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Abstract. Assessment in the education world has a vital role in measuring students'
ability to evaluate the subject matter. The application of computer-based assessments is
needed because this is following the conditions of technological development in the
education world, which is increasingly sophisticated and diverse. Therefore, this article
discusses the development of computer-based assessment products on physics material
for class X SHS, namely Friction. This product is a computer-based formative
assessment implementation system. This product development aims to make it easier to
evaluate this material during the current pandemic conditions. This study uses a Research
and Development (RnD) research model by applying the Define, Design, Develop, and
Disseminate (4D) model. However, this research is only limited to the third stage,
Develop. This product, Friction Force Quiz (F2Q), provides evaluation questions
equipped with feedback and different levels of difficulty at each level. The level made in
this product aims to determine the level of understanding of the student material. Based
on product validation and testing results, this F2Q receives a positive and feasible
response if used to support the evaluation of learning in the friction force material for
class X SHS.
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1 Introduction

Physics is a field of science that is generally considered difficult and requires more
attention during the learning process. Some of the basic principles of physics are summarized
only in simple mathematical form. Apart from understanding concepts through
experimentation and analogical processes, learning physics also requires mathematical
analysis to find basic principles and predict possible meanings. Although mathematics is not
the whole of physics learning, the use of mathematical symbols and the influence of the
intuitive language of mathematics in the physics learning process cannot be avoided.
Misunderstanding of mathematics and intuitive language will be one of the reasons for the
misunderstanding [1],[2].

Friction is an important topic in the study of mechanics [3]. Even though friction is not
one of the basic forces, if you understand the concept of friction, the theoretical physics being
studied will be more real . In general, many theories in physics are put forward without
friction, so they are not suitable for everyday use, such as in free fall, piston motion and
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simple pendulum oscillations. Therefore, with the concept of friction, it is hoped that no one
thinks the laws of physics only apply to an ideal world in the laboratory. In addition, it also
aims to minimize the view that the knowledge learned in school is abstract and far from real
life [4].

The topic of friction in learning physics is an interesting topic to study its level of
misconception. This is because there are several different conclusions regarding the high
misconceptions in friction force. In the research conducted by Lin and Singh, it was concluded
that there are several possible misconceptions that will appear in the friction force material.
Most students have the assumption that the static friction force is always a maximum value
because students have difficulty with the definition of mathematical inequality related to the
magnitude of the static friction against the normal force [2]. This is likely due to the
vocabulary of introductory physics and how it is interpreted by students. In addition, this
evaluation is needed because currently there are many physics books and online learning sites
that discuss friction material inappropriately, especially in static friction. These literatures
present the mathematical formulation of static friction in general as the maximum value of the
static friction force. The implication of using this formula is feared that it can make students
interpret the static friction force to be constant regardless of how much force is exerted on an
object [5].

Based on the above it is necessary extra effort is needed to understand physics material,
especially friction force material. It is because in this material, almost every year, there are
students who do not understand and find it difficult. The difficulty experienced by students
lies in determining the direction of the force acting on the object [6]. In addition, having no
knowledge about the basic concepts of Newton's law is also one of the reasons students have
difficulty working on friction force questions [5], [7]. The friction force is a Physics material
that is taught to students since elementary school and is further deepened at the first level of
high school [8], [9], [7]. At the elementary school level, this material was introduced for the
first time to students in the material style section [10].

This material can be delivered in various ways, including using appropriate learning
models, using teaching aids in providing simulations, and also providing enrichment questions
to students in order to increase understanding [8], [11], [12], [13]. It is in line with the notion
that Physics learning requires learning based on understanding the concept through
demonstrations or simulations using teaching aids in a pleasant atmosphere [14]. This pleasant
atmosphere can be interpreted by delivering material that is fun using a fun learning model
and the evaluation is also not boring [15], [16], [17]. One way to do a fun learning evaluation
is by giving evaluation questions that are equipped with animations on the discussion of the
problem and also a design that attracts students' interest [8], [18]. In addition, educators can
also make project assignments a form of evaluation in learning, [19]. Learning evaluation is an
activity to obtain information related to students' understanding of the material that has been
received [18].

Currently, there are many technology-based learning evaluations and can be accessed
easily by students using gadgets [20]. In this material, many learning media have also been
developed to support understanding and are easily accessible. However, the learning
evaluation developed on this material is only limited to presenting questions. This model can
make students bored and lazy to do it, resulting in poor evaluation results [18]. Therefore, in
this study, a Friction Force Quiz (F2Q) is developed. It has a collection of questions to
evaluate the friction force material which is equipped with feedback on each answer and there
is an animation on the discussion related to problem-solving.



2 Method

Research and Development (R&D) is the research method used in this research. It is
because this research is engaged in product development. The research model used is the 4D
research model. This research model consists of four stages: define, design, develop, and
disseminate. Define is the initial stage of a series of stages in the 4D research model, this stage
is useful for defining the needs and information needed in this study. At this initial stage, this
is a basic step to initiating research, before finally getting the benefits of the results of product
development using the 4D research model. While the design stage is the stage that follows up
on the results of obtaining initial information or data at the previous stage. The follow-up to
this second stage is marked by determining the design that will be used in product
development.

Then, the next stage is to develop. This stage is an important step that must be present in
the R&D research model. Because this stage is useful for developing products that have been
designed and the reasons and benefits for the design of the product are known. This third stage
can also be said to be the most crucial stage of a series of existing stages. It is because at this
stage, in addition to the product development process, an initial trial process and input from
experts is also carried out regarding the feasibility of this product. So, at a later stage, the
product that has been developed only requires a response from consumers when using the
product.

The final step of the 4D research model is disseminated. This dissemination step serves
to disseminate the results of the design of this product to consumers. The intended users for
this product are educators and students because the product produced from this research is a
product of learning media. Of the four steps in the 4D research model, only three steps were
used in this study: only limited to the third stage, develop. This is due to restrictions on the
learning process during the Covid-19 pandemic such as today.

3 Result and Discussion

This research produces F2Q products with development stages using the 4D research
model. The detailed design of this F2Q product will be presented in the next review. The first
review will present the questions or questions that are in the F2Q product. The description of
the questions in F2Q is as follows:



Fig. 1. Question on the first level

Fig. 2. Question on the second level

At the basic and medium levels, there are types of questions that require an understanding of
the concept with a little calculation. The questions at that level use a true and false problem
model. So that at this level students are asked to choose whether the existing statement is a
true or false statement.
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Fig. 3. Question on the third level

Fig. 4. Question on the third level
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Fig. 5. Question on the third level

are presented at the HOTS question level [21], [22]. Not only that, at this level, there is also an
answer analysis using three question models. First, the model of true and false questions is the
same as the previous level. Second, a multiple-choice question model with more complex
questions, and the third one with a short answer question model that only requires a number
answer as the key.

At this design stage, besides determining the model and level of questions and levels of
the F2Q product, a flowchart of this product is also designed or what is commonly called a
flowchart. The flowchart of the F2Q product is as follows:

Opening
Input Indentitas

Beranda

Beranda level

Kumpulan soal

Jawaban benar
atau salah

Nilai

Pembahasan soal

Closing

Fig. 6. F2Q product flowchart



This flowchart explains the flow of the F2Q product. When opening F2Q for the first time,
students will be given an attractive initial display to make them curious and want to continue
to the next slide. It contains a welcome greeting to the world of physics with friction force sub
material kinetic friction material and is equipped with an arrow-shaped button to proceed to
the next slide. Not to forget, the developer also provides an atmosphere of relaxation to
students by adding a piano instrument back sound which can stimulate the work of the
students' brains [23].

WORLD OF PHYSICS
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>

Fig. 7. F2Q opening product preview
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Fig. 8. Input identity in F2Q product

In the next image, the presentation is displayed regarding the identity input display,
homepage, and level homepage, where each appearance has a different nuance. This is built to
avoid boredom in students when working on questions [24], [25], [26]. In the identity input
display, there are two fields that must be filled in, name and class information. Whereas in
Figure 9, the F2Q product homepage displays the F2Q product levels.



Fig. 9. F2Q homepage preview

Fig. 10. F2Q level homepage preview

The display in Figure 11 shows the questions available on the F2Q product. These
questions come from reputable journal articles and physics books which are then developed to
suit the level of students in high school. Then in the next display, there is a response slide
available from the student's choice of right or wrong. Whereas in Figure 13 shows the display
of the score that was achieved when answering the questions. This score slide, not only
displays the score you got, but there is also a button to check the discussion of each question
which is equipped with an animation related to the question. Figure 15 shows the last slide of
the F2Q product display which contains words of encouragement for students and never gives

up.



Fig. 11. Question preview on F2Q product

Fig. 12. Answer respon preview on F2Q product
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Fig. 14. Discussion of the question preview
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Fig. 15. F2Q product closing preview

After completing the design of the F2Q product. The next stage is to develop the F2Q product.
This F2Q product was developed using Macromedia Flash 8 application which can be
installed on any Windows software. The choice of an application that is commonly called
flash is due to its easy use and relatively comfortable use for novice product developers. At
this development stage, input was obtained from experts regarding the mechanism for
presenting the discussion of answers and determining levels. Initially, this F2Q product was
developed by presenting a discussion of questions after the students chose the answer to the
questions. However, according to commentators, the discussion of questions should be put at
the end after the score appearance.

In addition, on the homepage display, there is also a change, that initially there was a
presentation of material for reviewing the knowledge of students which was eventually
eliminated and replaced with a level presentation of the F2Q product levels. Meanwhile, the
trial conducted by some undergraduate students of Physics Education at State University of
Malang who was currently teaching Computer-Based Assessment courses in 2019 stated that
the development of this F2Q product needed to be further developed, so that it could be
disseminated more easily.

The research, which begins with the stage of reviewing information from various
literature, aims to provide initial information or obtain preliminary data from existing needs in
the field. From the results of the literature study, it was found that many students still
experienced misconceptions in solving questions. Not only that but students also often find it
difficult to do questions, especially questions at the HOTS level. In addition, there are reasons
that explain that most students do not understand the basic concept of friction force [27], [28].
The difficulties experienced by students in understanding the basic concepts and solving the
friction force problem, among others, are determining the direction of the force and not
understanding the concept of Newton's law [6]. Based on the results of the research that had
been conducted previously, the data on the test results of students were below the minimum
score.

The average score of students' daily tests on friction force material is 38 from the
maximum value of 100 [29]. Not only students at the high school level who have problems
with friction force material, but university students also often experience difficulties [5].
Based on data obtained from literature study activities, it can be concluded that students need



a tool to improve their understanding of the friction force material [30], [31]. These tools can
be obtained from the development of learning media in the form of a collection of questions
that can make students understand more about the material. In addition, you can also use a
learning model that can push students to better understand this friction force material, such as
the Causal-thinking Approach (CTA), Problem-solving Ability (PSA), and inquiry learning
models [11], [32]. In addition, it can also use props to help understand basic concepts during
practicum [33], [34].

Based on the data on problems and needs obtained from the defined stage, the next stage,
design, is carried out by the product design process. The product design of a collection of
questions that are equipped with solving this problem is labeled Friction Force Quiz (F2Q). To
find out the increase experienced by students in solving problems, this F2Q product has a
different problem difficulty level at each level. This F2Q has three levels: the first level with
the problem difficulty level at the basic stage, the second level at the medium stage, and the
third level at the question difficulty level at the advanced stage. In this third stage, questions
are presented at the HOTS level, while at the previous level it is at the level below HOTS or
just basic questions that require conceptual understanding.

Programs developed for kinetic friction material are still rarely found, especially
programs that provide enrichment questions such as those in F2Q. Most of the instructional
media developers in this material are engaged in making tools, such as practicum tools.
Meanwhile, enrichment questions generally come from books or a collection of questions
provided by the teacher. Using the HOTS level enrichment questions presented in the F2Q
program helps students understand the kinetic friction material.

4 Conclusions

This study produces a product that can help support student learning evaluations called
F2Q. This Friction Force Quiz is designed not only to help with evaluation activities but also
to help provide understanding to students. The F2Q contains a range of enrichment questions
from low to high levels. The highest level of questions in the F2Q program is at the HOTS
level. Apart from presenting enrichment questions, this program also presents a discussion of
questions equipped with interesting animation, this discussion is located at the end of each
level. This product is recommended as a complement in delivering the friction force material
at the evaluation stage of learning material. Then, this product is only limited to the
development, not yet at the dissemination stage. This is because this product is still being
developed to make it more perfect so that students can access it in the Playstore. Because at
this time, F2Q products can only be disseminated using WhatsApp and Google Drive.
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