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ABSTRACT 

Physics deals with a lot of quantities that have size and direction and thus require a mathematical representation to 

describe it. So that in the context of physics learning cannot be separated from the application of mathematical 

representation. This research aims to: 1) determine the feasibility of assessment instruments by conducting content 

validation; 2) find out the quality of grading instruments by conducting empirical validation. The test development stage 

includes: 1) test planning, 2) test trials, and 3) revision and assembly of tests. This assessment instrument contains 

particle dynamics, the laws of planetary motion and work and energy at the senior high school level. The assessment 

instrument was developed based on three components of mathematical representation ability. The results of this study 

are: 1) the results of the content validation data analysis show 39 items of the test items are valid and worth testing; and 

2) the results of the empirical validation data analysis are shown from three item characteristics, namely: a) the results 

of the validity test show that the 39 developed test items are fit with the PCM model with the average INFIT MNSQ 

items are 1.00 and the standard deviation is 0.09, so all questions are valid; b) the reliability value is 0.46, so the 

reliability of the questions belongs to the poor category and the test is suitable for students with abilities, -1.7 ≤ θ < 3.6; 

and c) the difficulty value of all items is in the interval -1.28 and 1.23, so that the quality of all items is categorized as 

good.  

Keywords: Developing assessment instrument, Mathematical representation ability, Physics assessment. 

1. INTRODUCTION 

Physics is closely related to mathematics. Physics 

deals with a large number of quantities that have size and 

direction and requires a special mathematical language, 

vector language, to describe those quantities [1]. 

Mathematical modeling is also used to describe 

phenomena and explain the relationships between 

variables in physics [2]. Therefore, teaching and learning 

of physics must include the conversion of physics 

modeling into mathematical modeling (for example, 

regarding functional relations) and interpretation of 

mathematical models from a physical point of view [3]. 

It cannot be denied that the use of mathematical 

representation in solving physical problems is something 

that cannot be avoided. 

Taking mathematical representation as a variable is 

based on one of the purposes of mathematical 

representation namely as a systematic description and 

study of patterns, so it is not surprising that the world of 

mathematics is open to many other worlds, such as 

physics [4]. Mathematical representation is intended as 

an equation and related symbols [5]. Standards of 

representation are expected to be mastered by students 

according to NCTM (2000), namely: 1) making and using 

representations to recognize, note or record, and 

communicate mathematical ideas; 2) choose, apply, and 

translate between mathematical representations to solve 

problems; 3) using representations to model and interpret 

physical, social, and mathematical phenomena [6]. 
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Physics, in particular, uses mathematical 

representations and uses mathematics to describe 

phenomena, build models, and solve problems [7]. The 

aspect of mathematical representation can be seen from 

the presentation of data or information from a problem to 

the representation of images, diagrams, graphs or Tables, 

problem solving that involves mathematical expression 

and writing steps to solve problems with words [8]. The 

aspect of mathematical representation ability in this study 

was synthesized from several opinions above. The 

aspects of mathematical representation ability can be 

seen in Table 1. 

Table 1. The aspects of mathematical representation ability.  

Aspects Sub Aspects Indicator of Mathematical Representation Ability 

The use of non-mathematical 

representations to present and 

communicate mathematical 

information 

Presentation of 

Information 

Present mathematical information with visual 

representations (pictures, diagrams, graphs or Tables) 

 

Information 

communication 

Communicating mathematical information with verbal 

representations (words) 

 

Problem solving involving 

mathematical expressions 

Problem Solving Maintaining the problem to get the final result by involving 

mathematical expressions 

 

The use of mathematical 

representations to model and 

interpret phenomena 

Modeling Model phenomena using mathematical representations 

 

Interpretation Interpretation of phenomena using mathematical 

representations 

 In physics class, at least some mathematical material 

is used routinely, such as, arithmetic, algebra or 

analytical tools [9]. In some cases they found that 

students' difficulties with concepts of physics might be 

related to problems with mathematics, either 

understanding mathematical concepts, applying concepts 

to physics, or in understanding some of the mathematical 

representations used in physics [10]. Based on the results 

of essay tests conducted by researchers at junior high 

schools in North Sumatra showed results in the low 

category on the variable of students' understanding and 

representation ability [11]. Research on multiple 

representations also shows that of all types of 

representational ability, the value of mathematical 

representation ability is the smallest [12].  

From the importance of the role and the difficulties 

faced by students due to lack of mathematical 

representation ability, some researchers have applied 

learning models to encourage students' mathematical 

representation abilities (e.g. [13]; [14]). Some 

development of assessment instruments in senior high 

school physics learning such as higher order thinking 

skills (e.g. [15]; [16]) and creative thinking abilities (e.g. 

[17]; [18]) already exist. However, an instrument for 

evaluating the mathematical representation ability has 

not yet been developed so there is a limited test 

instrument to identify the mathematical representation 

ability of high school students in learning physics. 

Testing physical material to measure the ability of 

mathematical representation requires a valid and reliable 

assessment instrument [19]. Validity means the accuracy 

of interpretation of the results of measurement 

procedures and reliability means the consistency of 

measurement results [20]. Assessment instruments can 

be said to have high validity if the instruments made carry 

out their measuring functions [21]. These characteristics 

will be known after the stages of developing a systematic 

measurement instrument according to the expert. Based 

on this, it is necessary to develop an instrument to 

measure the mathematical representation ability of high 

school students in learning physics that qualifies as a 

good instrument. This development research aims to: 1) 

determine the feasibility of the assessment instruments by 

conducting content validation; 2) find out the quality of 

grading instruments by conducting empirical validation.  

2. METHOD 

This research belongs to the type of Research and 

Development (R&D) research with the development 

model used for test development is the Oriondo and 

Antonio model. This research was conducted at Senior 

High School 1 of KasihanYogyakarta and Senior High 

Advances in Social Science, Education and Humanities Research, volume 528

522



  

 

School 1 of Banguntapan Yogyakarta. Subjects 

numbered 287 students. The subjects in this study were 

selected by purposive sampling method. Students who 

become the population are senior high school students 

who have studied particle dynamics, the laws of planetary 

motion and work and energy. The test development stage 

includes: 1) test planning, 2) test trials, and 3) revision 

and assembly of tests. The test planning stage includes: 

(a) goal setting, (b) making test grids (c) choosing test 

formats, (d) writing test items, (e) validating by material 

experts, and (f) repairing items and assembling 3 test set. 

The test phase of the test consists of: (a) determining the 

test subject, (b) conducting the test run (empirical 

validation), and (c) analyzing the test result data based on 

Item Response Theory (IRT). 

The validation data will be analyzed as follows: 

2.1.  Content Validity 

The content validation sheet is arranged on an interval 

of 1 to 4 and is calculated using the Aiken validity 

formula [22]: 

V=
∑ s

(n(c-1))
 (1) 

 

Information: 

Rating scale from l0 to c 

l0 = smallest scale 

r = from l0+1 to  l0+c-1 

s=r-l0 

s = the number s of n rater. 

2.2.  Empirical Validity 

2.2.1. Test Validity.  

Item compatibility with the model (PCM) is used to 

determine the empirical validity of items or referred to as 

item fit. The four categories of politomus data which 

were students' answers were analyzed by PCM model 

[23]. Scores can be analyzed using the Quest program, to 

get the estimated value of INFIT mean of square and 

INFIT t.  

2.2.2. Instrument Reliability. 

 Instrument reliability is carried out with the Quest 

program, which reads sh output, which is a summary of 

case estimates. The reliability value is then proven by 

using graph analysis of the relationship between 

information functions and Standard Error of 

Measurement (SEM) [24]. The program used is the 

Parscale program. The test can be found to be suitable for 

students with abilities in a certain range θ based on the 

information function and SEM obtained. 

 
Table 2. Interpretation of reliability values with the Rasch model. 

Value of Reliability Interpretasi Reliabilitas 

> 0.94 Excellent 

0.91 – 0.94 Very good 

0.81 – 0.90 Good 

0.67 – 0.80 Moderate 

< 0.67 Poor 

 

2.2.3. Item Difficulty (b).  

Analysis using the Quest program can produce item 

difficulty levels (b). The items are stated as good if the 

difficulty index is more than -2.0 or less than +2.0. If it 

approaches -2.0 then the item is said to be easy, whereas 

if it approaches +2.0 then the item is said to be difficult 

[25].   

 

 

3. RESULTS AND DISCUSSION 

3.1.  Result 

At the test planning stage, the purpose of the test and 

the test grid have been compiled as a reference in writing 

the item. The questions compiled amounted to 39 

questions divided into 3 sets, namely Package A, Package 

B and Package C. The test is in the form of reasoned 

multiple choice, where there are 5 answer choices and 5 

reason choices. Questions with multiple choices alone 

cannot measure students' ability to solve problems 
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because they do not consider the steps taken by students 

[26]. So that in this study the test uses a reasonable 

multiple choice form.  

The material contained in the test items is material 

about particle dynamics, the laws of planetary motion and 

work and energy. Writing test items is developed based 

on aspects of mathematical representation ability that can 

be seen in Table 1. The distribution of the number of test 

items from each aspect can be seen in Table 3. 

Table 3. Matrix Math Representation Skill Test. 

Aspects Sub Aspects Items 

The use of non-mathematical representations to present and 

communicate mathematical information 

Presentation of Information 5 

Information communication 9 

Problem solving involving mathematical expressions Problem Solving 9 

The use of mathematical representations to model and interpret 

phenomena 

Modeling 9 

Interpretation 7 

Total 39 

 

After conducting all stages of the test development, 

the results of data analysis are obtained, namely:   

3.1.1. Content Validity.  

Content validation is based on expert judgment. 

There are 5 experts consisting of one professor, two 

doctors and two professional physics teachers. The 

validation instrument consisted of 4 scales so that a 

threshold value of 0.87 was obtained. Aiken (1985) 

explained that the test item is said to be valid if it has a 

Aiken’s V value greater than or equal to a predetermined 

threshold value [27]. The results of the analysis using 

Aiken’s Value can be seen in Table 4. 

 

Table 4. Aiken’s V analysis results for each test item. 

Package A Package B Package C 

Item Number 
Aiken’s 

V 
Criteria 

Item 

Number 

Aiken’s 

V 
Criteria 

Item 

Number 

Aiken’s 

V 
Criteria 

1 0.87 Valid 1 1.00 Valid 1 1.00 Valid 

2 1.00 Valid 2 1.00 Valid 2 0.93 Valid 

3 0.87 Valid 3 1.00 Valid 3 1.00 Valid 

4 1.00 Valid 4 1.00 Valid 4 1.00 Valid 

5 1.00 Valid 5 1.00 Valid 5 0.87 Valid 

6 1.00 Valid 6 1.00 Valid 6 1.00 Valid 

7 1.00 Valid 7 0.93 Valid 7 0.87 Valid 

8 1.00 Valid 8 1.00 Valid 8 0.93 Valid 

9 1.00 Valid 9 1.00 Valid 9 1.00 Valid 

10 0.93 Valid 10 0.87 Valid 10 1.00 Valid 

11 1.00 Valid 11 1.00 Valid 11 1.00 Valid 

12 1.00 Valid 12 0.87 Valid 12 1.00 Valid 

13* 0.93 Valid 13* 0.93 Valid 13* 0.93 Valid 
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14* 0.93 Valid 14* 0.93 Valid 14* 0.93 Valid 

15* 1.00 Valid 15* 1.00 Valid 15* 1.00 Valid 

*Anchor Item 

Total items developed were 39 items. Three of them 

are anchor item. In Table 5 the anchor item are marked 

with the asterisks. From Table 5 we get the results of the 

content validation of the 3 question packages.  It can be 

seen in Table 5 that the Aiken’s V values for each test 

item are in the interval of values 0.87-1.00. When 

compared with the threshold value of 0.87, it can be 

concluded that all questions are valid. 

From the results of content validation, the experts also 

gave suggestions for improvement. The revised questions 

are then tested on students.  

3.1.2. Empirical Validity.  

The trial was conducted at Kasihan 1 Senior High 

School of Yogyakarta and Banguntapan 1 Senior High 

School of Yogyakarta. The total number of respondents 

was 287 students. Data from the tested results will 

produce item characteristics. The intended item 

characteristics are empirical validity, reliability and item 

difficulty. Data were analyzed using the Quest program. 

The serial number in Table 5 is used in the Quest 

program.  

Table 5. The serial number of items in the Quest program. 

Serial Number 
Item Number 

on Package 
Serial Number 

Item Number 

on Package 
Serial Number 

Item Number 

on Package 

1 13* 14 11A 27 12B 

2 14* 15 12A 28 1C 

3 15* 16 1B 29 2C 

4 1A 17 2B 30 3C 

5 2A 18 3B 31 4C 

6 3A 19 4B 32 5C 

7 4A 20 5B 33 6C 

8 5A 21 6B 34 7C 

9 6A 22 7B 35 8C 

10 7A 23 8B 36 9C 

11 8A 24 9B 37 10C 

12 9A 25 10B 38 11C 

13 10A 26 11B 39 12C 

*Anchor Item 

Empirical validity is determined based on the 

goodness of fit of the model (PCM). The estimation 

results from the Quest Program can be seen in Table 6. 

Table 6. The result of empirical validation. 

No Parameter Item Estimates Testee Estimates 

1 Average and Standard Deviation of INFIT MNSQ 1.00±0.09 1.00±0.22 

2 Average and Standard Deviation of INFIT t 0.06±0.77 0.04±0.81 

3 Average and Standard Deviation of OUTFIT MNSQ 0.99±0.12 0.99±0.31 

4 Average and Standard Deviation of OUTFIT t 0.04±0.64 0.08±0.65 
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5 Item or testee score 0 0 0 

6 Item or testee test perfect 0 0 

 
From Table 6, six output parameters are presented 

from the Quest program. The overall goodnesss of fit 

characteristic can be determined based on the average 

and standard deviation of MNSQ INFIT values and the 

average and standard deviation of OUTFIT t. The 

average and standard deviation of MNSQ INFIT 

resulting from the estimated items and tests are 1.00 ± 

0.09 and 1.00 ± 0.22. The average and standard deviation 

of OUTFIT t generated from the estimated items and tests 

are 0.04 ± 0.64 and 0.08 ± 0.65. In accordance with the 

explanation of Adam and Kho (1996) that an item is 

declared fit with the model if the MNSQ INFIT value is 

in the range of 0.77 to 1.30 [28].  

In addition, items that match the Rasch model (1 PL) 

also have fit requirements if the outfit is ≤ 2 [28]. PCM is 

the development of the Rasch Model dichotomous into a 

politomus with one logistical parameter, namely the level 

of difficulty [15]. Based on this, the results of the average 

value and standard deviation of INFIT MNSQ and the 

average value and standard deviation of OUTFIT t in 

Table 6 satisfy both conditions. The average and standard 

deviation of MNSQ INFIT values are between 0.77-1.30 

intervals, while the average and standard deviation of 

OUTFIT t value is smaller than 2. So it can be concluded 

that all items fit test with the model (PCM).  

More clearly, the value of INFIT MNSQ for each test 

item is in the interval 0.77-1.30, so there are no questions 

that fail. The results of INFIT MNSQ for each test item 

can be seen in Table 7.  

Table 7. INFT MNSQ per test item. 

Serial Number INFIT MNSQ Serial Number INFIT MNSQ Serial Number INFIT MNSQ 

1 1.07 14 1.00 27 0.96 

2 0.93 15 1.01 28 0.90 

3 0.95 16 1.02 29 1.00 

4 0.94 17 1.04 30 1.05 

5 1.05 18 1.14 31 0.98 

6 0.98 19 1.18 32 1.20 

7 1.01 20 0.94 33 0.96 

8 0.95 21 0.98 34 1.08 

9 0.97 22 1.04 35 1.21 

10 0.93 23 0.87 36 0.90 

11 0.97 24 0.93 37 0.88 

12 1.09 25 0.85 38 1.08 

13 1.11 26 1.05 39 0.96 

*Anchor Item 

The results of the analysis of the trial data also 

produced another item characteristic, namely the 

reliability of the questions. The reliability of the resulting 

problem is 0.46. Based on Table 2, the reliability value is 

classified as poor. Also in Figure 1 is presented the 

parscale output to find out which test items developed are 

suitable or reliable for any ability. In Figure 1 the 

intersection of the two curves is on a score scale of -1.7. 

It is estimated that the two curves will re-intersect on a 

score scale of approximately 3.6. This score shows that 

the developed mathematical representation test is suitable 

for students with abilities, -1.7 ≤ θ < 3.6. 
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Figure 1. Relation Curve of Information Function and SEM 

Next, the last item characteristic is item difficulty. 

From the results of data analysis, the difficulty value of 

all items is at intervals of -1.28 and 1.23. The easiest item 

is number 17 and the most difficult item is number 27. 

The average overall difficulty is 0.00 with a standard 

deviation of 0.57. Hambleton and Swaminathan (1985) 

state that good items have a difficulty index of more than 

-2.0 and less than 2.0. Based on this, all test items can be 

said to be good [25]. 

Test items divided into three aspects of mathematical 

representation ability have different difficulties. The 

level of difficulty index for each aspect and sub-aspect 

can be seen in Table 8 and Figure 1. 

Table 8. Average difficulty index of aspect and sub aspect. 

No Aspects Sub Aspects 

Average 

Difficulty of 

Sub Aspect 

Average Difficulty 

of Aspect 

1 

The use of non-mathematical 

representations to present and 

communicate mathematical information 

Presentation of 

Information 
-0.10 

0.02 

 Information 

communication 
0.15 

2 
Problem solving involving mathematical 

expressions 
Problem Solving -0.47 -0.47 

3 
The use of mathematical representations 

to model and interpret phenomena 

Modeling 0.09 
0.23 

Interpretation 0.37 

 

 

Figure 2. Average difficulty index of aspect and sub aspect. 

-1,7 
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Information Figure 2: 

• Aspect 1 : The use of multiple representations to 

present and communicate mathematical information 

• Aspect 2 : Problem solving involving 

mathematical expressions 

• Aspect 3 : The use of mathematical 

representations to model and interpret phenomena    

In Table 8 it is known that the average difficulty of 

each aspect and sub-aspect of mathematical 

representation ability. The average difficulty aspect of 

using non-mathematical representations to present and 

communicate mathematical information is 0.02. The 

average difficulty of problem solving involving 

mathematical expressions is -0.47. The average difficulty 

aspect of using mathematical representations to model 

and interpret phenomena is 0.23. So the average 

difficulty aspect from low to high is the problem solving 

aspect involving mathematical expressions (aspect 2), 

aspects of using non-mathematical representations to 

present and communicate mathematical information 

(aspects 1), and aspects of using mathematical 

representations to model and interpret phenomena 

(aspect 3). 

Based on Table 8 also explained the average 

difficulty of each sub-aspect. For more details can be 

seen in Figure 2. The lowest average sub-aspect difficulty 

is problem solving, -0.47 and the highest difficulty sub-

aspect difficulty is interpretation, 0.37. So that the order 

of average difficulty sub aspects from low to high is 

problem solving, presentation of information, modeling, 

information communication, and interpretation.   

3.2. Discussion 

3.2.1. Content Validity.  

From the above results, 39 test items made have been 

tested for validity by expert judgment. The results of the 

content validation of all items are valid. Assessments by 

experts can be used as an alternative proof of validity, but 

these results can be subjective depending on the 

background of their knowledge [19].  

3.2.2. Empirical Validiry.  

Valid test items are then tried out and analyzed. The 

results of the analysis showed 39 items of fit test, 

meaning that no items were fail. This can be seen from 

the acquisition of goodness of fit that meets the 

requirements of item compatibility with the model. The 

estimated level of difficulty of the items shows the 

quality of all questions in the good category. But the 

reliability of the questions belongs to the poor category. 

The developed mathematical representation test is 

suitable for students with abilities, -1.7 ≤ θ < 3.6. 

Some factors that affect the reliability associated with 

the test are: (1) test length, (2) homogeneity of test 

material, (3) homogeneity of item characteristics, and (4) 

variability of scores. Reliability related to students is 

influenced by factors: (1) heterogeneity of groups, (2) the 

experience of students taking the test, and (3) the 

motivation of students [20]. Based on this, in this study 

the estimated number of questions is not enough. The 

condition of students who have no experience in taking 

the test in the form of multiple choice reasoned and lack 

of motivation of students in working on the questions. 

Furthermore, the average difficulty of each aspect 

shows a variety of values. Based on the order of average 

difficulty, aspect 3 is the most difficult and aspect 2 is the 

easiest. However, if viewed from the aspect of 

mathematical representation ability compiled by the 

author, the three aspects are not a stage, so the average 

difficulty results are not graded from low to high. This 

can also be caused by writing items that each aspect has 

a different level of cognitive domain. This allows items 

on aspect 1 to be more difficult than items on aspect 2. 

Furthermore, in aspect 1 shows higher average 

difficulty value than aspect 2. If viewed from the 

indicators of mathematical representation ability, 

students are expected to present mathematical 

information with visual representations (pictures, 

diagrams, graphs or tables). High difficulty value in this 

sub-aspect can also be influenced by students' difficulty 

in converting information from mathematical 

representation to visual representation. Likewise in the 

information communication sub-aspect, students have 

difficulty in changing information from mathematical 

representation to verbal representations.  

On the other hand, in aspect 3, problem solving tends 

to be low. This happens because in solving physical 

problems that only use solutions with mathematical 

representations, so students get results through 

mathematical formulas. This is relevant to research 

Theasy, Wiyanto, and Sujarwata (2018) that students 

who are skilled in problem solving categories are 

accustomed to using non-mathematical representations 

such as graphs and diagrams. While students who are less 

skilled in problem solving categories, tend not to use non-

mathematical representations. Students have the habit of 

using mathematical solutions in solving physical 

problems, so students get stuck in mathematical habits 

without understanding physical concepts [12]. This 

reason also answers why in aspect 1 students have 

difficulty in solving problems. Whereas in aspect 3, to 

solve problems students need to have ways of solving 

problems at a higher level of the cognitive domains. 
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4. CONCLUSION AND SUGGESTION 

Based on the results and discussion, all stages of test 

development have been carried out. The results of this 

study are: 1) the results of the content validation data 

analysis show 39 items of the test items are valid and 

worth testing; and 2) the results of the empirical 

validation data analysis are shown from three item 

characteristics, namely: a) the results of the validity test 

show that the 39 developed test items are fit with the 

PCM model with the average INFIT MNSQ items are 

1.00 and the standard deviation is 0.09, so all questions 

are valid; b) the reliability value is 0.46, so the reliability 

of the questions belongs to the poor category and the test 

is suitable for students with abilities, -1.7 ≤ θ < 3.6; and 

c) the difficulty value of all items is in the interval -1.28 

and 1.23, so that the quality of all items is categorized as 

good. The results of the analysis of this test item can be a 

guideline in assembling and presenting questions to 

measure the mathematical representation ability of high 

school students in physics learning. Suggestions for 

further development are a larger number of respondents, 

increased test length, and tests are widely tested with the 

help of technology.   
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