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ABSTRACT : Lectures at the tertiary level utilize developments in technology and information through learning,
one of which is assessment. Digital-based assessment in basic physics lectures is an important step towards
modernizing education that provides ease and efficiency of use. This research is collaborative research at
Muhammadiyah University in Indonesia, which uses a type of development research that refers to the
Thiagarajan 4D development model, which consists of define, design, development, and dissemination stages.
Research dissemination was carried out at two Muhammadiyah Universities in Eastern Indonesia, with the
design of providing a pretest and posttest for the two research subjects. The application used is Kahoot. The
format of the questions given is multiple choice and true-false, with a total of 60 numbers. The validation used
is an expert validation method using the Content Validity Index (CVI), with a validation value of 0.85 and is
declared valid. The instrument effectiveness test produced an N-Gain value for Campus A of 0.46 (medium) and
Campus B of 0.55 (medium). Researchers recommend further development of Kahoot-based digital assessments
to better suit student needs. In addition, additional research should be developed by paying attention to
developing students' critical thinking and collaboration skills.
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1. INTRODUCTION

Advances in technology and information have an impact on ease of communication and a positive impact on
education, especially learning (Thomassen et al., 2020). Technology rapidly developed in learning during the
Corona Virus Disease (COVID)-19 pandemic. At that time, the entire learning process used technology (Ma’Ruf
et al., 2019), such as face-to-face meetings becoming virtual face-to-face with the Zoom Meeting and Google
Meeting applications (R. Zhang et al., 2022) and attendance using the SIMAK or LMS application owned by each
university (Klein et al., 2021). However, most assessments are still manual (Chen et al., 2021). Essential Physics
is mandatory for Biology Education students at Muhammadiyah A College. Students must take the Basic Physics
course in the first semester with a weight of three lecture credits. Likewise, in the Physics Education Study
Program at College B, Basic Physics is a mandatory subject with a credit load of 3 credits (Ma’ruf et al., 2024).
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The assessment process for Basic Physics lectures at Muhammadiyah University A still uses manual assessment
to evaluate Basic Physics lectures. Students independently write answers on paper and manually circle the
answers they consider appropriate and have not been structured (Resta et al., 2020). So far, assessment is still
considered boring (Nielsen et al., 2020) and frightening for students (Langenfeld et al., 2022). This is a challenge
for lecturers in managing and implementing innovative and enjoyable lectures (Marisda et al., 2023). One of the
digital applications that is currently viral is Kahoot (Dhawan, 2020; Gao et al., 2020). Kahoot is a game-based
digital learning platform (Arlinwibowo et al., 2023) that makes it easy to create, share and play learning games
(Wang & Tahir, 2020; Q. Zhang & Yu, 2021). Kahoot also accommodates the provision of images (Baszuk & Heath,
2020) and tables appropriate to the abstract content of the Basic Physics course. In terms of use, Kahoot is user-
friendly (alsswey & Malak, 2024) both on student smartphones and laptops (Suharsono, 2020). With Kahoot's
convenience and innovative features, problems experienced by students and lecturers in the lecture process
assessment can be overcome.

Based on the results of the research team's initial observations of Basic Physics lectures in the Biology Education
Study Program at Muhammadiyah University A, information was obtained that most learning assessments still
took place manually using the description question type in both the Mid-Semester Examination and Final
Semester Examination, while in the Physics Education Study Program at Muhammadiyah University B has used
the Kahoot assessment application in Basic Physics lectures on a limited basis on several lecture topics.
Muhammadiyah University A and Muhammadiyah University B have a smooth internet connection to access
digital learning applications. Muhammadiyah University B suggested that Muhammadiyah University A use the
Kahoot assessment application among other learning assessment application options. The Kahoot application
was chosen because it has several advantages, including questions containing images, tables, graphs, and short
animations. Apart from that, the advantage of Kahoot is that it is user-friendly and can be used on smartphones
or laptops (Martin-Somer et al., 2024). Another advantage is that Kahoot can be accessed with a lighter internet
quota than other digital assessment applications (Cadet, 2023).

Assessment of Basic Physics lectures using digital applications at Muhammadiyah University B has already been
used, namely with the University's LMS SPADA application. However, it is limited to collecting student
assignments. Some students need help using the application on their smartphones. Therefore, only some
lecturers use SPADA LMS in their lectures. Other research related to the Kahoot digital application has also been
used in the Physics Education Study Program at Muhammadiyah University B in 2022 but is limited to several
lecture topics (Nurlina et al., 2022).

Meanwhile, partner universities, namely Muhammadiyah University A, have never implemented digital learning.
Therefore, the novelty of this research is the use of an assessment application in Basic Physics lectures that can
be used by prospective Physics teachers and Biology teacher candidates at Muhammadiyah University A.
Another novelty offered in this research is the varied questions developed in a Kahoot-based assessment
instrument, namely multiple-choice and true-false questions. Apart from that, the application being developed
will add rewards and motivation for students in the form of funny animations when students answer questions
correctly and different funny emoticons if they answer incorrectly.

2. METHODS

This is development research, which refers to the Thiagarajan 4D development model. Thiagarajan's 4D
development model consists of stages: define, design, develop, and disseminate. Detailed research stages can
be seen in Figure 1 below.
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Figure 1. Research Flow Diagram

Validation tests the feasibility of the product and instrument being developed (Abubakar et al., 2022; Sustekova
et al., 2019; Syahfitri et al., 2019). Three expert validation members are used at the research instrument's
validation stage. Expert validation consists of content, assessment, and test media validation. The instruments
validated are basic physics assessment instruments and user response sheets (lecturers and students). The basic
physics assessment test instrument consists of two questions: multiple-choice tests and true-false tests. The
validation results were analyzed using the Content Validity Index (CVI) method, using four assessment scales.
The assessment scale can be seen in Table 1 below.

Table 1. Rating Scale by Experts

Value Assessment Category
1 Irrelevant

2 Less relevant

3 Relevant

4 Very relevant

(Yusoff, 2019)

After the expert provides an assessment, the validation results are analyzed using the Microsoft Excel
application. If the CVI value is 20.78, it is declared valid (Ameu et al., 2024). If the CVI value is 2 0.90, then the
instrument is considered to have good content validity. Researchers also tested the instrument through limited
trials, namely at Muhammadiyah University B, with a sample size of 5 students selected randomly.

The content tested in this study results from a mutual agreement between Muhammadiyah University A and
Muhammadiyah University B. There are 11 main contents tested, namely: motion and force, kinematics,
dynamics, energy and rotation of rigid bodies, impulse, and momentum, static and dynamic physics, thermal
properties of substances, heat, kinetic theory of gases, entropy and cycle processes, and force and electric fields.
Each content consists of two types of questions, namely true-false questions, and quizzes so there are a total of
55 question numbers. After going through a validation process by experts and limited trials, only 22 question
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numbers were declared valid for use in the study. Of the 22 question numbers, 12 were in the form of quizzes
and 10 were in the form of true-false questions.

After revising the instrument according to suggestions from the validator, the next research stage was testing it.
Instrument testing is carried out to determine its effectiveness and practicality. Effectiveness testing was
conducted by giving pretests and posttests to prospective teacher students at Muhammadiyah University A and
Muhammadiyah University B. Data from the pretest and posttest results were analyzed using the Excel
application. Participants in this study consisted of students from two Muhammadiyah universities, namely
Muhammadiyah University A, with 14 students, and Muhammadiyah University B, with 12 students. The sample
is the entire population because the number of students in both universities is limited. The research sample is a
saturated sample.

3. RESULTS & DISCUSSION

Research into developing digital-based basic physics test instruments was designed using the Kahoot application.
The Kahoot application is a game-based learning platform that allows lecturers and students to create and
participate in interactive quizzes (Wirani et al., 2022). The types of questions in the Kahoot application are
multiple-choice and true/false (Nurlina et al., 2022). In the Kahoot application, quizzes can be played in real time
with many participants. The Kahoot application has several main features that are very suitable for use in online
learning for students (Orhan Goksiin & Giirsoy, 2019). These features are interactive quizzes, distance learning,
surveys, discussions, and content libraries (Martin-Sémer et al., 2024). Therefore, the findings in this research
are described according to the 4D stages, namely define, design, development, and dissemination.

Define Stages

The define stage consists of curriculum analysis and beginning-to-end analysis.

Curriculum Analysis

Curriculum analysis found that the preparation of the curriculum for the Physics Education Study Program at the
University in Makassar, which was carried outin 2013, referred to the Higher Education Law Number 12 of 2012.
Curriculum analysis of the curriculum at universities A and B used a curriculum based on the Indonesian national
qualifications framework. Besides using this curriculum, college A has adjusted the independent campus
independent learning curriculum. Now, both universities have made adjustments to the independent learning
curriculum. This curriculum adjustment can be seen as lecture activities carried out in each study program. The
lecture activities are student exchanges, teaching assistance, and entrepreneurship. This is in accordance with
research conducted in Padang (Mairizwan et al., 2022). The curriculum that should be used in Physics and Physics
Education Study Programs must accommodate and be able to teach abstract nature to prospective teacher
students (Mekbib Alemu Vanessa Kind & Rajab, 2021).

Start-End Analysis

The final preliminary analysis found that most of the basic physics lecture assessments were still manual;
students wrote answers on answer sheets, and the form of the test was an essay. This differs from research
conducted at one of the Physics Education Study Programs, which developed a digital literacy test instrument
with multiple choice questions to train prospective teacher students in literacy skills, especially digital literacy
(Rizal et al., 2020). The infrastructure in the form of an internet connection and wifi network at UM Makassar
and UNIMUDA Sorong is quite good, and they already have a wifi network. A Wi-Fi network provides many
significant benefits for basic physics lectures. Students can quickly access various online learning resources,
scientific journals, and additional materials that enrich their (Mohottige et al., 2022). Wi-Fi facilitates
communication and collaboration through e-learning platforms and discussion forums, allowing students to
easily collaborate and exchange ideas (O’Brien et al., 2022).

Design Stage

Several examples of learning outcomes test designs using the Kahoot application are documented.
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Figure 2. Example of displaying basic physics questions using the Kahoot application (a,b) multiple choice
question form; (c,d) matter of right and wrong

Development Stage

In this case, the digital-based assessment tool with the help of Kahoot is an online test instrument (multiple
choice questions, quiz questions, and true-false questions) in the Basic Physics course (Nurlina et al., 2023). In
other universities, some use Kahoot as a quiz application. Still, it is limited to one question, namely multiple
choice, and only one lecture topic (Diana et al., 2021). The discussion topics in the basic physics course consist
of 10 chapters, namely, Measurement, Kinematics and Dynamics, Work and Energy, Elasticity and Spring Force,
Momentum and Collisions, Rotation of Rigid Bodies, Geometry Optics, Electrical Circuits, Vibrations and Waves,
Heat. After compiling each part of the assessment tool in the Basic Physics course, the next step is to carry out
a validation process for the instruments developed based on suggestions given by the validator team by
considering three aspects: material, construction, and language. Expert validation is carried out to see the
content validity of the developed draft instrument. The Validator Team consists of 3 (three) experts to validate
digital-based Physics assessment instruments in Basic Physics courses. The validator team consists of experts in
physics and learning media. After receiving an expert assessment, the validation results are analyzed using the
Content Validity Index (CVI) equation. An instrument's standard value is valid if it has a CVI value > 0.78. The
instrument's CVI calculation result is 0.85. Therefore, the instrument is declared valid. Apart from assessing each
aspect, the validator's assessment is also in the form of comments and constructive suggestions for developing
the digital assessment. These comments and suggestions can be seen in Table 2 below.

Table 2. Recap of Validator Suggestions and Comments

Aspect Validator Comments

Conformity of content Make sure all the material tested is in accordance with the applicable

to the curriculum basic physics course curriculum. Topic coverage and depth of
material must be appropriate.

Question quality Pay attention to the quality of the questions. Questions should test
correct understanding of basic physics concepts and support the
development of critical thinking.

Variations in question Use a variety of question types such as multiple choice, short answer,

types and true/false to measure various aspects of knowledge and skills.
Consider image or graphic based questions.
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Immediate feedback Take advantage of Kahoot's live feedback feature to provide brief
explanations for each correct or incorrect answer, so students can
quickly understand their mistakes.

Student involvement Ensure that the use of Kahoot increases student involvement in the
teaching and learning process. Interactive activities such as quizzes
can increase motivation and active participation.

Accessibility and Ensure all students have equal access to the devices needed to take
equality digital tests. Consider students' special needs.
Security and honesty Ensure the platform is used in a way that minimizes opportunities for

cheating and that participant identities can be properly verified.

Sustainable Continue to evaluate and develop digital test assessments. Use
development feedback from students and fellow faculty to continuously improve.
Integration with other Integrate results from Kahoot digital tests with other assessment
learning methods in courses. Digital test results must contribute meaningfully

to the student's overall assessment.

Table 2 summarises the validator comments given to the digital assessment instrument being developed. The
material tested must be appropriate to the topic coverage and depth of the material. This aims to ensure that
the test assessments developed follow established academic standards and that all relevant topics are covered
(Istiyono et al., 2020). In the second aspect, the quality of the questions needs to be considered. This ensures
that the assessments developed can accurately measure students' understanding and abilities. Diversity needs
to be considered in the aspect of variations in question types. This aims to accommodate various student
learning styles and provide a more comprehensive assessment (Murciano-Calles, 2020). Immediate feedback is
provided to help students understand concepts better and correct their mistakes in real time. To access Kahoot-
based digital assessments, aspects of accessibility and equality need to be considered (Farhan et al., 2024), and
thisisintended to ensure that all students have the same opportunity to succeed and that no one is marginalized
(Cahyani et al., 2022). The security and honesty aspect is that researchers need to ensure the platform is used
to minimize the opportunity for fraud and ensure that student identities are correctly verified. This aims to
maintain the integrity of the assessment and ensure fair and accurate results. The aspect of continuous
development is a long-standing note for validators. This ensures that the developed Kahoot-based digital
assessment remains relevant and effective in measuring student competency (Asniza et al., 2021). Integrating
with other learning is also a validator note for researchers to pay attention to. This provides a comprehensive
picture of student performance and ensures a holistic assessment. Holistic assessment is an approach that
assesses student performance as a whole, including cognitive, affective, and psychomotor aspects. This method
combines assessments such as written tests, projects, presentations, and observations to provide a
comprehensive picture of student abilities. Holistic assessment emphasizes real-world context, measures
processes and outcomes, and encourages ongoing reflection and feedback. The main goal is to understand
student performance in-depth, encourage continuous learning, develop skills, increase learning motivation, and
create a fairer and more inclusive assessment environment. This approach ensures students understand and
apply the concepts in real situations in fundamental physics courses.

Dissemination stage

The disseminating stage in developing a Kahoot-based digital test instrument for basic physics courses involves
several important steps to ensure that lecturers and students can access, use, and adopt the test instrument.
The steps taken at the dissemination stage are as follows:
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Socialization

The socialization stage was carried out to introduce Kahoot-based digital test instruments to lecturers and
students. The aim is for lecturers and student teachers to become familiar with the Kahoot application as a
digital testing platform and understand its functionality and how to use it. A good introduction makes users feel
more comfortable and confident using new technology. This can also foster interest and motivation in using
Kahoot (Nadeem, 2020), increasing participation and involvement in teaching and learning. The socialization
stage is also intended to align the test instruments with the learning objectives of introductory physics courses
and ensure their suitability to the curriculum. This is designed to ensure that the test instruments are relevant
and effective in measuring the expected learning outcomes (Malek et al., 2022).

Distribution of Test Instruments

Researchers share links or access codes at the test instrument distribution stage and provide usage guides and
technical support. Please provide a link or access code to the digital test created in Kahoot and send it to lecturers
and students via email or an online learning platform. The aim is to facilitate access and use of developed
instruments, ensure the availability of information, increase communication efficiency, and increase user
participation and involvement (Ristanto et al., 2022)

Feedback and Evaluation

The activities carried out at the feedback and evaluation stage include collecting feedback using surveys via
Google Forms to collect opinions and suggestions from users (lecturers and students) after using digital tests.
After that, researchers held a focus group discussion to gain deeper insight into the user experience. Then, they
analyzed the collected data to identify the strengths and weaknesses of the test instrument.

Apart from learning user responses to the test instruments developed, researchers also tested digital test
instruments at two universities: Muhammadiyah College A, located in the eastern part of Indonesia, and
Muhammadiyah College B, located in the central part of Indonesia. The pretest and posttest test results data for
each campus can be seen in Table 3 below.

Table 3. Statistical Parameters of Research Data

Statistical Parameters College
A B
Pretest Posttest Pretest Posttest
Average value 33,86 52,00 54,25 70,00
Standard deviation 5,13 12,54 13,11 12,52
Maximum value 57,00 72,00 74,00 89,00
Minimum value 10,00 30,00 38,00 50,00
N-Gain 0,46 (medium) 0,55 (medium)

Table 3. Statistical Parameters of Research Data provides an overview of the data in the form of average value,
standard deviation, maximum value, minimum value, and N-gain value. It also shows the results of learning
evaluations on two campuses, Campus A and Campus B, by comparing pretest and posttest scores and
calculating N-gain to measure learning effectiveness.

At Campus A, the average student pretest score was 33.86, which increased to 52.00 on the posttest. This shows
increased students' knowledge or skills after the learning intervention. The standard deviation of the pretest
score was 15.13. It decreased to 12.54 in the posttest, which indicates that the variation or spread of student
scores became smaller, and the results were more consistent after the intervention. The maximum score
achieved by students increased from 57.00 on the pretest to 72.00 on the posttest, showing a significant increase
in students with the highest scores. In addition, the minimum score also increased from 10.00 on the pretest to
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30.00 on the posttest, showing substantial improvement for students with the lowest scores. The n-gain value
at Campus Ais 0.46, categorized as medium. This means that learning at Campus A is quite effective in improving
students' knowledge or skills, although there is still room for further improvement.

At Campus B, the average student pretest score was 54.25, which increased to 70.00 on the posttest. This shows
a more significant increase in student's knowledge or skills compared to Campus A after the learning
intervention. The standard deviation of the pretest score was 13.11. It decreased slightly to 12.52 in the posttest,
indicating that the variation in student scores became more consistent after the intervention, although not as
large as the decrease in Campus A. The maximum score increased from 74.00 on the pretest to 89.00 on the
posttest, showing a significant increase in students with the highest scores.

Additionally, the minimum score increased from 38.00 on the pretest to 50.00 on the posttest, indicating
substantial improvement for students with the lowest scores. The n-gain value at Campus B is 0.55, also
categorized as medium. This shows that learning at Campus B improves students' knowledge or skills and is
slightly better than at Campus A.

Analysis of the N-Gain Value for each student at the two campuses can be seen in Figure 3 below:.

N-Gain Value for Muhammadivah A Universitics
: . &2 049 9 ( “ ‘
2 7 7
7 7 77
/ ﬁ 0,22 0.2) / /
2 7 7 Z 7 7
| ) 5 % % 9 % 9 7

Figure 3. Obtained N-Gain Value at Campus A for Each Student

Figure 3 shows that most students on campus A experienced increased knowledge after implementing Kahoot-
based digital assessment in learning. Several students showed very significant improvements. However, some
students' improvement could be higher, and they still need further attention to understand their barriers to
learning. Overall, the learning intervention is quite effective for most students, but there is room for
improvement to ensure all students can achieve optimal improvement.

Apart from that, from Figure 3, it can also be seen that student improvement can be divided into three
categories: high, medium, and low improvement. Students with high improvement were seen in the
achievement of student 3, who had the highest N-gain value of 1.39, showing a very significant improvement
after the learning intervention. Student 9 has an n-gain value of 1.06, also showing a considerable increase.
Students with moderate increases seen in students 1, 12, and 14 have n-gains between 0.6 to 0.70. This shows
a significant improvement in their knowledge. Students 4, 6, 7, and 8 had n-gain values between 0.48 and 0.58,
which also falls into the moderate improvement category. Students with low improvement, seen in student 2,
have an n-gain of 0.29, indicating low improvement. Students 10 and 11 have an n-gain of 0.22, indicating a low
increase.
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Figure 4. Obtained N-Gain Value at Campus A for Each Student

Enhancements and Updates

Refining and updating activities include revising, retesting, and periodic updates. Based on the feedback
received, the test instrument is revised, with revisions to the questions, format, and test features to improve its
quality and effectiveness. The updated version is retested to ensure that the improvements have succeeded.
Regular updates to the test instrument are carried out to ensure the content remains relevant and in line with
the latest developments in physics education.

4. CONCLUSION

This research shows that using Kahoot-based digital assessments improves student understanding and skills. The
research results showed a significant increase in posttest scores compared to the pretest, with n-gain scores
generally being in the medium to high category. Students are more motivated and active in taking Kahoot
interactive quizzes, which makes the teaching and learning process more exciting and varied. Kahoot's ease of
access and use for lecturers and students and the immediate feedback it provides help students understand
concepts better. The results analysis feature on Kahoot also makes it easier for lecturers to evaluate student
performance and adjust learning strategies according to needs.

This study shows that the use of Kahoot! as a digital-based assessment tool in the Basic Physics course has a
positive impact on the learning experience of prospective teacher students. The use of Kahoot! not only
increases student participation and engagement during the learning process, but also provides fast and effective
feedback in understanding the material being taught. In addition, Kahoot! helps create a more interactive and
enjoyable learning atmosphere, which can reduce student anxiety about test-based assessments. The use of
Kahoot! also shows an increase in students' critical thinking skills, especially in solving quizzes that require a
deep understanding of concepts. However, this study also found that not all questions can be declared valid for
use in this digital format, indicating the need for more attention in compiling questions.

Researchers recommend further development of Kahoot-based digital assessments to better suit student needs.
In addition, further research should focus on developing students' critical thinking and collaboration skills.
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