Sangat Tinggi|
Butir 3 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi|
Butir 4 4 4 4 4 3 3 3 3 12 12 1 Sangat Tinggi|
Butir 5 3 3 3 3 2 2 2 2 8 12 0.66667 Tinggi
; Validator
3 5 -
Butir I | m I | v S1 S2 S S4 s n(c-1) v Ket
Butir 1-5] 19 [ 19 18 | 18 14 14 13 13 54 60 0.9 [Sangat Tinggi

Figure 7 Results of Validity Test on Criterion F

Based on the assessment for variable F, namely "the language used is
clear and appropriate for high school students so that it is easy for students to
understand” by the four validators, the results obtained were that from 5
questions, there were 4 questions that were classified as "very high" and 1
question in the "high" category, so the researcher retained 5 questions to take
data from respondents by reprocessing the words using clear language and easy
for high school students to understand according to suggestions from the
validators. Thus, in the F variable, which contains 5 questions, it is said to be
valid to take data from 20 respondents.

Reliability of Summative Assessment

butir soal butir soal butir saal butir sog] butir soal skor total
siswa 1 2 2 1 1 2 8
siswa 2 2 3 1 0 0 6
siswa 3 2 1 1 1 1 6
siswa 4 2 3 2 1 2 10
siswa 5 2 2 1 1 3 9
siswa 6 1 2 1 1 0 5
siswa 7 1 1 1 1 1 5
siswa 8 1 3 3 1 3 11
siswa O 1 2 1 2 0 6 k Yo;?
siswa 10| 1 2 1 1 0 5 a= %=1 1- p
siswalll 1 3 3 1 2 10 t
siswa 12! 1 3 3 2 2 11
siswa 13| 1 3 3 1 2 10 Dengan @ = koefisien reliabilitas instrumen; k = banyaknya butir pertanyaan dalam
siswa 14 2 1 2 1 1 7 instrumen; ¥ ¢;* = jumlah varians butir instrumen; g,*= varians skor total.
siswa 15 2 1 2 1 1 7
siswa 16| 1 2 1 0 0 4
siswa 17| 1 2 1 1 1 6
siswa 18 1 3 1 0 3 8
siswa 19 1 1 1 1 2 6
siswa 20| 2 1 1 1 2 7
Varians Total 4.6605
Varians Butir Soal 0.2526] 0.6816] 0.6816] 0.2605| 1.0947] 29711
|Nﬂni Cronbach Alpha 0.4531

Figure 8 Results of Reliability Test Using EXCEL

In the image above, the results of the reliability analysis test of
questions using EXCEL are seen from the Alpha value . The results of the
reliability test on the questions presented in the table with an alpha value equal
to 0.45313 are included in the "sufficient™ criteria. This can be interpreted that
the questions have sufficient consistency in measuring students' abilities.

b. Item Analysis

1. Level of Difficulty of Question Items
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butic soal 1] butic soal 2 butic soal 3 butic soal 4 butic soal S| skor RUMUS TINGKAT

siswal 2 2 1 1 2 8 KESUKARAN ESSAY
siswa 2 3 1 0 0 I3
siswal 2 1 1 1 1 o 4
siswad 2 3 1 2 10 = Skor Maksimum
siswa S 2 ! 2 2
Siswa 6 1 2 1 ) 0 s TK = tingkat kesukaran soal uraian
siswa 7 1 1 1 1 1 5 Mean = rata-rata skor siswa

siswal 1 3 3 ) 3 1 Skor Maksimum = skor maksimum yang ada pada pedoman penskoran
SSwa 0 1 2 1 0 [

siswa 10 1 2 1 1 0 5 Kriteria Tingkat Kesukaran .

siswa 1l 1 3 3 1 2 10 kurang dan 0.3

siswall 1 3 3 2 11 antara 0.3 hingga 0.7

siswal3 1 3 3 1 2 10 lebih dari 0.7

siswa 14 1 1 1 Z

siswals | 1 | b

siswa 16 1 2 1 0 0 4

siswall | 2 | | | I3
i 1 | 1 0 K3 b

1 1 1 1 2 £
siswa 20 2 1 1 1 Z
Rata-rata skor 14 | 205 | 155 | o9 | 14
skor maks 3
1K
Kriteria

Figure 9 Results of Analysis of the Level of Difficulty of Question Items

The image above shows the results of the analysis of the level of
difficulty of the question items. Based on calculations, the level of difficulty of
the five questions is categorized as "moderate™. This indicates that the questions
have a level of difficulty that is appropriate to the average student's ability, not
too easy and not too difficult.

2. Distinction Power of Question Items

~]butirs ~ J butirs ~ | butirs ~ Jbutirs ~ Jbutirs ~ | skor t ¢
siswa 8
| siswa 12
siswa 4
| siswa 11
| siswa 13
| siswa 5
| siswa 1
siswa ISI
| siswa 14

1
1
2
1
1
2
2
1
2
siswa 15| 2
2
2
2
1
1
1
1
1
1
1

o
"
—

9 rata2 kelompok atas — rata2 kelompok bawah
Daya Pembeda =

skor maksimal

kelompok atas
kelompok bawah

indeks Disiminea 0

>0,40 Excellent

0,30-0,39 Good

0,11-0,29 Fair

0,00-0,10 Poor

<0,00 (negatif) Miskeyed or other major flaw

siswa 20|
| siswa 2
 siswa 3
siswa 9

| siswa 17
| siswa 19
siswa 6
siswa 7

siswa 10
siswa 16|
| 28] a1 31] 1] 28

Skor maksimal 3 | 31 3 1 3 | 3
Jumlah siswa*50% 10
Rata2 kelompok atad 15 24 2,1 1 2,1
Rata2 kelompok baw 1,3 1,7 1 0,9 0,7

Daya Pembeda 0,06667) 0,23333] 0,36667] 0,03333] 0,46667
Kriteria Jelek Cukup Baik Jelek Baik sekali

1o fro f= fro = Jro Jro = | = = 1= e o o o e o fos |
— === l= === === = = = e e e e
=) =] 54 ) (5] (59 (5] (=) (S]] [0 (=Y (555 () (1) (W0 10 (1) () (%)
IS VN () () o (5N (5 (2 (G B0 B O 29 2

Figure 10 Results of the Analysis of the Differential Power of Question Items

The image above shows the results of the item discrimination power analysis. Based on
the analysis, the items that have sufficient, good, and very good discrimination power are found
in items 2, 3, and 5, which means the items are difficult for the lower group but very easy for
the upper group. Then the poor discrimination power is found in items 1 and 4, which means
the items are difficult for the upper group.

Discussion
The results of the initial assessment showed that most students have a visual learning style
(60%). This finding is in accordance with the characteristics of high school students who



PEDAMATH Volume 7, No. 2, Tahun 2025, pp. 50-65
Journal on Pedagogical Mathematics Ishomah Nadiyah, dkk.

generally find it easier to understand material through visual displays such as pictures, colors,
and diagrams. This condition is in line with the view of Weigand et al. (2024) which states that
visual-based assessment and learning can increase information retention and the appeal of
learning materials. Therefore, the use of graphic-based media in assessments is very
appropriate for students with a tendency towards a visual learning style .

In addition, the implementation of formative assessment through the Nearpod platform
provides an illustration that 60% of students achieved scores above 70. This shows that most
students have understood the concept of the Three-Variable Linear Equation System well
during the learning process. Saarela's study (2024) highlights the importance of understanding
the solution structure of three-variable equations as a foundation for compiling mathematical
models correctly. The implementation of interactive formative assessments can encourage
active student involvement, as stated by Cusi et al. (2023) that technology-based formative
assessments can increase students' attention and response to the material being studied.
However, the group of students who scored below 50 (15%) showed the need for further
differentiation and mentoring efforts for certain groups.

The summative assessment developed consists of contextual questions that measure the
dimensions of knowing , applying , and reasoning . The results of student achievement indicate
that summative assessment is able to comprehensively evaluate students’ understanding of the
Three-Variable Linear Equation System in a real context. This finding is in line with Levy-
Feldman's (2025) opinion which states that context-based summative assessment is able to
describe student achievement holistically, not just procedural memorization.

According to Santos-Trigo (2024) , problem-based assessment not only assesses the final
results but also trains students to think reflectively, which is very important in understanding
the Three-Variable Linear Equation System. This can be seen from the fairly high reasoning
achievement in the summative assessment. On the other hand , the impact of learning on
students' interests and self-confidence also needs to be considered. These results are in line
with Zhu & Kaiser (2022) who stated that appropriate teaching practices can improve students’
self-efficacy and mathematics test achievement.

From the aspect of instrument quality, Aiken's V value for the assessment shows higher
validity (>0.80 ) . The validity aspect in instrument development is also highlighted in the
research of Schweidtmann et al. (2022) which emphasizes the importance of data suitability to
the analysis model. This is in line with the findings of Cetin (2024) which emphasizes that
reliable assessment instruments must go through a validation and reliability process to ensure
consistency of assessment, especially in the context of learning observation. This indicates that
the contents of the instrument are in accordance with the competency indicators and learning
context. High validity also strengthens that the instrument has passed the expert testing stage
carefully, as stated by Aydogan and Tanri6gen (2024) that content validity is very important in
developing assessments that are in accordance with student needs and curriculum objectives.

The summative assessment, on the other hand, received a value of 0.45 from the
reliability test using Alpha Cronbach, falling into the sufficient category. This value is still
appropriate for an exploratory instrument that is being used in its early stages of development
according to Mohd Razali et al. (2025) . This reliability value indicates that this instrument can
be used with a note of further improvement even though the consistency between the items is
not very high.

10
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A high Aiken's V value suggests that every assessment was created with consideration
for how well the content matched the learning indicators. The result of Schweidtmann et al.
(2022) who highlighted the significance of validity limits in data-based instrument models,
further support this validity. Furthermore, Takahashi et al. (2021) study on inter-rater
reliability in the medical field supports the notion that reliability falling into the sufficient
category is still appropriate in the context of early development.

Lastly, the analysis of this data demonstrates that a thorough picture of students' learning
processes and results can be obtained by integrating three different assessment types:
formative, summative, and initial. As stressed by Cetin (2024) in creating a scale of teacher
observation skills, this finding supports the significance of teachers' observation abilities in
thoroughly evaluating students' learning processes. The findings of Zhu & Kaiser (2022) show
that appropriate teaching practices have a direct impact on students' learning interests, self-
efficacy, and mathematics test results. Assessment strategies like this support students' needs-
based learning while providing a valid evaluation of their learning outcomes ( (Bakker et al.,
2021) ; (Chorlay et al., 2022) ) . In other words , the development of validated digital-based
assessments can be an alternative solution to strengthen mathematics learning, especially in the
Three-Variable Linear Equation System material.

CONCLUSION

This study produces three types of assessments in learning the Three Variable Linear
Equation System, namely initial, formative, and summative assessments based on digital. The
assessments have been validated by experts and show a high level of validity and sufficient
reliability to be used in the context of class X of high school.

Initial assessment successfully identified students' learning styles as a basis for designing
appropriate learning. Formative assessment has been proven to help students during the
learning process through the provision of interactive feedback. Meanwhile, summative
assessment can measure students’ final achievements in the aspects of knowing , applying , and
reasoning through contextual questions.

In general, the integration of these three types of assessments contributes to a more
adaptive and responsive learning process to students' needs . The use of digital platforms such
as Typeform and Nearpod also strengthens the efficiency of implementation and student
involvement in the evaluation process.

Based on the results of this study, it is recommended that mathematics teachers begin to
integrate the three types of assessments in their learning practices, especially for complex
materials such as the Three Variable Equation System. In addition, further research can be
conducted with a wider scope or the development of more diverse instruments to improve the
quality and consistency of technology-based assessments in the future.
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