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 This study aims to determine the accuracy of the equating method that uses a circle 
equation approach in terms of its circular arc (Simplified Circle Arc). This research 
uses 2015 National Examination data from two questions packages. Using the 
number of preliminary samples as many as 2135 on the X and 2271 test devices on 
the Y test. After doing a Rasch analysis using a Mean Square Outfit (MNSQ), the data 
was acquired and analyzed. Following this, replication was performed up to a 
maximum of 50 times for each kind of data distribution. For each replication, up to 
a maximum of 50 respondents were selected from the original data set to be used 
as data for score equalization. The Root Mean Square Error (RMSE) statistic is then 
used to analyze the outcomes of the equating score. The results showed that the 
average RMSE group that has the same distribution will provide a lower RMSE 
value compared to groups that have different data distributions. The low average 
RMSE value indicates the accuracy of the equal of the scores performed. Thus, the 
use of the SCA method is highly recommended to equalize scores, especially in 
small samples in classes at school to prevent discrimination in grading. 
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A. INTRODUCTION  

One of them is conducting an assessment. This is one of the main components in order to 

improve the quality of education. Efforts to improve the quality of education can be seen from 

the improvement of the quality of learning and the quality of assessment (Masino & Niño-

Zarazúa, 2016). Assessment is a process carried out in order to monitor the process and 

progress of learning from students as evaluation material for further improvement of learning. 

The results of the assessment are presented in the form of numbers or letters as a sign to 

determine the extent to which students have mastered a subject matter. The results of the 

assessment are used as a benchmark to see the quality of student education in an educational 

unit (Antara & Bastari, 2015). The compilation of these items is always based on the grid. Both 

teachers and the government do this. It is often found that in one school there are parallel 

classes taught by two or more teachers of the same subject. Each teacher has different teaching 

characteristics, but in giving tests to students, teachers only base it on the existing grid. This 

will produce different test devices. 
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Despite utilizing the same grid when creating questions for the National Examination, the 

government and teachers rarely use test preparation materials that are actually comparable. A 

fully similar test is difficult to set up. Since no two test devices are made exactly alike, their 

results cannot be directly compared (Yu & Osborn-Popp, 2019). It serves as the primary 

resource for organizing each question in various schools and locations based on the preexisting 

grid. Test kits made based on the same grid are rare and almost never produce test kits that are 

truly equivalent (Lissitz & Huynh, 2019). With the different test tools used, automatically the 

output generated by students who work on the test device is not on the same scale. From these 

cases, a question arises about a method that can be used to compare the results of a test. From 

the second section, it is necessary to make a single conversion table from one test device to 

another. To support this, a statistical method is needed to convert the values of the two test 

devices. Thus, the proportion of the two test devices can be compared. Measuring instruments, 

in this case, the questions used to assess the academic abilities of children in urban areas are 

certainly not fair if they are also applied. There is no way that the 70th set of A test kits and the 

70th set in the B test device are the same. This is a result of the different scales that the secrets 

of the two gadgets have (Souza et al., 2017). So that the scores of the two devices may be 

compared, a procedure is required. In statistics, the procedure of equating the score is known 

as equating. Equating is a statistical technique that may be used to translate results from several 

tests using the same constants (Battauz, 2017; Yu & Osborn-Popp, 2019). This procedure is 

used to establish the connection between two or more tests (Dimitrov & Atanasov, 2021). 

Equating is a technique that may be used to equalize test results using statistical and 

psychometric techniques so that the two test kit scores can be compared (Kolen & Brennan, 

2014). To trade or compare equal test energies, equating is utilized to create a scale that is 

comparable (Haris & Kolen, 2016). From the opinion above, it can be concluded that equating 

is a statistical procedure that is used to make a transformation from a set of tests to other test 

devices that measure the same construct.  

It's possible that the teaching and learning process will go more smoothly for the teachers 

when there are fewer students in the classroom (Sumarni, 2015). In this context, instructors, in 

their function as the implementers of learning in the classroom, obviously require some form 

of assessment in order to evaluate the successes of their students and determine whether or 

not they have met the objectives they have set for themselves. As was said before, there may be 

more than one teacher at one class level at any one time who teaches the same material. When 

putting together test kits, they will only utilize the grid that has been discussed and agreed upon 

by all parties involved. When the grades from classes A and B, which are being taught by 

separate teachers, are compared, it is clear that this is not being done in a fair manner. For this 

reason, it's important to use a strategy of equalization that's been deemed suitable for the 

circumstances, especially in regards to the amount of pupils (Himelfarb, 2019). This is because 

you must use a strategy that is acceptable for using in light of the peculiarities of the class. This 

is due to the fact that it is essential to use an equalization strategy that is suitable for application 

in light of the attributes associated with the class. The necessity for the number of students in 

a classroom to be indicative of a small sample is one of the considerations that goes into the 

practice of using small samples. 
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In point of fact, the technique for evaluating the smallest unit, which takes place at the 

school level, may be discovered. The Indonesian government sets minimum and maximum 

restrictions on the number of students that are permitted to study together in a single 

classroom for children who are enrolled in elementary school all the way up to high school. In 

no one session will there be more than fifty pupils present. There is a cap of 36 students per 

class, and that's at some of the best universities in the nation. Article 24 of the Republic of 

Indonesia Minister of Education and Culture Regulation Number 17 of 2017 regarding New 

Student Admission forms the basis for this determination, which caps class sizes at 36 students. 

The number of students that can be enrolled in a single class is limited to no more than 36 

(Kemendikbud, 2017). 

Equating data has been done using a wide variety of different approaches. Some of them 

are based on the classical technique, which, as everyone knows, is the way that is easier to put 

into practice in real life. There have been a lot of different approaches to equalization that have 

been created. The requirements of the contemporary educational landscape inspired the 

development of these approaches. Some are grounded in traditional theories, while others are 

grounded on more contemporary ideas. Every one of them comes with a unique set of benefits. 

Classical techniques of equalization are easier to understand, more logical, and more 

straightforward to put into practice (Arikan & Gelbal, 2018). The method of scoring by equating 

points using a circle equation is one that may readily be adapted to grade-level instruction.  

There have been a lot of different approaches to equating evolved throughout time. The 

requirements of the contemporary educational landscape inspired the development of these 

approaches. Some are grounded in traditional theories, while others are grounded on more 

contemporary ideas. Every one of them comes with a unique set of benefits. Equating using 

more traditional ways is not only more comfortable, but also more logical and straightforward 

(Moses, 2022; Pommerich, 2016). Several industry professionals have provided a variety of 

equalization strategies that are based on traditional strategies. Ozdemir (2017) contrasts the 

Equipercentil approach with Circle Arc, Aşiret & Sünbül (2016), which compares the techniques 

of Idenetity, Mean, Linear, Circle Arc, and Presmooted, and so on and so forth. Caglak (2016) 

provide a comparison between the Linear approach and the Circle Arc methodology. A 

comparison is made by Babcock and Hodge (2020) between the Chained technique, the Linear 

method, the Circle Arc method, the Identity method, and the Synthetic method. The Mean 

Weight Nominal approach is also evaluated. An updated comparison may be carried out on the 

basis of these methods with the intention of offering the most suited alternative choice for the 

use of an effective equating approach. In the study that Ozdemir (2017) conducted, the two 

researchers evaluated the Simetryc method and the Simplified Circle Arc method against a 

variety of other approaches. However, they did not investigate the degree of precision provided 

by any of the Circle Arc approaches. 

Although both the Circle Arc technique and the Equipercentil approach fall under the 

category of nonlinear methods that are based on the classical method, Ozdemir (2017) asserts 

that the Circle Arc method produces better results. This result is possible because to the 

estimated root mean square error (RMSE). Livingston and Kim modified the prevalent Circle 

Arc approach, dividing it into two variants: one based on linearity and the other on nonlinearity, 

but with some linear components. The modifications that Livingston and Kim made to the Circle 
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Arc method that was already being used can be found here. The Circle Arc technique that was 

previously in use prior to the improvements that Livingston and Kim made to it may be found 

here in its modified form (Caglak, 2016; Diao & Keller, 2020). In addition, Some reseacher 

demonstrated in a separate piece of research that this method generates accurate results based 

on RMSD values and biases by applying it to a number of different situations, one of which was 

the number of samples. He did this by applying it to a number of different situations, one of 

which was the number of samples. He accomplished this by applying the methodology to the 

research that he carried out (Albano, 2015; Babcock & Hodge, 2020). According to the findings 

of research that was carried out by Aşiret and Sünbül (2016), the Circle Arc approach results in 

a reduced equalization error when compared to other methods, even when applying them to 

small sample sizes. This was found to be the case even when applying the other methods to 

larger sample sizes. 

Adjust the score so that it corresponds to the Simplified Circle. The academic level of the 

class is a straightforward target for use of Arc. Because of this, the teacher, in his or her role as 

the person responsible fo`r carrying out the assessment in the school, is in a position to compare 

the worth of students without inadvertently causing discrimination by employing the equating 

method that is appropriate to the characteristics of the class, in particular when determining 

whether or not students have successfully graduated or completed a lesson. By analysing the 

distribution of scores, the purpose of this research is to come up with a decent strategy that can 

be used for the purpose of equalizing scores on tiny samples. The purpose of this research is to 

identify a reliable approach that may be used for the purpose of standardizing ratings on limited 

sample sizes. In addition, the method of sectional distribution is the central topic of 

investigation at this point. Normal distribution, positive skewness distribution, and negative 

skewness distribution are all examples of the types of distributions that cannot be isolated from 

the students' acquisition of responses to the items that are provided. In the course of this 

research, a comparison of the various modes of dissemination was carried out. Because of this, 

the teacher, in his or her role as the person responsible for carrying out the assessment in the 

school, is in a position to compare the worth of students without inadvertently causing 

discrimination by employing the equating method that is appropriate to the characteristics of 

the class, in particular when determining whether or not students have successfully graduated 

or completed a lesson. 

 

B. METHODS 

This study is quantitative and uses expo facto research methods. The responder does not 

undergo any kind of therapy at any point. In this research, there were two different sample 

groups. Both of the groups were randomly assigned positions on the same grid but received 

different kinds of test kits. For the purposes of this research, data from two different National 

Exam packages on mathematical topics were obtained from the Center for Educational 

Assessment for the regions of DKI Jakarta and Tangerang. The two potential testing sites for the 

National Examination were chosen because their respective exams shared features with 

respect to a number of questions (anchor items), as required by the study design that had been 

established in advance. These characteristics formed the basis for the selection of the two 

locations as candidates for the National Examination. The research location is not the main 
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focus of this study, considering that the researcher only focuses on the use of two types of tests. 

Thus, the research location will follow the location where the test is used and the specific 

information is only owned by the Center for Educational Assessment. The selection of these 

locations (DKI Jakarta and Tangerang) is because both places use two different forms of 

questions.The analysis of the Rasch model is used to determine the degree to which the 

responses are compatible (person fits) with the model according to the accepted requirements 

for Outfit Mean Square (MNSQ) value, which are 0.5 and 1.5, respectively (Falani et al., 2022; 

Iriyadi et al., 2024). This range is established by the parameters that are considered acceptable 

for the MNSQ value. The total number of student replies acquired for the X test device was 2135, 

whereas the number of responses received for the Y test device was 2271. According to the 

findings of the Rasch model, 233 respondents did not fulfill the requirements for the Y test 

device, and 2 respondents did not meet the requirements for the X test apparatus. Accordingly, 

there were a total of 2133 student replies in the X testing device but only 2048 in the Y testing 

set. 

In this investigation, the average RMSE value of the equalization outcomes obtained by 

using the preset way of equating scores serves as the study's dependent variable. For the 

independent variable, namely the results of equalizing the scores of each method used. 

Regarding the factors that may be considered independent, they include the equalization 

technique and the kind of data dissemination (normal, positive skewness, and negative 

skewness).  Using the SPSS program to assist in the process, random samples will be drawn 

from each population using a method called random sampling with replacement. The 

randomization process was repeated fifty times, with each iteration using a separate set of fifty 

respondents. It has been established that the RMSE has been equalized based on the findings of 

the equalization score. Therefore, according to the calculation below, each group will have a 

total of fifty RMSE formula (Babcock & Hodge, 2020; Karunasingha, 2022): 

 

𝑅𝑀𝑆𝐸(𝑥) = √
∑ (�̂�𝑗 − 𝑥𝑗)

2𝑁
𝑗=1

𝑁
 

 

where N is the number of respondents, a number of equalization results, and a balanced score. 

According to Aşiret and Sünbül (2016) and Uysal and Kilmen (2016), RMSE is the metric that is 

used to evaluate how accurate the equalization approach is. The excellent accuracy of an 

equalization technique is shown by its mean having a modest RMSE (Dorans & Puhan, 2017; 

Liemohn et al., 2021). The research conducted by both of them used RMSE as a benchmark in 

determining the accuracy of the results of a measurement. In addition, according to Epskamp 

et al. (2018), smaller mean values indicate a higher degree of equality. 

 

C. RESULT AND DISCUSSION 

1. Simplified Circle Arc Method 

Circles are a topic that exists in mathematics that is studied starting from the elementary 

school level to the level of the university. There is nothing different from the material given 

including the general form of the equation of the circle with the center (0, 0) until the circle 

equation is centered in (A, B). Likewise, with the equation of the circle radius (r) which from 
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the beginning is taught to have the same form of an equation. Maybe in some literature using 

different notations but with the same intent. Many methods of equating are developed based 

on classical theory. Among the methods available, one of them is the circle arc method (Aşiret 

& Sünbül, 2016; Caglak, 2016; Diao & Keller, 2020; Livingston, 2014; Ozdemir, 2017). There’re 

2 kinds circle arc method namely symmetric circle arc and simplified circle arc. Both types of 

methods are based on a linear basis although one of them also has non-linear elements in it 

(O’Neill et al., 2020; Peabody, 2020).  

Equating with the Simplified Circle Arc method uses circle equation approach. The 

important thing in this method is to determine the two endpoints and midpoints estimated 

from the data, then limit the approximate equalization curve to pass through these points. The 

maximum and minimum possible scores on the test are set as endpoints, while the midpoints 

are determined by the average score of the test scores that will be equalized (Aşiret & Sünbül, 

2016; Caglak, 2016; Ozdemir, 2017). Therefore, the Simplified Circle Arc method function is 

identical to the mathematical formula taken from a circle that passes through three 

predetermined points. The top point of the curve is determined by the maximum score of each 

test while the lower point is determined by the minimum score of each test. There are 3 

coordinate points namely (X1,Y1), (X2,Y2), and (X3,Y3). The middle value (X2,Y2) is determined by 

the average of the two tests. If the equating design is single-group, counterbalanced, or 

equivalent-groups design, the midpoint (X2,Y2) can be determined by equalizing the mean of 

the new form directly to the mean of the reference form. In the equalization design that uses 

anchor tests, the midpoint can be determined through chained linear equating (Caglak, 2016). 

In the Simplified Circle Arc, the function for estimating the results of equal equations is 

divided into 2 components, namely linear and curvilinear  according to Kim & Livingston 

(Caglak, 2016; Diao & Keller, 2020). The linear component is only a line that connects two 

extreme points calculated using the equation (1): 

 

𝐿(𝑥) = 𝑌1 +
𝑌3 − 𝑌1

𝑋3 − 𝑋1

(𝑋 − 𝑋1) (1) 

 

Figure 1 shows the linear component of L(x), which is a straight line connecting the 

minimum and maximum points. Furthermore, the three points are transformed by subtracting 

L(x), resulting in the curvilinear component as shown in Figure 2. Because the maximum point 

and minimum point are in the L(x) line, this step transforms Y1 to Y1T = 0 and Y3 to Y3T = 0 and 

transform Y2 to Y2T. 
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Figure 1. Third Position Point (Maximum, Middle Point, and Minimum) 

  

           
                                    (a)                                                                  (b) 

Figure 2.  Third Transformation Point 

  

The height of the transformed midpoint (X2,Y2T), has the same distance as the original 

midpoint (X2,Y2) which is above the line L(x). This distance depends on the values of X2 and Y2. 

If the midpoint is above the line connecting the minimum point and the maximum point value, 

Y2T will be positive as shown in Figure 2a. Conversely, if the midpoint is above the line 

connecting the minimum point and the maximum point value, the value of Y2T will be negative 

as shown in Figure 2b. 

Figure 2 shows 3 transformation points used to determine curvilinear on the Simplified 

Circle Arc method. The three transformation points are used to determine the value of 𝑌1,2
∗  for 

each value of the X test device. The index r shows the radius of the circle with the coordinates 

of the center point (Xc, Yc) according to equation (1) and (2). The center of the circle on the 

Simplified Circle Arc method changes according to the new known points (the minimum point 

becomes (X1,0) and the maximum point becomes (X2,0). Based on the center circle equation (Xc) 

with known 3 points (X1,Y1); (X2,Y2); and (X3,Y3), in the Simplified Circle Arc method, the 

equation will be, 
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 𝑋𝑐 =
(𝑋1

2+𝑌1
2)(𝑌3−𝑌2)+(𝑋2

2+𝑌2
2)(𝑌1−𝑌3)+(𝑋3

2+𝑌3
2)(𝑌2−𝑌3)

2[𝑋1(𝑌3−𝑌2)+𝑋2(𝑌1−𝑌3)+𝑋3(𝑌2−𝑌1)]
 

       =
(𝑋1

2+0)(0−𝑌2
𝑇)+(𝑋2

2+𝑌2
𝑇2

)(0−0)+(𝑋3
2+0)(𝑌2

𝑇−0)

2[𝑋1(0−𝑌2
𝑇)+𝑋2(0−0)+𝑋3(𝑌2

𝑇−0)]
 

       =
(𝑋1

2)(−𝑌2
𝑇)+(𝑋3

2)(𝑌2
𝑇)

2[𝑋1(−𝑌2
𝑇)+𝑋3(𝑌2

𝑇)]
 

       =
𝑌2

𝑇(𝑋3
2−𝑋1

2)

2𝑌2
𝑇[𝑋3−𝑋1]

 

      =
(𝑋3

2−𝑋1
2)

2[𝑋3−𝑋1]
 

 

So that the equation Xc is obtained for the Simplified Circle Arc method as follows: 

 

 𝑋𝑐(𝑆𝐶𝐴) =
(𝑋3

2−𝑋1
2)

2[𝑋3−𝑋1]
 (2) 

 

while for Yc on the Simplified Circle Arc method the equation becomes, 

 

 𝑌𝑐 =
(𝑋1

2+𝑌1
2)(𝑋3−𝑋2)+(𝑋2

2+𝑌2
2)(𝑋1−𝑋3)+(𝑋3

2+𝑌3
2)(𝑋2−𝑋3)

2[𝑌1(𝑋3−𝑋2)+𝑌2(𝑋1−𝑋3)+𝑌3(𝑋2−𝑋1)]
 

      =
(𝑋1

2+0)(𝑋3−𝑋2)+(𝑋2
2+𝑌2

𝑇2
)(𝑋1−𝑋3)+(𝑋3

2+0)(𝑋2−𝑋3)

2[0(𝑋3−𝑋2)+(𝑌2
𝑇)

2
(𝑋1−𝑋3)+0(𝑋2−𝑋1)]

 

      =
(𝑋1

2)(𝑋3−𝑋2)+(𝑋2
2+𝑌2

𝑇2
)(𝑋1−𝑋3)+(𝑋3

2)(𝑋2−𝑋3)

2[𝑌2
𝑇2

(𝑋1−𝑋3)]
 

 

so that the Yc equation for the Simplified Circle Arc method is obtained as follows: 

 

 𝑌𝑐(𝑆𝐶𝐴) =
(𝑋1

2)(𝑋3−𝑋2)+(𝑋2
2+𝑌2

𝑇2
)(𝑋1−𝑋3)+(𝑋3

2)(𝑋2−𝑋3)

2[𝑌2
𝑇2

(𝑋1−𝑋3)]
 (3) 

 

for the equation of the circle radius (r) as follows, 

 

 
𝑟𝑆𝐶𝐴 = √(𝑋𝑐(𝑆𝐶𝐴) − 𝑋1)

2
+ 𝑌𝑐(𝑆𝐶𝐴)

2  
 

(4) 

 

Thus, for the Simplified Circle Arc method in determining the center point, equations (2) 

and (3) are used using notation 𝑋𝑐(𝑆𝐶𝐴) and 𝑌𝑐(𝑆𝐶𝐴) as a differentiator for the center point in the 

Symmetric Circle Arc method. Likewise, the radius uses equation (4) with 𝑟𝑆𝐶𝐴  notation. 

Equation (5) and equation (6) may be used to determine the curve component for all X values 

in the circular arc produced by the transformation in the Simplified Circle Arc technique (6). 

Both of these equations are used as formulas to determine the curvilinear component in the 

Simplified Circle Arc method (𝑌1
∗ or 𝑌2

∗). Things that are different in equations (5) and (6) are 

used in the Simplified Circle Arc method, which is the center of a circle calculated by a different 

formula with notation 𝑋𝑐(𝑆𝐶𝐴) and 𝑌𝑐(𝑆𝐶𝐴)and radius 𝑟𝑆𝐶𝐴  as follows: 
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 𝑌1
∗ = 𝑌𝑐 +  √𝑟2 − (𝑋 − 𝑋𝑐)2 

 to 𝑌1
∗ = 𝑌𝑐(𝑆𝐶𝐴) +  √𝑟𝑆𝐶𝐴

2 − (𝑋 − 𝑋𝑐(𝑆𝐶𝐴))2 
(5) 

  

 𝑌2
∗ = 𝑌𝑐 −  √𝑟2 − (𝑋 − 𝑋𝑐)2 

 to 𝑌2
∗ = 𝑌𝑐(𝑆𝐶𝐴) −  √𝑟𝑆𝐶𝐴

2 − (𝑋 − 𝑋𝑐(𝑆𝐶𝐴))2 
(5) 

  

 
Figure 3. Coordinate of Simplified Circle Arc Transformation Points 

  

Figure 3 shows a circular arc that passes the minimum point (X1,0) and maximum point 

(X3,0) and the midpoint X2,Y2T. The arc determination uses equation (5) or (6) based on the 

value of Y2T obtained. When the arc is continued it will form a circle centered on the point 

(𝑋𝑐(𝑆𝐶𝐴), 𝑌𝑐(𝑆𝐶𝐴)) and radius 𝑟𝑆𝐶𝐴. 

  

 
Figure 4. Linear Components and Curvelinear in the Simplified Circle Arc Method 
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In Figure 4, the curvilinear component (𝑌1
∗ or 𝑌2

∗) is an orange arc and a linear component 

calculated from L(x). The result of the curve is the estimation of the equalization function for 

the score which is between the extreme point (minimum point and maximum point). For the 

Simplified Circle Arc method, the equalization function consists of a linear component (L(x))as 

described in equation (1) and the curvilinear component (𝑌1
∗ or 𝑌2

∗) as described in equation (5) 

or equation (6). Both are calculated separately. The sum of both (Y (L(x) dan 𝑌1 𝑜𝑟 2
∗ ) is then used 

to determine the results of the Simplified Circle Arc method. 

 

2. Data Distribution 

According to Dziak et al. (2014), the accuracy of each statistical application depends on two 

main factors, namely sample size and the original form of population distribution. In keeping 

with this idea, research conducted by Uysal and Kilmen (2016) suggests that the distribution of 

talents also has an effect on the outcomes of equalization. In order to get an accurate picture of 

the capabilities of those who participated in the research, a contemporary theoretical 

methodology was used. When compared to more contemporary ways, the classical method may 

do the same objective in a far more straightforward manner. Nevertheless, the raw score is the 

traditional approach that is used, and because of this, the distribution that is evaluated is that 

of the respondents' data rather than their skill. In addition, according to Uysal and Kilmen, who 

split the three distributions into Normal, Positive Skewness, and Negative Skewness, the 

Normal distribution is the most common. The normal distribution is determined by two things, 

namely average (𝜇) and standard deviation (𝜎). In writing it is N (𝜇,𝜎). For a normal distribution, 

it has a value of N (0.1) which is called a normal standard distribution. Between the mean and 

median in a population is symmetrical by looking at the ratio equal to 1 (Cain et al., 2017; Singh 

& Masuku, 2014). 

Some ordinary researchers use formal tests for normality tests such as Shapiro-Wilk or 

Kolmogorov-Smirnov. They arrange a hypothesis that states the normality of data. By looking 

at the probability values that are generated which are then used to determine the normality of 

a data (Sainani, 2012). Furthermore, according to Nornadiah, Mohd Razali and Yap Bee Wah 

used 4 types of formal tests to determine normality, namely: Shapiro-Wilk, Kolmogorov-

Smirnov, Lilliefors, and Anderson-Darling (Razali & Wah, 2011). 

As with normal distribution, positive skewness (right) and negative skewness (left) also 

have several provisions. If positive skewness (right) has an average and median ratio of more 

than 1 because in this distribution the average value will usually be greater than the median 

(Cain et al., 2017). Similarly, skewness to the right means the right tail is relatively long with 

the left tail. If the long tail is located on the right side of the slash, then the slash is positive or 

accurate. The slope is considered to be left or negative if the long tail is located on the left 

(Hippel, 2010). According to the findings of previously conducted research, ability distribution 

is another factor that influences how closely outcomes align with expectations (Uysal & Kilmen, 

2016). The distribution of data in this research contrasts with the distribution of abilities seen 

in a prior study because of the difference in the method of distribution utilized. 
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3. Data Description 

The degree to which items are suitable for use with the Rasch model is measured by 

analysis of the Rasch model. The term "item fit" describes this phenomenon.  Ee & Yeo (2018), 

Falani et al. (2022), Muller (2020), and Rahayu et al. (2020) provide criteria for determining 

whether or not an item is properly fitted for use in taking measurements. However, there are 

experts who warn against using the ZSTD criteria if the sample size is more than 500 persons. 

According to the results of the fit item analysis, the item 30 for the X test equipment (POC1101 

code) is the only one that does not fit because it has an MNSQ of 1.70. On the other hand, the Y 

test devices (POC5530 question code) obtained a total of 4 items that do not fit, specifically 

points 3, 10, 37, and 26 with respective MNSQ values of 2.73, 1.76, 1.58, and 1.51. 

The computation of the Rasch model and the design of the earlier study led to the selection 

of 30 items to be utilized as research instruments. Within these 30 things, there were 6 anchor 

items, which accounted for 20% of the overall number of items. For X test equipment (POC1101 

question code) anchor items are items 2, 6, 17, 22, 34, and 38 (as many as 6 items), while for 

nonanchor items are items 1, 3, 4, 5, 7, 8, 11, 12, 13, 15, 19, 20, 21, 23, 25, 28, 29, 31, 32, 33, 35, 

36, 37, and 40 (as many as 24 items). For Y test devices (POC5530 question code) anchor items 

are items 4, 8, 17, 29, 32, and 39 (as many as 6 items), while for nonanchor items are items 1, 2, 

5, 6, 7, 9, 11, 13, 14, 15, 16, 19, 22, 23, 25, 28, 30, 31, 33, 34, 35, 36, 38, and 40 (as many as 24 

items). Thus, for the two test devices, there are 30 questions with details of each of the 24 

nonanchor items and 6 anchor items. 

The purpose of the research is to determine if the instrument that was used assesses the 

unidimensional build, as well as how well each item fits in the underlying design. In accordance 

with the findings of the Rasch model analysis, the raw variance value for the X test device 

(identified by the code POC1101) is 30.4%, whereas the raw variance value for the Y test device 

(identified by the code POC5530) is 33.1%. These findings are presented in comparison to one 

another. Both of these numbers are higher than the 20% threshold that constitutes the 

minimum value for the unidimensional criterion (Hsiao et al., 2015; Sinnema et al., 2016). The 

following are the outcomes of RMSE calculations performed on each set of data distribution 

pairings using 50 sample sizes, 50 replications, a total of 30 items, and an anchor item that 

accounts for 20% of the total number of items, as shown in Table 1, Figure 5 and Figure 6. 

 

Table 1. Data Description 

Group Mean 
Std. 

Deviation 
Minimum Maximum 

N-N .3424 .27602 .05 1.10 
SP-SP .4405 .31629 .05 1.37 
SN-SN .2852 .18766 .06 .70 
N-SP .6245 .32490 .07 1.18 
N-SN .7230 .45101 .06 2.11 
SP-SN .6179 .45462 .04 1.91 
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Figure 5. Graph of Differences in Average RMSE Paired Data Groups 

 

 
Figure 6. Boxplot of RMSE Value Pair of Data Groups that are Equated 

 

As can be seen in Table 1, above, the average RMSE value for data pairs that have the same 

distribution, such as a normal distribution with a normal distribution, skewness that is 

positively distributed with a positive skewness distribution, and distribution of negative 

skewness with a negative skewness distribution, is lower than the average RMSE value for data 

pairs that have different data distributions. This is the case regardless of whether the 

distributions are normal, positive, or negative. This is supported by the views of a small but 

vocal group of experts in the field; for example, one of these experts argues that the 

distributions of the two test devices must have the same form is responsible for the reliable 

comparisons that were made between the two sets (Liemohn et al., 2021; Wang & Lu, 2018). 

The distributions of the two test devices must be identical lends credence to this view. This 

point of view might be responsible for the truth of the previously stated assertion. 

In their research on the distribution of capabilities, Uysal and Kilmen (2016) distinguished 

between three distinct distributional patterns: the normal distribution, the distribution with 

positive skewness, and the distribution with negative skewness. According to the findings, the 

Equating Error was minimized when groups had the same distribution of abilities (normal 

distribution with normal distribution, positive skewness distribution with positive skewness 

distribution, and negative skewness distribution with negative skewness distribution). This 

was the case for normal distributions, positive skewness distributions, and negative skewness 
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distributions. In addition, proper equalization results are offered by the similarities in the form 

of the beginning distribution of the two testing devices that are being compared to one another. 

This is in agreement with what Souza et al (2017) has said, which is that the two test devices' 

modes of distribution must be identical. The distributions of the two sets of data must be the 

same in order for the equalization findings to be reliable; this is in addition to the fact that the 

score may be equalized by using the classical technique (Uto, 2021). This is something that may 

help ensure the equalization findings are reliable. This is so even if the mean and standard 

deviation are two different quantities. Muraki, Hombo, & Lee The same thing has been done by 

Tong and Kolen, which demonstrates that when the raw score distribution is the same, the 

outcomes of the equalization will be positive (Schalet et al., 2021). It is possible to compare or 

match the results of two or more testing devices provided that they have the same distribution 

(Moses, 2022). According to von Davier et al. (2019), one of the assumptions that must be made 

in order to get a satisfactory outcome with equalization is the existence of secondary 

distributions between the two scales or test devices. 

According to Aşiret and Sünbül (2016), the Circle Arc technique produces reliable results 

when the sample value is at least 50 for any number of samples in the range from 25 to 200. A 

low RMSE value is used as the basis for measuring the accuracy value. It was also clarified that 

even when taking into account the varying degrees of difficulty posed by the various test kits, 

the Circle Arc approach produces satisfactory results. Because of this, the Circle Arc technique 

has a wider range of applications. It would seem that the top whisker line in Figure 1 is longer 

than the lower whisker line for pairings of data groups that have the same distribution. This 

can be seen by comparing the lengths of the two lines. Assuming the same starting data 

distribution, the root-mean-squared error (RMSE) for equalization using the SCA technique has 

the same properties whether the data are normally distributed, positively skewed, or 

negatively skewed. These findings assume that the underlying data set was normally 

distributed to begin with. Results from equalization using the SCA method are those whose 

distributions are both normal and uniform; that is, the skewness of the distribution is uniformly 

positive. The longest portion of the whisker line is located at the top, while the shortest is at the 

bottom. Beyond the obvious alcohol's positive effects, all three have other characteristics. On 

the basis of this information, one may get the conclusion that the RMSE value for all three 

typically resulted in rather minor findings. The range that was produced as a consequence of 

this is fairly vast, and the value of drinking is comparatively higher than the value produced by 

pairs of data groups that have uneven data distribution. 

When it comes to equalization, the most common model is one based on linear equations. 

However, this approach assumes (without checking the data) that scores on test device X and 

test device Y are distributed normally (mean standard deviation) within the population of 

interest (Altintas & Wallin, 2021). Given this, it's tough to buy into the idea that a uniform set 

of guidelines governs the development of the test kit. However, the normalization links 

between the different test formats may not always follow a linear pattern in circumstances 

when the test formats give diverse degrees of difficulty. Since it is likely that X and Y testing 

devices would provide various levels of difficulty, nonlinear methods are a useful option in 

these cases (Albano, 2015). Unless you use the Circle Arc approach, which specifies nonlinear 

interactions between scales, this is not the case. When using the SCA technique, the component 
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of the scale that represents the center of the distribution is the one that provides the most 

accurate estimation of the equalized score. This is particularly true for samples that are 

relatively small. This is due to the fact that the approach in question utilizes a curve as its 

equalization distribution form. In accordance with this, Kim and Livingston claimed that the 

SCA approach exhibited high accuracy in the region of the 25 to 75 percentiles, particularly in 

small samples (LaFlair et al., 2017). In addition, Kim and Livingston state that the findings of 

equalization accuracy will have excellent accuracy when the two groups that are being 

compared have the same distribution. If this is the case, then the SCA technique will have good 

accuracy. 

Livingston & Kim conducted a study comparing the Chained, Levine, Tucker, Mean, Circle 

Arc, and Identity methods (O’Neill et al., 2020). The study uses small samples and uses the Root 

Mean Square Error (RMSE) and bias as a tool to evaluate the equalization results. The results 

of the research conducted indicate that the Circle Arc method provides a low RMSE value and 

bias compared to other methods. Ozdemir (2017) conducts research by comparing the methods 

included in the nonlinear category namely Equipersentil and Circle Arc. This study aims to 

equalize TIMSS 2011 data with TIMSS 2007 by using anchor items. The results obtained based 

on the results of Root Mean Square Error (RMSE) and Mean of Bootstrap Standard Error (MBSE) 

indicate that the Circle Arc method is better than the Equipercentile and Presmoothing method 

in terms of decreasing Error Standards and bias. Aşiret & Sünbül (2016) conducted a study 

comparing several methods of equalization and the number of samples. The study used the Root 

Mean Square Error (RMSE) as a criterion in evaluating the results of the equivalence. The 

results of the study show that the Circle Arc and Mean methods in the number of samples are 

50 or more (in the study using samples 10, 25, 75, 100, 150, and 200) with different levels of 

difficulty giving Equating Errors lower than other equalization methods. 

 

D. CONCLUSION AND SUGGESTIONS 

In light of the findings of the study and the conversations that have taken place so far, one 

may reach the following conclusion: The Simplified Circle Arc equalization technique can be 

employed as an alternate equalization method when tiny samples are involved. This is 

supported by the results of the analysis using RMSE, where this method always produces 

smaller errors than other methods. A small RMSE value indicates high accuracy. With the 

existence of an accurate score equalization method with fairly simple use because it uses a 

classical test theory approach, it is able to answer the problem of assigning grades at the school 

level. This method of equalization may be used at the class level, provided that the criterion of 

the number of students belonging to a small sample is satisfied, and that attention is paid to the 

similarities in the distribution of data values among students who are comparable. 
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