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Abstract

Experts and students frequently use force diagrams as a physics representation to understand the
force concept. This study aims to develop and validate a force diagram representation test that
physics teachers in senior high schools can use. Research and development is implemented in
this study by following some steps: analyze, define, design, implement, and evaluate. The 225
senior high school students in Pontianak are involved in this study, from the pilot study to the
testing on a large scale. Data analysis includes measuring content validity, reliability index, and
parameters of the test using the Rasch model. The test consists of 25 items in a multiple-choice
format that cover three contexts: horizontal plane, inclined plane, and hanging object, and covers
three situations, including the object being at rest, moving with constant velocity, and moving
with constant acceleration. The results show that the content validity test obtained a score of
0.95 for the very good category, and the readability index results obtained a score of 7.42, which
means it is easily understood by high school students. Rasch analysis shows that a
unidimensional percentage is 30.5%, which means the test is able to measure one ability, and
item reliability is 0.98. All items fit the Rasch model and had varying item difficulties. This
study indicates that the force diagram representation test (FDRT) can be used by teachers as one
of the instruments to measure students’ understanding of force.

Keywords: force diagrams, representations, Rasch analysis
INTRODUCTION

In physics, representations such as text, pictures, tables, graphs, diagrams, equations and others
(Bollen et al. 2017) are generally used to visualize concepts. Someone who can interpret
representations and is able to transform one form of representation to another form is to have the ability
of representation or multi-representation (Klein et al. 2017). This ability is very useful in learning
physics because it can help students to understand physics concepts (Scheid et al. 2019), help to solve
problems (Hamdani et al. 2019), and help students to get meaning from learning (Adawiyah & Istiyono
2021). As such, the representation ability constitutes as one of the important abilities that must be
possessed by someone who is studying physics.

The concept of force is one of the physics topics studied by the students studying at the high school
level. The application of force concept is often encountered in everyday life and can be understood
through several forms of representation, one of which is force diagrams. The force diagrams as one of
the diagrammatic representations are studied by students for the reason that it is easier to use in
understanding the physical situation than abstract problems (Opfermann et al. 2017). Furthermore,
force diagrams are used in problem solving because it helps describing the forces involved as well as
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predicting the motion of an object (Garcia-Llad6 and Lépez 2020). Next, the force diagrams are used
as a link to further the finishing steps such as the use of mathematical equations to find the unknown
guantities (Vignal and Wilcox 2022). Therefore, the techniques in describing force diagrams need to
be learned by students in order to be able to well solve the questions about force (Linuwih et al. 2020).

The effectiveness of using force diagrams in solving questions about force has been performed by
Rosengrant et al. (2009). The research involved two groups of students, namely the group that
emphasizes the use of force diagrams (experimental class) and the group that places less emphasis on
the use of style diagrams (control class). The research results showed that students from the
experimental class spontaneously used force diagrams when solving multiple choice questions and
getting better results if compared to students from the control class. This proves that the problems
originally represented in the type diagram will be easily solved in terms of problem solving (Maries
and Singh 2018). Therefore, the use of force diagrams really helps students in solving various
guestions.

In improving the diagram representation ability, there are various learning activities that can be
applied by educators such as multi-representation based learning (Sirait and Silitonga 2016) which
focuses on visualizing the physics concepts with different representations. Inquiry learning is
implemented to train students’ critical thinking with representations (Amanati et al. 2020). Science,
Technology, Engineering, and Mathematics (STEM) apprroach develop students’ represenations kills
in learning Newton’s laws (Mulyana et al. 2018). Besides, it is also necessary for the educators to pay
attention to the tests used in investigating the force diagram representation ability. This is so as the test
used in the evaluation of learning outcomes must be able to measure the concept being measured so
that educators know students’ understanding on the concept being tested (Adom et al. 2020). Several
studies have been carried out on the test of force diagram representation by previous researchers. The
research by Aviani et al. (2015) had developed the Free Body Diagram Test (FBDT) to explore
students' understanding of force diagrams. It was a two-tier format that tested several contexts such as
a rough plane, an inclined rough plane, mathematical swing, and circular motion. However, the number
of questions was still limited as it did not include the context in which the object is connected to the
pulley. Other research from Sirait et al. (2023) developed the Force Representational Competence Test
(FRCT) to explore students’ understanding of the concept of force through the use of representation
force diagrams, mathematical representations, and verbal representations. The context tested in this test
consists of a rough plane and a rough inclined plane and is assigned to college students. Then, this
research is still in the pilot study stage so it cannot ensure as yet of good quality items. This is seen
from several questions that have a low value of discrimination and a high level of difficulty indexes so
that it requires further follow up.

Development of force diagram representation test especially for Senior High School still lacks its
availability as a measuring tool for evaluating learning outcomes about such representation. Therefore,
further development is needed, considering the importance of using force diagrams as a bridge in
connecting with other representations (Sirait 2021). This study aims to develop and validate the force
diagrammatic representation tests through a series of development procedures. The differences
between this test and the previous test are the various contexts used, the number of students for data
collection, and using Rasch model for analysis. The context varies such as horizontal plane, incline
plane, hanging block, horizontal pulley, incline pulley, and Atwood machine are applied to this test.
Then, the state of each context is divided into stationary and movable (such as constant velocity and
acceleration). In developing this force diagram representation tests, the multiple- choice test format is
used because it is easy to make an assessment, can be applied on a large number of students, and easy
to find correct answers in a short time (Febriana 2019). The characteristic analysis in this study is also
different from the previous research for the reason that there are some added parameters such as
readability index analysis and Rasch models.

METHODS
This study involved 225 students (81 boys and 154 girls) from three high schools in the city of

Pontianak. The determination of the sample in this study was carried out by means of purposive
sampling to obtain samples based on the categories of high school, medium, and low. This is
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determined by considering the academic score of students according to the results of the National High
School Physics Examination for the 2018/2019 Academic Year.

Research and Development (R&D) with the ADDIE development model (Analyze, Design,
Develop, Implement, Evaluate) (Branch 2009) is used to develop Force Diagrams Representations Test
(FDRT) adapted to the steps in preparing this test (Mardapi 2017). The steps for developing this test
are shown in FIGURE 1.
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s |
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FIGURE 1. Development Procedures of FDRT

In the analysis stage, some data such as problem, student audience, documents and needs to consider
are analyzed when designing the required tests. In the design stage, it defines several important factors
in the initial test design, such as the objective of a measurement test, the format and test length, and the
test grid. At the develop stage, it involves validating the tests, calculating readability metrics for the
tests, and performing test studies. At the implement stage, tests are given to larger samples. At the
evaluate stage, student feedback is analyzed using the Rasch model.

The data collection tools in this study used validation tables, questionnaires, and tests. The
validation board is given to validators to receive suggestions to improve the developed test. In addition,
the questionnaire is distributed to the students at the stage of testing the experimental qualitative test
(experimental study) to obtain the candidate's answers to the given test. Finally, the test is used to elicit
student responses, which can be used to analyze the item's characteristics across multiple parameters.

The analysis technique in this study consisted of content validity, readability index, and parameters
of the Rasch model. First, the content validity test of a test is calculated using the Aiken Index which
is mathematically formulated as:

s
nic—1)’

s=r—1I (D)

where r is the score given by the validator, bing the lowest validity score, ¢ is the highest validity
score, and n is the number of validators. The interpretation of the value of content validity is presented
in TABLE 1.
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TABLE 1. Content Validity Interpretation

Value Interpretation
0.81-1.00 Very high
0.61-0.80 High
0.41-0.60 Enough
0.21-0.40 Low

0.00 —0.20 Very low

Secondly, the readability test index of the items is calculated using the formula from Smith (1961)
which is mathematically formulated as:

RI=1.56W; +0.195; - 6.49 (2

Where 77} is the average word length and S; is the average sentence length. As for the index criteria
legibility, it is divided into two, namely Rl < 6 shows the text presented in the item questions can be
understood by junior high school students while an RI score of > 6 indicates the text presented on the
items can be understood by senior high school students (Mahmuda 2011).

Finally, the Rasch model analysis of the characteristics of the items consists of several parameters
including unidimensionality, reliability, item suitability level, wright map, and level item difficulty.
These parameters are the last evaluation in the development of this test before being completely
reassembled. Analysis of the Rasch model in this study was analyzed using Winstep version 5.1.4. The
criteria for each parameter of the model Rasch is presented in TABLE 2.

TABLE 2a. Item Eligibility Criteria from the Rasch Model

Eligibility Aspects from the

Rasch Model Description
Unidimensionality Percentage of “raw variance explained by measure” > 20%.
Person and Item Reliability Weak :<0.67
Pretty Good :0.67-0.80
Good :0.81-0.90
Very Good :091-0.94
Special :>094
Wright Map Describe the distribution of persons and items over the map.
Item-fit 0.5 > MNSQ > 1.5, for Infit dan Outfit MNSQ
—2.0 > ZSTD > 2.0, for Infit and Outfit ZSTD
Item-measure Very difficult : measure logit > SD logit
Difficult : 0 < measure logit < SD logit
Easy : —SD logit < measure logit <0
Very Easy : measure logit < —SD logit

RESULTS AND DISCUSSION
Analyze Stage

The steps taken at this stage include: gap analysis, participant analysis students, material analysis,
and needs analysis. Gap analysis is done to identify problems regarding the force diagram
representation test. This analysis is done by collecting preliminary information from previous literature
studies. The results of the literature study show that there are two tests which has been previously
developed by previous researchers. Firstly, the Free Body Diagram Test (FBDT) developed by Aviani
et al. (2015) has 12 items where the value of reliability is 0.78. Secondly, Sirait et al. (2023) developed
the Force Representational Competence Test (FRCT) which has 30 items and the index of reliability is
0.80. Both FBDT and FRCT are intended for university level. Thus, there is still a lack of availability
of representation tests force diagram as a measuring tool in evaluating learning outcomes at the high
school level so that it still needs further development.
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Student analysis was carried out to determine the sample of the testees in this research. Students
who participated in this study were divided into pilot study groups and the main study group. The
sample participating in this pilot study group was grade X students of a science class and the sample
who participated in the main study group was 225 students (81 boys and 154 girls) from three different
schools. The students involved in this study had studied the concept of force before.

A materials analysis was performed to identify the concepts used during test development. The
concept of force constitutes the subject matter that grade X students of even semesters have studied
and includes sub-topics such as Newton’s laws, different forces, and their applications. However,
understanding this concept requires an understanding of how to define a movement-oriented force of
action. Thus, force diagrams play a role in conceptual understanding and problem solving. A needs
analysis is performed to determine the type of product needed based on the results of gap analysis,
student analysis, and literature analysis. On the basis of these three analyses, a specialized test is heeded
to measure the ability of high school students to express the force schema.

Design Stage

The design stage is the second phase of this research done to develop test specifications. The steps
in this phase are: defining the test objective, defining the test format and duration, defining the test
grid, and writing the test. This test is intended to assess the ability of high school students to express
force diagrams. At that time, the test form used was a common multiple choice question because it was
easy to evaluate, could be tested on a large number of students, and was easy to correct. The length of
the test is designed to be 25 questions in 60 minutes. The indicators and test context are shown in
TABLE 2. Then, examples of test items are presented in FIGURE 2. This question is about two blocks
are connected with rope where the first block is on the frictionless surface and the other is hanging out
on the rope. Students are asked the forces acting on the two blocks by selecting the appropriate of force
diagrams.

TABLE 2b. Contexts and indicators of the FRDT

Context Indicator Item
Horizontal Determine the appropriate force diagram for objects that stay on smooth and 1,5,6,7
plane rough flat surface

Determine the appropriate force diagram for objects that move at constant speed 8
on a rough flat surface
Determine the appropriate force diagram that move at constant accelerationona  2,3,9
smooth and rough flat surface
Determine the appropriate force diagram for the system that moves in the context 19,20
of horizontal pulley

Inclined plane  Determine the appropriate force diagram for objects the rest on a smooth and 10,13
rough inclined plane
Determine the appropriate force diagram for object that slide at a constant speed 14
on a rough inclined plane
Determine the appropriate force diagram for objects that move at constant 11,12,15
acceleration on a smooth and rough inclined plane
Determine the appropriate force diagram for the system which stationary and

moving for the context inclined pullet 21,22,23
Hanging Determine the appropriate force diagram for objects that hanging and stationary 16
block Determine the appropriate force diagram for objects that move at constant

acceleration subjected to the pull force 17,18

Determine the appropriate force diagram for objects that moves in the context of
the Atwood machine
24,25

Develop Stage

The development stage is the third phase of research done to validate the tests. The steps in this
phase are to validate the test theoretically and validate the qualitative empirical test. Validating a
theoretical test is done by validating the test content and calculating the readability index. Content
validity is an objective parameter that ensures the accuracy of test equipment content and describes the
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overall learning content and learning objectives (Sudijono 2016). In other words, tests that can reveal
the content of the concepts they are trying to measure have a high level of content validity (Febriana
2019). Content validation is performed in two phases. That is, the first phase was validated by his two
expert verifiers of a physics education lecturer, and the second phase was validated by her three panel
verifiers of his SMA physics teacher. This process was performed to obtain test improvement
suggestions and scores from validators for analysis. Based on the validation results, the validator makes
various suggestions for testing. First, an expert reviewer suggested providing a stylized vector arrow
length description that has the same meaning as the style value, so the description was added to the
guestion instructions. Additionally, the panel validator provides suggestions for replacing the word
"situation" in the interrogative sentence. All of these are unfamiliar elements for high school students,
so | will replace them with the word "conditions.” In other proposals, the arrow component of the
gravity vector has not been previously expressed, so we need to decompose the arrow component of
the gravity vector in the inclined plane context. Participants are encouraged to identify the direction of
object motion solely by the magnitude of the force vector arrow.

19. Two block A and B are connected with the rope through a pulley. Block A is placed on the frictionless surface meanwhile
block B hangs out at the edge of the rope. Which the following force diagrams correctly shows the forces acting on the two
blocks? - - -@

A. Na B. Na C. Na D. Na
- L A - B

1 g "y “:B iy

FIGURE 2. Example Of Item

Based on the validation results, the validator provides some suggestions regarding the test. First,
the validator expert recommends presenting a description of the force vector arrow length with the
same meaning as the force value so that the description will be added to the question instructions. In
addition, the validator suggested replacing the word "situation™ in the interrogative sentences of all
items because high school students are not familiar, so the word "situation™ should be replaced with
the word "condition". Other suggestions are the need to construct gravity vector deviation components
for inclined plane contexts since the design of gravity vector deviation component has not been
presented before. Have students participate in determining the direction of motion of an object simply
based on the size of the arrow of the force vector.

In addition to obtaining suggestions for improvement, the validator also evaluates validity test
contents. The score obtained from the validator has been analyzed using an Aiken based index aspects
of material, construction, and language. As for the calculation results for the material aspect, the Aiken
index is obtained to have an average of 0.95 for the very good category. This score means that the
material put on the test is in accordance with the basic competencies and subject matter, appropriate
with question indicators, and are in accordance with the objectives of the measurement. Next, the
calculation results of the construction aspect obtained an average Aiken index of 0.93 for the very good
category. This score means that the questions have been formulated briefly and clearly, the images
presented can be seen clearly, and have the most appropriate choice for answer. Then, the calculation
results for the language aspect obtained an average Aiken index of 0.98 for the very good category.
This score means that the item uses the correct grammar in accordance with the rules, communicative,
and does not lead to multiple interpretations. Item 10 has the lowest index because the component of
weight force is not drawn. Based on the three aspects, the overall Aiken average index is 0.95 for the
very good category. Finally, the content validity value of each item is presented in FIGURE 3.
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FIGURE 3. Content Validity Results

After the items are calculated for the validity value of their contents, then the items are calculated
for their readability index. Readability index is a parameter that shows the ease of reading in
understanding a text (Oyzon et al. 2015). The question text is an easy item understood by students
depending on their level of education, namely RI < 6 for Junior High (SMP) and RI > 6 for Senor High
(SMA) level (Mahmuda 2011). The item readability index is calculated using the formula from Smith
(1961). The calculation results show that the average readability index obtained at 7.42. Furthermore,
the readability index results for each item are within the range of 6.03—8.93 as shown in FIGURE 4.
This score means that all the items in the test have a readability index that is appropriate and easily
understood by Senior High School students. Therefore, no elements are discarded or modified and all
are to be used for further analysis.
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FIGURE 4. Readability Index Results

A qualitative empirical test validation was performed by conducting a pilot study. The purpose is
to obtain the student's test answers through a questionnaire. Responses investigated in the pilot study
included temporal, processing, conceptual, questioning, and stimulus aspects. The student's responses
to the test indicate that the allotted time, 60 minutes, is sufficient to answer all the questions. In addition,
the question text instructions are clear, there are no terms to obscure the students, each question is easy
to understand, and the suggestions (pictures and style charts) are clearly presented. Therefore, the force
diagram representation test can be used for large-scale trials (main trials).
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Implement Stage

The implementation stage is the fourth phase of this research and is carried out to extensively pilot
previously validated tests. The test will be conducted offline to 225 students from 3 different in
Pontianak. Students were given 60 minutes to solve the test. The results obtained in the trial test are
data on the reactions of the students when working on the force diagram representation test.

Evaluate Stage

The evaluation phase is the final phase of the study and is aimed at characterizing the available
elements based on the Rasch model. The type of data used in this study is dichotomy data analyzed
using the Winstep program version 5.1.4. The parameters used in analyzing element properties include
uni-dimensionality, reliability, suitability element, difficulty element and Wright map.

Uni-dimensionality indicates that the developed test can only measure one ability alone (Planinic et
al. 2019). Uni-dimensionality has the same meaning as validity construct. The value of uni-
dimensionality is shown by the raw variance explained by measures, namely a percentage of more than
20% is required (Darmana et al. 2021). Based on the results of uni-dimensionality from the Winstep
program, the raw variance explained by measures is 30.5%. This matter indicates that the test
instrument is valid only to measure a single ability, namely force diagram representation.

TABLE 3. Rasch analysis of FDRT

Item Total Correct Item-Fit
Number Answer Item Measure Infit Outfit Infit Outfit PMC
MNSQ MNSQ ZSTD ZSTD
1 181 -1.41 0.93 1.10 -0.68 0.63 0.35
2 203 -2.29 0.93 1.33 -0.34 1.15 0.26
3 80 0.93 0.87 0.83 -2.03 -2.03 0.52
4 83 0.86 0.94 0.91 -1.04 -1.08 0.46
5 64 1.32 0.79 0.77 -3.01 -2.20 0.58
6 147 -0.52 0.97 0.91 -0.56 -0.87 0.41
7 63 1.34 0.83 0.83 -2.38 -1.56 0.54
8 128 -0.10 1.06 1.11 1.14 1.40 0.32
9 124 -0.02 0.90 0.85 -2.03 -2.06 0.50
10 201 -2.19 1.01 1.07 0.09 0.34 0.22
11 208 -2.59 0.94 0.59 -0.21 -1.33 0.31
12 184 -1.51 0.98 0.88 -0.14 -0.61 0.33
13 142 -0.43 1.14 1.46 2.35 4.46 0.18
14 105 0.38 1.09 1.09 1.66 1.26 0.31
15 163 -0.91 1.05 1.22 0.71 1.70 0.26
16 94 0.62 0.90 0.87 -1.85 -1.80 0.50
17 83 0.86 0.96 0.96 -0.64 -0.39 0.43
18 128 -0.02 1.13 1.12 2.38 1.55 0.27
19 81 0.91 1,07 1.11 1.13 1.26 0.32
20 125 -0.04 1.24 1.41 4.29 4.92 0.13
21 133 -0.21 0.97 0.94 -0.55 -0.71 0.42
22 65 1.29 1.04 1.12 0.61 1.08 0.33
23 48 1.76 0.96 0.86 -0.38 -0.95 0.41
24 82 0.89 1.06 1.13 0.91 1.52 0.33
25 70 1.17 0.98 1.04 -0.28 0.39 0.39

e-Journal: http://doi.org/10.21009/1



JPPPF (Jurnal Penelitian dan Pengembangan Pendidikan Fisika) Volume 9 Issue 2, December 2023
p-ISSN: 2461-0933 | e-ISSN: 2461-1433 191

INPUT: 225 Person 25 Item REPORTED: 225 Person 25 Item 2 CATS WINSTEPS 5.1.4.0

MEASURE Person - MAP - Item
<more> | <rare>
3 +

pa

The most able

l
|
I
l
|
|

students
T
#T
2 +
:
e The most difficult item

22 5 7
#HHHeE S|S 25

|
|
|
|
|
|
|
|
|
|
|
|
1 # +
| 17 19 24 3 4
JHnae |
|
HHE | 16
|
g | 14
|
CHHEHEE M|
|
e JHEHEE M 20 9
| 18 8
#H | 21
|
| 13
I | 6
|
#iH S|
|
Hg | 15
-1 +
|
S
|
| 1
#0012
T|
|
|
-2 +
|
| 1@
| 2
The least able |7
student |
|
|
]l The least difficult item
-3 +
<less>|<freq>
EACH "#" IS 3: EACH "." IS 1 70 2

FIGURE 5. Wright Map

Reliability indicates that the developed test can provide consistent measurement results (Febriana
2019). Reliability in the Rasch model is divided into person reliability and reliability items. Person
reliability is analogous to Cronbach's Alpha, which consistency shows the test takers when given test
instruments that measure the same construct, while item reliability shows the consistency of the items
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being measured (Planinic et al. 2019; Bond et al. 2021). From the reliability results of the Winstep
program, the person reliability of 0.70 is in the fairly good category, and the item reliability of 0.98 is
in the special category. This shows that the consistency of students in answering the test is sufficient
well and the quality of the items in the test can measure the ability of the diagrammatic representation
of the students very consistently.

The suitability level of the items (item-fit) indicates whether the items can perform well during the
measurement (Sumintono and Widhiarso 2015). The suitability of the items in the Rasch model
determined by the MNSQ Infit and Outfit and ZSTD Infit and Outfit scores (Bond et al. 2021). Based
on the item-fit results in TABLE 3, it shows that some of the items are in accordance with the Rasch
model, except for item numbers 3, 5, 7, and 9 which have a ZSTD value below -2 as well as item
numbers 13, 18, and 20 which have a ZSTD value above 2. However, in the case of item-fit in
particular, the ZSTD value can be more than the limit because ZTSD is very sensitive to the sample
amount so that it can be tolerated if the MNSQ value indicates a match against the measurement (Susac
et al. 2018; Amelia 2021; Cvenic et al. 2022). Based on TABLE 3, item number 3,5, 7, 9, 13, 18, and
20 have reasonable MNSQ Infit and Outfit values based on their provisions in range 0.5-1.5 so that it
is considered suitable in measurement and in accordance with the Rasch model. So from that, all items
are said to be appropriate and no items are revised or removed.

The Wright map shows the distribution of students' abilities and the distribution of levels difficulty
of the items (Sirait 2023). The Wright map on the right shows the distribution of abilities students to
the representation of force diagrams, where the distribution is based on value logit from person
measure. Based on FIGURE 5, it was found that 119 samples (52.8%) were having sufficient
understanding of the force diagram because the logit measure value is larger than zero, and found that
106 samples (47.1%) had a low understanding of diagrams force because the logit measure value is
smaller than zero. Furthermore, three people were tagged with "#" has a logit value of 2.92 indicating
that they had the highest ability where they could almost answer all the questions correctly, and one
person who was marked by "." having a logit value of —2.12 indicates that he had the lowest ability but
could answer some questions correctly.

The Wright map on the right shows the distribution of the item difficulty levels, where the
distribution is based on the logit value of the measured item. The level of difficulty of the items (items-
measure) shows the ease and difficulty of the item based on the total score of the correct answers
(Hamidah and Istiyono 2022). Based on the map, the items that were the most difficult to work on by
students were indicated by item number 23 with a logit value of 1.76. This matter discusses the context
of the inclined pulley for a beam that hangs downwards and a block on an inclined plane moves up to
the top. The logical reason most students got this question wrong is that they didn't pay attention to
carefully measuring the string tension arrows that were supposed to match. TABLE 3 also shows that
only 48 of 225 students (21.3%) answered these questions. Additionally, the easiest task for students
to tackle is identified by task number 11 with a logit value of -2.59. This item discusses a sliding block
on a smooth inclined plane. Item number 11 can almost be answered by all students, namely as many
as 208 of 225 students (92.4%).

The difficulty level of each item in detail can be observed in TABLE 3. A good test is characterized
by items that are neither too easy nor too difficult for students (Febriana 2019). As a result of the item
distribution, 4 items are in the very difficult category (numbers 5, 7, 22, 23), 8 items are in the difficult
category (numbers 3, 4, 14, 16, 17, 19, 24, 25), 8 items (numbers 6, 8, 9, 13, 15, 18, 20, 21) are in the
easy category and 5 items are in the very easy category (numbers 1, 2, 10, 11, 12). Based on the
difficulty distribution of each item, it could be said that the items in this test have different difficulty
levels. This means that there are not too many difficult or too easy questions. The evaluation results of
the Rasch model as a whole show that the force diagram representation test (FDRT) has good item
characteristics in terms of uni-dimensionality, reliability, the level of suitability and the level of
difficulty of the items so that the test could be corrected and assembled into a complete test.

CONCLUSION

Data analysis indicated that the force diagram representation test (FRDT) was applicable. This is
evidenced by the enormous value of content validity based on material aspect, structure and language.
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Furthermore, the high readability index indicates that high school students can correctly grasp and
process information from the text of each item. Finally, the results of the analysis of the Rasch model
also shows good results where this test has sufficient strong constructs in measuring force diagram
representation abilities, well-performing, consistently measurable, and varying difficulty components.
This research can be further developed for tests that measure multiple presentation skills.
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