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Assessment in education is part of collecting and processing various information related 
to student achievements during learning. Good learning quality can be seen from the 
quality of the assessment. Assessment activities that help educators to find out the 
difficulty of students on a learning material so that it can be guided to achieve 
completeness criteria, namely by diagnostic tests. The assessment carried out must follow 
21st-century learning that is integrated with the industrial era 4.0, namely how to diagnose 
difficulties related to the representation ability of students in physics learning by utilizing 
assessments that have advantages in detecting student difficulties and giving suggestions 
for appropriate improvement. The purpose of this research was to develop a test 
instrument (PhysDTRA) that could be used to diagnose students' mathematical 
representation abilities in high school physics learning. The results of the research were 
analyzed quantitatively and qualitatively using Item Response Theory (IRT). Based on 
the content validity, the PhysDTRA instrument was declared to be valid according to the 
expert judgments who were analyzed using the Aiken's V equation. All items in the test 
instrument were valid based on the Rasch, INFIT MNSQ, and INFIT t models. The 
PhysDTRA instrument has also been relied upon based on the reliability of the estimated 
items and TIC curves so that it can be used to diagnose and determine the profile of 
students' mathematical representation abilities. Thus, the PhysDTRA instrument 
developed has fulfilled the test characteristics that are feasible of its content, empirical 
evidence, validity, and reliability. 
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Introduction 
Education carried out through the learning process will increase student competency if held interactively, fun, and 

motivating. Education requires feasible planning in learning, implementing the learning process, evaluating the 

learning process, and monitoring the learning process. The best learning process will form intellectual ability, think 

critically, and stimulate creativity and behavior or personality changes based on specific practices or experiences. 

Everything aims to improve the good quality, efficient, and effective education. This is supported by Minister of 

Education and Culture Regulation No. 22 of 2016,  which explains that each learning process aims to achieve graduate 

competencies, which means the graduate competency standards provide a conceptual framework regarding the 

learning objectives that must be achieved including the aspects of student competencies. 

The low quality of education has become a big problem in Indonesia, therefore it is necessary to have a decent 

education that is of good quality and can compete internationally (Tumanggor et al. 2020). Learning activities are not 

just ordinary interactions with students, but through procedures that have been prepared from various aspects and 

planned according to the basis and rules of learning (Liang et al. 2012; Wilcox & Pollock, 2015). Thus, students will 

get a good education and references from various types of questions or materials that have been prepared by the 

teacher as well. 
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Learning the Industrial Revolution 4.0 can assemble the latest approaches to learning physics in combining the 

three important things that are pedagogic, applied science (Technology), as well as synergistic physics content in the 

utilization of information known as TPACK. The use of technology has a deep influence on students because 

technology is an effective intellectual tool for example is learning that is supported by the web or online that is easily 

accessible and accepted by students (Sadaghiani, 2011; Yeh et al. 2016). 

Learning success is measured by assessment activities. Assessment can be used as a sign or evidence of an ongoing 

process so that it is comprehensive (Atkin & Coffey, 2003; Darmawan et al. 2020). Assessment is closely related to 

evaluating the ability of students to achieve learning objectives. Assessment instruments are used to measure the 

abilities of students, one of the assessments is to use tests (Loewenthal & Lewis, 2018). Assessment instruments such 

as test instruments must be developed with exact planning as a strategic step to solving physics problems (Adams et 

al., 2015; Gurcay & Gulbas, 2015; Kirschner et al. 2016). One way educators measure how students' level of 

understanding of a subject is by providing a diagnostic assessment (Gurel et al. 2015; Tumanggor et al. 2020; Volfson 

et al. 2018). The application of diagnostic assessments in learning will be the teacher's reference to ensure teacher 

achievement and progress in explaining the material that has been taught (Nitko & Brookhart, 2011; Pujayanto et al. 

2018). Facts on the field show that there are still many teachers who do not understand the diagnostic assessment 

instrument model (Pujayanto et al. 2018). Based on observations at several high schools in the Special Region of 

Yogyakarta, diagnostic assessments are seldom carried out in the learning process because standardized test 

instruments to measure ability and detect student difficulties are not available. There is also an assessment only limited 

to ordinary tests without any improvement process. 

The important ability in learning in the 21st century as a step in solving physics problems is the ability to use a 

representation format (Ibrahim & Rebello, 2012). Format representation is a way that can explain information during 

the problem-solving process (Docktor & Mestre, 2014; Krawec, 2014; Tumanggor et al., 2019). One format of the 

representation that can be applied is a mathematical representation (equation) in the concept of physics (De Cock, 

2012). Mathematics is considered as the language of physics, many physics concepts are expressed in mathematical 

equations (Pospiech et al. 2016). Physics learning needs to include the conversion of physics modeling into 

mathematical modeling (for example, functional relations) and interpretation of mathematical models for physics 

(Treagust et al. 2017; Uhden et al. 2012). Mathematical representation is generally used by students in solving physics 

problems. Therefore mathematics and physics have a close relationship in learning. 

The results of the PISA 2018 evaluation (Programme for International Student Assessment) explain that the Indonesian 

state has decreased the level of student ability for three aspects measured when compared to the PISA 2015 evaluation, 

and one of three aspects is the mathematical ability (OECD, 2019). This evaluation is in line with the empirical 

experience in the field, students' ability to solve problems mathematically is still not good enough in applying 

mathematical equations to physics problems. Students have obstacles in understanding and converting mathematical 

language to physics, barriers to understanding the value of mathematical representations, and barriers combining the 

relationship between mathematical representations to physics concepts (Zhe, 2012). This is similar to research 

conducted by Adlina & Supahar (2019) which states that students have difficulty understanding mathematical symbols 

and equations in physics. One of the important things in solving physics problems is the ability of students to combine 

mathematical symbols and structures with their intuition and numeracy knowledge (Bing & Redish, 2014; Bollen et al. 

2017; Ceuppens et al. 2018; Docktor et al. 2016). Therefore, it is necessary to develop an assessment in the form of a 

test instrument to diagnose the mathematical representation ability of students so that appropriate treatment can be 

given to improve it. The operational framework for developing a diagnostic test instrument for mathematical 

representation ability can be seen in Table 1 
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Table 1.  

Synthesis Results for The Development of Test Instruments  

Theoretical Framework Conceptual Framework Operational Framework 

Mathematical representation 

has an important influence on 

learning physics. The structure 

of physics uses mathematical 

models to explain the 

relationship between variables 

systematically (Niss, 2016; 

Treagust et al. 2017). 

 

The mathematical 

representation ability is often 

used in solving physics 

problems and is represented in 

different ways-verbal, sketch, 

diagram, graph, and equation 

(Heuvelen & Zou, 2001; 

Minarni & Napitupulu, 2017). 

 

Mathematical representation 

plays a role in improving 

students' understanding of 

concepts and solving abstract 

problems (Kriek & Koontse, 

2017; Pape & Tchoshanov, 

2001; Park & Choi, 2013). 

Albe et al. (2014) explained that indicators 

of mathematical representation emphasize 

the ability of students to determine, 

compare, and use equations to calculate 

and solve problems. 

 

Bing & Redish (2014) revealed the 

mathematical representation ability was 

also measured based on: (1) students' 

ability to use and determine variables, (2) 

then combine symbols and variables to 

form equations, and (3) solve problems 

using mathematical operations. 

 

Angell, Kind, Henriksen, & Guttersrud 

(2008) stated that there are several 

indicators in measuring the mathematical 

representation ability related to physics 

learning namely; how students connect 

between variables and determine the right 

equation, and carry out mathematical 

operations to develop or simplify 

equations.  

Mathematical representation is a 

format that describes equations or 

numbers related to problems. 

 

Based on the results of the synthesis 

and adapted to the Work and 

Energy material, the test 

instruments developed in this 

research using the following 

indicators:  

 Interpret variables according to 

concepts in the form of pictures, 

tables, diagrams, and graphs to 

solve problems.  

 Linking the variables contained in 

a problem in the form of pictures, 

tables, diagrams, and graphs to 

solve problems. 

 Operate the equation correctly in 

the form of numbers, symbols, 

graphics, or images in solving 

problems. 

 Conclude the conditions by 

operating mathematical equations 

to obtain results. 

 

Problem of Study 

The low level of mathematical representation ability in Indonesia based on the results of the 2018 PISA study is the 

focus of the Indonesian Government to evaluate and improve the quality of education. One of the things that are 

being reviewed by the Government is the improvement of the assessment system. Diagnostic assessment is an 

appropriate assessment to detect student weaknesses during the learning process. Besides, based on a summary of 

interviews and surveys with physics teachers in Yogyakarta, it is stated that almost all teachers have never heard of a 

diagnostic assessment or used it as an assessment in class. Therefore, this research is focused on developing a 

diagnostic assessment instrument called PhysDTRA (Physics Diagnostic Test for Mathematical Representation Ability). Based 

on the explanation of this information,  

• How is the feasibility of the PhysDTRA instrument that was developed to diagnose the mathematical 

representation ability of high school students? 

• The feasible instrument developed must meet the valid and reliable characteristics, and be able to determine 

the profile of student's difficulties in learning physics. 

Method 

Research Method 

This research is research development. The research method used is a combination of the 4-D model and the Oriondo 

& Dallo-Antonio development model. The stages of development are carried out with a 4-D development model 

consisting of 4 stages according to Thiagarajan (1974) namely Define, Design, Develop, and Disseminate. Oriondo & 

Dallo-Antonio (1984) development model which includes 1) Planning the Test, 2) Trying out, and 3) Establishing 

Test Validity, 4) Establishing Test Reliability, and 5) Interpreting the Test Score. This development procedure 

produces the PhysDTRA instrument shown in Figure 1. 
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Figure 1.  

Test Instrument Development Procedure 

The main product of this research is a test instrument that can be used to diagnose mathematical representation 

ability in high school physics lessons, especially Work and Energy. Data analysis techniques using qualitative and 

quantitative descriptive analysis. The qualitative analysis aims to see the construction of instruments through expert 

judgment. Quantitative analysis is used to determine the validity and reliability of the instrument. The draft instrument 

was created and developed into questions, and the test instrument was given to experts for content validity. The test 

instrument consisted of 36 multiple choice questions with cognitive levels ranging from C3 (applying) until C4 

(analysis). Then, 36 questions were divided into two coded A and B package questions, where each packet was 

prepared by considering the representation of each indicator measured from the mathematical representation ability. 

Each package consists of 20 multiple choice questions, including 4 questions as anchor items. 

Participants 

The test instrument was put into a trying out stage in March 2020 involving 296 students of class XI MIPA (Mathematics 

and Natural Sciences) from three high schools located in the Special Region of Yogyakarta, especially Bantul Regency. 

The three schools are SMA Negeri 1 Banguntapan consisting of four classes, SMA Negeri 1 Sewon consisting of four 

classes, and SMA Negeri 3 Bantul consisting of three classes. 

Data Collection  

Mathematical Representation Ability Test 
Instruments that have been developed by indicators of mathematical representation ability and item descriptions 

(Appendix 1) will be validated (content validity) through expert judgment using the instrument item review criteria 

(Appendix 2) (Pujayanto et al. 2018). The content validity of the test instrument is obtained by providing the test 

instrument developed to the experts for review. The assessment was conducted by seven raters, namely assessment 

experts, physics learning experts, physicists, two practitioners evaluating physics education, and two peer reviewers. 

The instrument readability test was also carried out by giving the instrument to ten students. The results of the content 

validation test and readability test are used to improve the instrument. The data obtained in this research are the 

content validation results through expert judgment on the developed test instruments. Then, the validity for empirical 

evidence is carried out at the trying out stage using the developed test instrument to obtain item fit and item reliability 

results. 

Data Analysis  

The content validity assessment of the test instruments was analyzed using Aiken's V formula. The coefficient of 

content validity was based on the judgment of the experts as much as the n raters could represent the construct of the 

measured item. Aiken's V index value is formulated in equation 1. 
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V =
∑S

[n(c−1)]
=

∑[r−lo]

[n(c−1)]
     (1) 

Description, 𝑛 is the number of raters, 𝑐 is the highest validity rating, 𝑙𝑜 is the lowest validity rating, 𝑟 is the number 

given by the rater (Aiken, 1985; Azwar, 2012). Based on equation 1, Azwar (2015) explained that the validation criteria 

value of the diagnostic test instrument for mathematical representation ability was divided into five criteria as shown 

in Table 2. 

Table 2.  

Criteria Value of Aiken’s V Validity 

Validity Value Category 

0.8 ≤ V ≤ 1.0 Very Good 

0.6 ≤ V ≤ 0.8 Good 

0.4 ≤ V ≤ 0.6 Acceptable 

0.2 ≤ V ≤ 0.4 Bad 

V ≤ 0.2 Very Bad 

Validity to show empirical evidence is obtained through analysis of item responses to test results in the form of 

dichotomous data. Dichotomous data were analyzed using Item Response Theory (IRT) according to the Rasch model 

or Partial Credit Model (PCM) 1 Parameter Logistics (1-PL). Analysis using the Quest and Parscale programs. The 

Quest program is used to determine the goodness of fit, reliability, and item difficulty index. The Parscale program is 

used to designate information functions and standard error measurement (SEM) (Supahar & Prasetyo, 2015). Adams  

& Khoo (1996) explained that items that fit or were categorized fit with the PCM model if the mean and standard 

deviation of INFIT MNSQ were between 0.77 until 1.30 and the INFIT t value was between -2.0 until 2.0. 

The reliability of the item estimate on the PhysDTRA instrument can be determined using the Quest program. The 

reliability results are known from the output data with the extension sh (.sh) in the Summary of Item Estimates section. 

Subali & Suyata (2011) states that the higher the reliability coefficient the more reliable the instrument and the smaller 

the possibility of errors. George & Mallery (2020) categorizes the reliability coefficients shown in Table 3. 

Table 3.  

Interpretation of Reliability Coefficient 

Reliability Coefficient Interpretation 

α ≥ 0.9 Excellent 

0.9 > α ≥ 0.8 Good 

0.8 > α ≥ 0.7 Acceptable 

0.7 > α ≥ 0.6 Questionable 

0.6 > α ≥ 0.5 Poor 

α < 0.5 Unacceptable 

The reliability testing of each item is determined using the Item Information Curve (IIC) and the Total Information 

Curve (TIC). IIC and TIC are obtained by processing data through the Parscale program. 

The category of measurement results of mathematical representation ability (θ) is interpreted in five scales 

according to Azwar (2012) which are very low, low, medium, high, and very high. The distribution category of 

mathematical representation capabilities is shown in Table 4. 

Table 4.  

Category of Mathematical Representation Ability 

Ability Range Category 

θ ≤ -1.5σ Very Low 

-1.5σ < θ ≤ -0.5σ Low 

-0.5σ < θ ≤ +0.5σ Medium 

+0.5σ < θ ≤ +1.5σ High 

-1.5σ < θ Very High 
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Description, σ is 
1

6
(maximum ideal scale – minimum ideal scale). The minimum ideal ability scale is -4 and the 

maximum ideal ability scale is +4. This is based on a logit scale of -4 and +4. Ability distribution can be known from 

the output file PH3 and SCO format in the Parscale program. 

Results 

A theoretical study was arranged to find out the indicators used in the mathematical representation ability. The 

development of this test instrument was adjusted to the subject matter of The Work and Energy and then divided 

into sub-materials namely the work, potential and kinetic energy, and the conservation law of mechanical energy. This 

research has synthesized indicators of mathematical representation ability of several experts, and the results of 

synthesis are shown in Table 5. Indicators of the items in each sub-material are adjusted with indicators of 

mathematical representation, some of which are; interpret the work done by a constant force, linking variables between 

the work and a varying force, operate the work equation on the block-rope system appropriately, conclude conditions 

based on the concept of the work in the inclined plane correctly, conclude conditions based on the energy concept 

and obtain the results of block displacement from mathematical operations using changes in mechanical energy. 

Table 5.  

Mathematical Representation Ability Synthesis Results 

Aspect Sub-Aspect Indicator 

Interpret Data 

Interpret Variables 
Students can interpret variables according to concepts in the form of 

pictures, tables, diagrams, and graphs to solve problems. 

Linking Variables 
Students can connect the variables contained in a problem in the form 

of pictures, tables, diagrams, and graphs to solve problems. 

Operationalize the 

Equation 

 

Operate Data 
Students can operate equations appropriately in the form of numbers, 

symbols, graphs, or images in solving problems. 

Formulate Results 
Students can conclude conditions by operating mathematical 

equations to obtain results. 

The content validity of the developed test instruments was reviewed by seven raters with four rating scales before 

testing the instrument. Based on the standard set by Aiken, the minimum standard of Aiken's V coefficient for this 

study is 0.76 with a probability of 0.045 (Aiken, 1985). The content validity was analyzed quantitatively and the results 

of the analysis are shown in Figure 2.  

 

Figure 2. 

Expert Validation Result with Aiken’s V Coefficient  
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Figure 2 shows all items between 0.86 to 1.00 and has exceeded the minimum of Aiken's V coefficient limits. All 

instrument items can be declared valid based on content validation analysis using the Aiken's V coefficient and all 

items are very good as referred to in Table 2. Results instrument readability test (in terms of language use and suitability 

of questions presented with physics material) involving 10 students showed good results without the need to be 

revised. Thus, this test instrument is feasible to use. 

Empirical evidence obtained from the trying out stage is in the form of dichotomous data analyzed according to 

the Rasch model. The trying out stage involved 296 students from high schools in the Special Region of Yogyakarta, 

especially Bantul Regency. 36 valid items are divided into two packages (Packages A and B). Each package consists of 

20 multiple choice questions, including four questions as anchor items (four package A items are similar to package B). 

Quest and Parscale programs are used to analyze empirical test results according to Rasch's IRT model. 

The results of the goodness of fit analysis can be seen from the INFIT parameters for Mean Square (MNSQ) and 

INFIT t  showing that the PhysDTRA instrument for diagnosing the mathematical representation ability meets the 

statistical fit criteria according to the Rasch model which is fully presented in Table 6. 

Table 6.  

Fit Statistics Test Parameter at 0.5 Probability Level 

No Test Parameter Items Estimation Cases Estimation 

1 Mean & Standard Deviation 0.00 ± 0.84 -1.79 ± 0.59 

2 Adjusted Standard Deviation  0.81 0.33 

3 
Mean & Standard Deviation of INFIT 

MNSQ 
1.00 ± 0.05 

1.00 ± 0.12 

4 
Mean & Standard Deviation of OUTFIT 

MNSQ 
1.01 ± 0.26 

1.01 ± 0.45 

5 Mean & Standard Deviation of INFIT t -0.02 ± 0.96 0.08 ± 0.52 

6 Mean & Standard Deviation of OUTFIT t 0.03 ± 1.11 0.09 ± 0.71 

7 Reliability of Estimate 0.95 

8 Mean Difficulty  0.00 ± 0.84 

The analysis result shows that the item's estimated reliability is 0.95, which means the test sample suitable the item 

tested and is very good as referred to in Table 6, or the sample provides consistent results and information as expected. 

The suitability map of 36 items with the Rasch model is shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  

INFIT MNSQ Distribution Value for each item in the FIT Model 
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Items or cases that have been tested are fit to the model if the MNSQ INFIT value is between 0.77 until 1.30 

(Hambleton et al. 1991). Based on Figure 3, it was stated that 36 items match the Rasch model, with INFIT MNSQ 

values of items between 0.80-1.20.  

 
Figure 4.  

Item Characteristic and Item Information Curve Number 7 

Figure 4 displays the level of validity of each item to measure students' mathematical representation abilities. Item 

Characteristic Curve explains the value of a = 0.612 as the distinguishing power of items and b = 0.528 as the difficulty 

level of items. The Information Curve item shows the value of information in item 7 of 0.27 for students who have 

the ability on a logit scale of 0.5.  

Test instrument reliability can be determined based on IRT using the total information function (TIC) curve and 

SEM. The Parscale program is used to obtain the TIC and SEM curves. The reliability of the instrument to measure 

students' mathematical representation abilities is shown in Figure 5. 

 
Figure 5.  

Total Information Curve (TIC) and Standard Error Measurement (SEM) Test Instrument 

Figure 5 explains that the PhysDTRA instrument for measuring mathematical representation ability is suitable for 

students who have the ability (θ) between -2.0 until 1.9 (-2.0 < θ < 1.9). The intersection point between the blue and 

red line curves shows that the PhysDTRA Instrument has a Total Information Function (TIC) as the reliability of 3.8 

and Standard Error Measurement (SEM) of 0.35. The greatest reliability is shown at the maximum point (blue curve 

line) of 8.0 with a standard error of 0.15.  
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One of the 36 items of the PhysDTRA instrument developed to diagnose students' mathematical representation 

abilities in the Work and Energy material is shown in Table 7. These items follow the cognitive level C4 (Analyzing) 

of A revision of Bloom’s Taxonomy. 

Table 7.  

Item Test Instrument to Diagnose Mathematical Representation Ability 

Item Indicator Question Item 7 

Presented a graph of the relationship 

between force and displacement, students 

are able to interpret the graph to determine 

the velocity of objects that undergo a force 

at a certain distance. 

The force experienced by an object with a mass of 8 kg, as shown in 

the figure below.  If at x = 4 m the velocity is 3 m/s, then the velocity 

at x = 12 m is ... m/s 

a. √3      b. √5   c. √10 *    d. √13     e. √15 

 

Diagnosis Suggestion 

If you choose A: Your Answer is Wrong 

The student has not been able to determine the variables that 

affect the Work on the object and has not been able to 

calculate the Work from the F-Δx graph so that errors occur 

when interpreting the Work variables with changes kinetic 

energy appropriately.  

If you choose B: Your Answer is Wrong 

The student do not understand the topics about Work done 

by changing the force and implemented in graphical form. 

If you choose C: Your Answer is Right 

The student can go to the next topics. 

If you choose D: Your Answer is Wrong 

The student has been able to calculate the Work from the F-

Δx graph but has not been able to determine the Work that 

is positive and negative so that errors occur when interpreting 

the Work variables with changes in kinetic energy 

appropriately. 

If you choose E: Your Answer is Wrong 

The student has not been able to determine the variables that 

affect the Work on objects and has not been able to 

determine the greatest positive value of the Work from the 

graph, so mistakes occur when interpreting the variables 

correctly. 

If you choose A: 

You should study the variables that affect the Work 

in the F-Δx graph correctly so that you can 

interpret the Work variables with the change in 

kinetic energy correctly. 

If you choose B:  

You should go back to learning about the Work 

done by changing the force to be able to the Work 

variables in the form of graphs.  

If you choose C: 

no advice for you. 

If you choose D:  

You should learn how to determine the Work that 

is positive and negative from the F-Δx graph 

correctly so that you are able to interpret the Work 

variables with changes in kinetic energy correctly. 

If you choose E: 

You should learn the variables that affect the Work 

in the F-Δx graph correctly, such as calculating the 

Work from the raster area under a curve/graph, so 

that you are able to interpret the Work variables 

correctly. 

The difficulty level of each item can be seen from the Quest program output shown in Figure 6. 



Tumanggor & Supahar                                                           Journal for the Education of Gifted Young Scientists 8(4) (2020) 1439-1456  

 

 1448 

 
Figure 6.  

Item Difficulty Level 

Figure 6 shows a graph of the distribution results of student answers with difficulty ranging from easy to difficult 

questions. Retnawati (2014) stated that the difficulty level (b) of an item is good if it has an item difficulty index 

between -2.00 until 2.00. Items with a difficulty level of -2.00 indicate that the item is very easy, while a difficulty level 

of 2.00 indicates that the item is very difficult.  

Students' mathematical representation ability is interpreted in five scales according to Azwar (2012) which is very 

low, low, medium, high, and very high. The student's mathematical representation ability is tetha (θ) and is shown in 

Figure 7. 

 
Figure 7.  

Students’ Mathematical Representation Ability Distributions 

Students' abilities can be identified from the PH3 and SCO file format in the Parscale program output. Students' 

mathematical representation abilities (θ) are presented in the ability column on the logit scale. The measurement results 

of the mathematical representation ability of 296 students produce a distribution of values between -2.5037 until 

2.4977 on a logit scale between -4 until +4. 

Discussion 

The test instrument which was composed of items in this research was categorized as valid according to the judgment 

of the experts. The minimum value of the Aiken's V coefficient is 0.76 based on seven raters with four rating scales. 
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The Aiken's V coefficient for all items is between 0.86 until 1.00 (Figure 2), thus the items developed have met the 

validity (Aiken, 1985; Azwar, 2012). 

The development of the test instrument is in line with research conducted by Wati et al. (2019) which states that 

all test items having an INFIT MNSQ value are between 0.77 until 1.30. This is evidenced by the map suitability of 

items that have been fit with the Rasch model (Adams & Khoo, 1996). The PhysDTRA instrument also has an item 

reliability coefficient of 0.95 with a very good reliability category. This is supported by George & Mallery (2020) which 

states that the test instrument is reliable and excellent based on the interpretation of the reliability coefficient. The 

TIC curve obtained using the Parscale program (Figure 5) proves that the PhysDTRA instrument is very reliable for 

students with abilities ranging from -2.0 until 1.9 on a logit scale. Item characteristics can be observed from the Item 

Characteristic Curve (ICC) and Item Information Curve (IIC). Item number 7 represents 36 items on the PhysDTRA 

instrument indicating that the item used in the measurement is feasible and valid because it has a high peak curve.  

The lower the item difficulty index, the easier the item to solve, and vice versa, the higher the item difficulty index, 

the more difficult the item is solved (Subali & Pujiati, 2012). Good items for diagnostic purposes are items that are 

not too easy and not too difficult (Tumanggor et al. 2020). The level of difficulty items developed to diagnose students' 

mathematical representation ability is between -1.62 to 2.17 (Figure 6) with an average of 0.00 and a standard deviation 

of 0.84. Item number 20 has the lowest level of difficulty and item number 25 has the highest level of difficulty. Good 

items if the item difficulty index is between -2.00 to 2.00, so from 36 items there is 1 item (item 25) that exceeds the 

highest difficulty level so that it is categorized as an item not good for diagnosing ability student. 

Based on the content validity, the PhysDTRA was declared to be valid according to the judgment of experts who 

were analyzed using the Aiken's V equation. All items in the test instrument were valid based on the Rasch model, 

INFIT MNSQ, and INFIT t. The PhysDTRA instrument has also been relied upon based on the reliability of item 

estimation and TIC curves so that it can be used to diagnose students' mathematical representation abilities. Thus, the 

PhysDTRA instrument developed has fulfilled the test characteristics that are feasible of its content, empirical evidence, 

validity, and reliability. 

The distribution of students' mathematical representation ability is classified in five scales according to Azwar 

(2012), which are very low, low, medium, high, and very high (Figure 7). The frequency of students at 1.0% has very 

low representation abilities, and 29.1% with low ability categories. The frequency of students in the mathematical 

representation ability with a moderate level of 44.3%. Then 22.6% of students have a high level of mathematical 

representation ability and 3.0% with a very high category. 

Conclusion and Recommendations 

The diagnostic test instrument (PhysDTRA) to detect the mathematical representation ability of high school students 

in the form of a multiple-choice test equipped with a diagnosis and suggestion has met Aiken's validity content based on 

expert judgment with valid criteria and instrument reliability with the excellent category. The validity process is needed 

in the development of test instruments. Validation of tests used in education should involve analysis of test content 

and empirical analysis of test scores and data on student responses to test items (Lissitz & Samuelsen, 2007). The 

suitability test of the model with the data is the benchmark used in selecting the analysis model to be applied to the 

data. That becomes something important considering that ultimately the analysis executed will be used to estimate 

individual ability (du Toit, 2003; Kim, 2006; Swaminathan et al. 2007). 

The empirical validity was obtained from the analysis of the test responses given to students. The responses were 

obtained from trying out the test to students. The empirical validity can be determined using Item Response Theory 

(IRT) (Retnawati, 2016). The Rasch model is part of the IRT which can be done with the help of the Quest program. 

The items are declared valid if the MNSQ INFIT value is in the range 0.77 to 1.30 (Adams & Khoo, 1996). Some 

researchers use the MNSQ INFIT limit in the range 0.5 to 1.50 to determine the fit of the item (Planinic et al. 2013; 

Wati et al. 2019), but this research uses a tighter limit, namely in the range 0.77 to 1.30 to prove the suitability of all 

items is more fit (Wei et al. 2014). 

Reliability (α) of a test is generally expressed numerically within the coefficient range -1.00 ≤ α≤ +1.00. High 

coefficient indicates high reliability. Conversely, if the coefficient of a test score is low, the reliability is low. The 

process of calculating reliability is called estimation. Estimation of the test reliability carried out in this study through 

composite reliability, specifically, calculating the α of Cronbach (Geldhof et al. 2014). Reliability is related to 

measurement error. High reliability indicates a small error from the measurement results, and vice versa, the smaller 

the reliability score, the greater the error of the measurement results. The student's ability score (θ) is between -4 and 
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+4 according to the origin of the normal distribution. This statement underlines the difficulty level value in item (b). 

An item is good if the item value is in the range of -2 to +2. If the b value leads to -2, the item difficulty index is very 

low, whereas if the b value leads to +2, the item difficulty index is very high for a group of test-takers (Hambleton et 

al. 1991; Retnawati, 2014; Supahar & Prasetyo, 2015).  

The item information function in IRT is a method for explaining the strength of an item on a test set, selecting 

test items, and comparing several test sets. The item information function states item strength to reveal the latent trait 

measured by the test (du Toit, 2003; Johnson & Christensen, 2016; Retnawati, 2014; Tezza et al. 2011). The value of 

the item parameter index and the student's ability is the result of estimation and has a probability, so it cannot be 

separated from measurement errors. Standard Error of Measurement (SEM) in IRT is closely related to information 

functions (Figure 5). The information function is inversely quadratic to SEM, the greater the information function, 

the smaller the SEM or vice versa (Hambleton et al. 1991; Retnawati, 2014; Wang & Chen, 2016). 

This proves that the diagnostic test instrument has met the requirements of the appropriate instrument and is ready 

to be implemented. The PhysDTRA instruments have 36 fit items consisting of 32 main items and four anchor items 

based on empirical validity. The item proportion based on the items' difficulty level varied from easy, medium, and 

difficult. The information function of the PhysDTRA instrument can provide maximum information when given to 

students with moderate (medium) levels of ability. The suitability of the items based on the ICC graph shows that the 

PhysDTRA instrument developed is following the ability level of high school students. 

The application of the PhysDTRA instruments should be studied by teachers or educators first before being applied 

to students so that learning objectives can be achieved. It is recommended to implement the PhysDTRA instrument 

online with web assistance to make it more effective and efficient when held or implement to students in large 

numbers, as well as add animation and video to the diagnostic questions given so that students can be more visually 

interested in working on mathematical representation questions. Web-based assessments can automate and 

personalize feedback to students, as well as provide direct suggestion according to student response data, and also 

produce progress and proficiency reports for teachers and students individually or in groups (Wang & Chen, 2016). 

Thus, PhysDTRA instruments that are integrated with web-based assessments can be carried out effectively and 

accessed with the help of a computer or smartphone. 

For Further Research  

The author realizes that the physics content about Work and Energy has a broad scope and is related to other physics 

content. It is necessary to do an in-depth study of the major branches of physics regarding mechanics and combine it 

with the representation ability. The author observes that it is important to develop an assessment instrument to 

diagnose multiple representation ability, namely the combination of mathematical representation ability with several 

other representation abilities and vice versa. 

For Applicants  

The results of this research can be used as input for test instrument developers, educational practitioners, especially 

in the cognitive aspects. It is also necessary to focus on teacher knowledge related to material, pedagogy, and student 

character. Commonly, this research shows that the main difficulties faced by teachers or educators when providing 

remediation after assessment. In conclusion, teachers need the ability and extra time to construct diagnostic 

instruments and arrange each diagnosis and suggestion according to the indicators to be achieved. 

Limitations of the Study 

The scope of this research is limited to learning physics in the case study of Work and Energy at the high school level. 

Therefore, researchers in the field of education must carry out further research with different materials and levels of 

education (class) to detect students' representational abilities. 
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Appendix 1.  
Mathematical Representation Ability Scale 
 
Case of Study: WORK 
 
Interpreting variables according to concept in the form of pictures, tables, diagrams, and graphs to solve 
problems 
Presented an image of a block on a plane that has friction force, students are able to: 
1. interpret the magnitude of the angle correctly to do the smallest work. (Case 1) 
2. interpret the magnitude of the angle correctly to do the greatest work. 
3. interpret the magnitude of the angle correctly to do the smallest work. (Case 2) 

Connecting the variables contained in a problem in the form of pictures, tables, diagrams, and graphs to 
solve problems 
Presented a graph of the force to the position, students are able to: 
4. relate the variables by determining the combination of the greatest work done by a varying force at certain points. 

(Case 1) 
5. relate the variables by determining the combination of the smallest work done by a varying force at certain points.  
6. relate the variables by determining the combination of the greatest work done by a varying force at certain points. 

(Case 2) 
Operating equations appropriately in the form of numbers, symbols, graphs, or images in solving problems 
Presented an illustrative image of an object on a flat plane, students are able to: 
7. Operate the Work equation on the system appropriately. (Case 1) 
8. Operate the Work equation on the system appropriately. (Case 2) 
9. Operate the Work equation on the system appropriately. (Case 3) 

Concluding conditions by operating mathematical equations to obtain results 
Presented an illustrative image of an object on an inclined plane, students are be able to: 
10. conclude conditions based on the concept by connecting the concept of work with the displacement of objects. 
11. conclude conditions based on the concept of an inclined plane correctly. (Case 1) 
12. conclude conditions based on the concept of an inclined plane correctly. (Case 2) 

 
Case of Study: KINETIC AND POTENTIAL ENERGY 
Interpreting variables according to concept in the form of pictures, tables, diagrams, and graphs to solve 
problems 
Presented a graph of the relationship between force and displacement, students are able to:  
13. interpret the graph to determine the velocity of objects that undergo a force at a certain. (Case 1) 
14. interpret the graph to determine the velocity of objects that undergo a force at a certain. (Case 2) 
15. interpret the graph to determine the velocity of objects that undergo a force at a certain. (Case 3) 

Connecting the variables contained in a problem in the form of pictures, tables, diagrams, and graphs to 
solve problems 
Presented a graph of the relationship between velocity and time, students are able to: 
16. relate the relationship between work and the resultant force applied to the object. (Case 1) 
17. relate the relationship between work and the resultant force applied to the object. (Case 2) 
18. relate the relationship between work and the resultant force applied to the object. (Case 3) 

Operating equations appropriately in the form of numbers, symbols, graphs, or images in solving problems 
Presented illustration case of an object, students are expected to be able to: 
19. operate the data so that they find the right mathematical equation. (Case 1) 
20. operate the data so that they find the right mathematical equation. (Case 2) 
21. operate the data so that they find the right mathematical equation. (Case 3) 

Concluding conditions by operating mathematical equations to obtain results 
22. Presented a ball is at a certain height, students are expected to be able to conclude conditions based on the 

concept and obtain the results of the work of weight from mathematical operations. 
23. Presented a block that is placed on a flat plane, students can conclude conditions based on the concept and 

obtain the results of block displacement from mathematical operations using changes of kinetic energy. (Case 1) 
24. Presented a block that is placed on a flat plane, students can conclude conditions based on the concept and 

obtain the results of block displacement from mathematical operations using changes of kinetic energy. (Case 2) 
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Case of Study: CONSERVATION OF MECHANICAL ENERGY 
Interpreting variables according to concept in the form of pictures, tables, diagrams, and graphs to solve 
problems 
Presented an illustrative image of objects experiencing free-fall motion with different heights and final velocities, 
students are able to: 
25. interpret the mechanical energy of objects correctly. (Case 1) 
26. interpret the mechanical energy of objects correctly. (Case 2) 
27. interpret the mechanical energy of objects correctly. (Case 3) 

Connecting the variables contained in a problem in the form of pictures, tables, diagrams, and graphs to 
solve problems  
Presented an image of objects that are in a certain position, students are able to: 
28. relate the velocity of the object at each point in the law of mechanical energy conservation. (Case 1) 
29. relate the height of the object at each point in the law of mechanical energy conservation. 
30. relate the velocity of the object at each point in the law of mechanical energy conservation. (Case 2) 

Operating equations appropriately in the form of numbers, symbols, graphs, or images in solving problems 
31. Presented illustrative images of objects experiencing free-fall motion from a certain height, students are expected 

to be able to operate the correct equation from the illustration of objects experiencing free-fall motion. 
32. Presented an image and data, students are expected to be able to operate the correct equation from the illustration 

of objects experiencing free-fall motion. 
33. Presented an image and data, students are expected to be able to operate the correct equation from the illustration 

of objects moving in the track. 

Concluding conditions by operating mathematical equations to obtain results 
Explained a state of an object at a certain position, students are able to: 
34. conclude the mathematical operation results of the object's velocity at a certain position. (Case 1) 
35. conclude the mathematical operation results of the object's height at a certain object’s position. 
36. conclude the mathematical operation results of the object's velocity at a certain position. (Case 2) 
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Appendix 2.  
The Instrument Item Review Criteria 

Aspect Review Criteria 

Material 1 The item matches the indicator in the item blueprint 

2 The item matches the basic competency 

3 The item matches the indicators of achievement 

4 The concept given is correct 

5 The answer key given matches the question 

6 Use the correct units  

7 Write down units correctly 

8 Write down the equation exactly 

Construction 9 Item formulated with short, dense clearly and unambiguously 

10 The statement on the item does not provide a clue to the answer key 

11 Items are free from negative statements 

12 The formulation of items and the answer choices are only statements that are needed. 

13 The item does not depend on the answer to the previous question 

14 Pictures, graphs, tables, diagrams, or the like are clear and functional (if provided). 

15 The length of the answer choices is relatively the same. 

16 Homogeneous and logical answer choices. 

17 The answer choices in the form of numbers are sorted according to the size of the number 

18 The answer choices do not use the statement "all the above answers are wrong/true" and 
the like 

Language 19 Use the Indonesian language according to the General Guidelines for Indonesian Spelling 
(PUEBI) 

20 Use the correct sentence structure. 

21 Be consistent in using terms. 

22 Items arranged communicatively. 

23 The expressions used are unambiguous. 

24 Item does not contain the term "local language" 

 


