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Abstract— This study outlines the development steps of a mathematics learning outcomes test and compares item characteristics using 

AnBuSo, ITEMAN, and RStudio software. Employing the 4D model (define, design, develop, disseminate) in Research & Development  

(R&D) methodology, the research took place in an East Java 8th-grade junior high school during the 2022/2023 academic year's second 
semester, focusing on circle material. A small -scale trial involved 33 students. Content validity assessment by 3 experts showed high 

validity for all items. Exploratory Factor Analysis (EFA) for construct validity revealed 3 factors comprising 7 items. Facto r 1 contained 

5 variables (items 1, 7, 9, 13, and 15), factor 2 had 1 variable (item 14), and factor 3 had 1 variable (item 12). Comparative analysis of 

item characteristics among AnBuSo, ITEMAN, and RStudio demonstrated similar and nearly identical values in differentiation an d 

difficulty level, indicating good differentiation and moderate difficulty across all items. Thus, it’s in ferred that all three software options 
are equally effective for item characteristic analysis. 
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I. INTRODUCTION 

The instrument can also be referred to as a tool. In a 

general sense, a tool is an object o r device used to assist 

someone in performing a task or achieving a goal more 

effectively and efficiently [1]. Research instruments refer to 

various tools, objects, devices, signs, or objects used in 

collecting data. Instruments also encompass various methods, 

devices, or tools used to gather data, both in qualitative and 

quantitative research. Furthermore, instruments are used as 

tools to collect data in social research, such as through the use 

of questionnaires, interviews, or observations [2], [3], [4], 

[5]. 

Mathematics is one of the subjects that plays a significant  

role in education. According to [6], Mathemat ics is a 

discipline focused on abstract concepts and methods used to 

describe and explain patterns, structures, and relationships in 

the real world. Proficiency in mathemat ics is not only 

essential in everyday life but also serves as a strong 

foundation for understanding more complex scientific and 

technical concepts. One of the frequently taught topics in 

mathematics is the circle. The circle is a highly important 

geometric shape with numerous real-world applications. 

Understanding the concept of a circle involves 

comprehension of radius, diameter, circumference, and area 

of a circle. A good understanding of this material is crucial in  

solving mathematical, physical, and engineering problems. 

[7] in their book provide insights into authentic assessment 

approaches that can be used in developing more effective 

mathematics tests, including for circle -related topics. 

Additionally, [8] in  their book offers guidance on contextual 

mathematics teaching, aiding teachers in designing more 

effective teaching strategies for circle-related topics. 

In the process of learning mathematics, tests become an 

essential tool for measuring students' understanding of the 

taught material. Tests in an educational context aim to gain a 

better understanding of students' abilit ies, identify their 

strengths and weaknesses, and support relevant 

decision-making processes to enhance learning. Mathematics 

tests on circle-related topics aim to assess students' abilities 

in applying concepts and formulas related to circles. 

However, experiences show that students often face 

difficult ies in  understanding circle-related materials. Many of 

them struggle with grasping basic concepts, recognizing the 

appropriate formulas, and applying them to given problems. 

Factors such as inadequate concept comprehension, 

ineffective teaching methods, and insufficient practice can be 

primary causes of these difficulties. 

To address these challenges, it's important to develop 

mathematics test outcomes in  the context  of circle -related 

materials. Through well-constructed test outcomes, accurate 

informat ion about students' understanding of the material can 

be obtained. Research on the development of realistic 

mathematics test instruments for circle -related topics for 

junior h igh school students has been conducted by [9], 

discussing the development of realistic mathematics test 

instruments focusing on circle-related materials for junior 
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high school students, offering inspiration in designing more 

engaging and relevant mathematics tests. Research on 

developing contextually loaded mathematics problems to 

enhance high-level thinking abilities among senior high 

school students has also been carried out by [10]. This article 

offers insights into developing contextually loaded 

mathematics problems as an alternative method to test 

students' understanding of circle-related materials. 

With a deep understanding of students' difficult ies  and 

weaknesses, teachers can devise more effective teaching 

strategies and design appropriate exercises. This article will 

discuss the development of mathemat ics test outcomes 

related to circle-related materials. Research and development 

in this regard will provide insights into how to design 

questions suitable for students' comprehension levels and 

evaluate their abilit ies comprehensively. Consequently, it is 

expected that students' understanding of circle -related 

materials can be enhanced, leading to improved test 

outcomes. This research aims not only to explain the steps in 

developing mathematics learning outcome test instruments 

but also to provide results related to comparat ive analysis of 

item characteristics using software such as AnBuSo, 

ITEMAN, and RStudio. 

II. METHODS AND METHODOLOGY 

This research is a developmental study that refers to the 

steps in composing questions according to [11], namely (1) 

determining the test objectives, (2) constructing the test 

blueprint, (3) writ ing the questions, (4) scrutinizing the 

questions (review and revision of questions), (5) field-testing 

the questions, includ ing analysis and improvement, and (6) 

assembling the questions into a test instrument. 

The study was conducted in one of the 8th-grade junior 

high schools in East Java. A s mall-scale instrument trial was 

performed with 33 students. This research took place in the 

second semester of the academic year 2022/2023, focusing 

on circle-related materials, which were also part of the 

curriculum for the second semester of the academic year 

2022/2023. The research method employed was the R&D 

(Research and Development) 4D model (define, design, 

develop, disseminate). 

A reliable instrument is one that consistently measures 

what is intended to be measured over time [12]. The 

reliability calcu lation for this instrument was carried out 

using Cronbach's Alpha, and the obtained values were based 

on the following reliability coefficient table. 

Table 1. Reliability Coefficient 

Reliability Coefficient Reliability Level 

0,80 – 1,00 Very High 

0,60 – 0,80 High 

0,40 – 0,60 Sufficient 

0,20 – 0,40 Low 

0,00 – 0,20 Very Low 

One of the calculat ions for the content validity  coefficient  

is by using the V Aiken index to determine whether the 

developed items are valid or not. Aiken (1985) formulated 

the Aiken’s V formula to calculate the content-validity 

coefficient based on assessments by a group of experts, n 

individuals, regarding the extent to which an  item represents 

the measured construct. The V index ranges from 0 to 1, with 

the formula used as follows. 

𝑉 =
∑ 𝑠

𝑛(𝑐−1)
                                                                (1) 

Where, 

𝑉 : Expert agreement index regarding item validity 

𝑟 : The numbers given by the expert 

𝑠 : 𝑟 − 𝑙0 

𝑙0 : 
The lowest validity assessment rate  

(in this case is 1) 

𝑛 : Number of experts 

𝑐  : 
The highest validity assessment rate  

(in this case is 5) 

After being calculated and obtained index v then given  

conclusions related to the results obtained. The following is a 

category of validity in the aiken validation index. 

Table 2. Category of validity in the aiken validation index 

Value Description 

≤ 0.4 Low validity 

0.4-0.8 Medium validity 

≥ 0.8 High validity 

In the test trial results conducted with 33 eighth-grade 

students from a school in East Java, item analysis was 

performed on the test instrument to determine the 

characteristics of item discrimination, item difficulty level, 

and the effectiveness of distractors. Item analysis 

calculations were conducted using three software tools, 

namely AnBuSo, ITEMAN, and RStudio, to compare the 

results of item analysis among these three software programs.  

III. RESULTS AND DISCUSSION 

Content Validity 

The content validity test was carried  out using Equation (1) 

with 3 experts and obtained results as in the following table. 

Table 3. Aiken V Index Calculation Results  

Question 
Expert 

1 

Expert 

2 

Expert 

3 
S1 S2 S3 

Sigma 

S 
V Info 

1 5 5 4 4 4 3 11 0,92 High 

2 5 4 4 4 3 3 10 0,83 High 

3 5 5 4 4 4 3 11 0,92 High 

4 5 5 4 4 4 3 11 0,92 High 
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Question 
Expert 

1 

Expert 

2 

Expert 

3 
S1 S2 S3 

Sigma 

S 
V Info 

5 5 5 4 4 4 3 11 0,92 High 

6 5 5 4 4 4 3 11 0,92 High 

7 5 5 4 4 4 3 11 0,92 High 

8 5 4 4 4 3 3 10 0,83 High 

9 5 5 4 4 4 3 11 0,92 High 

10 5 5 4 4 4 3 11 0,92 High 

11 5 4 4 4 3 3 10 0,83 High 

12 5 5 4 4 4 3 11 0,92 High 

13 5 4 4 4 3 3 10 0,83 High 

14 5 4 4 4 3 3 10 0,83 High 

15 5 5 4 4 4 3 11 0,92 High 

From the 15 items in  this instrument, the results indicated  

that according to the assessments of 3 experts, all items fell 

into the category of items with h igh validity because their V 

values were greater than 0.80, as referenced in the Valid ity 

Categories table in the Aiken Validation Index. Th is 

demonstrates that the items in this instrument can be used for 

test trials, confirming their validity for such purposes. 

Construct Validity 

The construct validity test in this study was conducted 

using Exploratory Factor Analysis (EFA) following prior 

tests of correlation and variable adequacy using Bartlett's 

Test and KMO. Using RStudio software, the Bart lett's Test 

resulted in a significance value of 0.0003 ≤ Alpha 0.05. Th is 

outcome indicates that the variables are correlated with each 

other and are suitable for further analysis. The KMO analysis 

yielded a value of 0.6 ≥ 0.5, indicat ing homogeneity among 

the variables and suitability for further analysis. Below are 

the correlation matrix analysis results for the 15 items as 

shown in Table 4. Several items with  KMO values ≤ 0.5 

cannot proceed in the process. Items 2, 3, 4, and 5 were 

excluded from further analysis according to Table 4 due to 

their KMO values being ≤ 0.5. 

Table 4. KMO MSA value for each item. 

Item MSA 

1 0.68 

2 0.35 

3 0.33 

4 0.46 

5 0.49 

6 0.63 

7 0.81 

8 0.57 

9 0.67 

Item MSA 

10 0.79 

11 0.54 

12 0.57 

13 0.59 

14 0.53 

15 0.65 

Determining the number of factors can be done by looking 

at the Scree Plot as in  Figure 1. The scree plot shows that of 

the 11 factors that have a correlation, after ext raction 3 

factors are formed with eigenvalue requirements ≥1. 

 
Figure 1. Scree Plot 

Following is results EFA analysis with RStudio  help  

before done rotation. 

Table 5. Before Rotation 

Item ML1 ML2 ML3 

V1 0.49 0.78 0.28 

V6 -0.11 -0.4 0.08 

V7 0.23 0.49 0.28 

V8 0.4 0.22 -0.21 

V9 0.59 0.4 0.17 

V10 0.44 0.36 0.17 

V11 0.06 0.17 -0.11 

V12 0.84 -0.03 0.53 

V13 0.42 0.45 -0.26 

V14 0.83 -0.01 -0.55 

V15 0.41 0.5 -0.18 

In the EFA analysis prio r to rotation, many items couldn't  

qualify for further analysis as they did not meet the criteria to 

be included in any component due to their values being < 0.5. 
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If continued, only 5 items remained: Item 1 in Component 2, 

Item 9 in Component 1, Item 12 in Component 1, Item 14 in  

Component 1, and Item 15 in  Component 2. None of the 

items were included in Component 3. Therefore, rotation was 

necessary, and the results are obtained as presented in Table 

6. 

Table 6. After Rotation 

Item 
Component 

1 2 3 

V1 0.93 -0.08 0.11 

V6 -0.44 -0.06 0.21 

V7 0.59 -0.19 0.1 

V8 0.24 0.38 -0.03 

V9 0.5 0.14 0.28 

V10 0.45 0.05 0.21 

V11 0.18 0.11 -0.14 

V12 0.06 0.07 0.95 

V13 0.5 0.4 -0.18 

Item 
Component 

1 2 3 

V14 -0.04 0.98 0.09 

V15 0.56 0.31 -0.15 

Based on the rotated matrix component results as shown in 

Table 6, each variab le has been grouped into respective 

factors. Items 6 and 11 exh ibit  correlation values ≤ 0.5, 

indicating their low correlat ion with the formed  factors. From 

this rotation outcome, it is observed that Factor 1 comprises 5 

variables (items 1, 7, 9, 13, and 15), Factor 2 includes 1 

variable (item 14), and Factor 3 consists of 1 variab le (item 

12). 

Analysis Characteristics Item 

After the format ion of three factors, an analysis of the 

characteristics of the items was conducted using a classical 

approach by comparing  three software tools, namely  

AnBuSo, ITEMAN, and RStudio. A comparison of the 

discrimination values obtained from the three software tools 

is presented in Table 7. 

Table 7. Comparison of item discrimination parameter values for AnBuSo, ITEMAN, and RStudio 

Question 

item discrimination 

AnBuSo Iteman RStudio 

Coefficient Information Coefficient Information Coefficient Information 

1 0.757 Good 0.769 Good 0.757 Good 

7 0.436 Good 0.443 Good 0.436 Good 

9 0.685 Good 0.695 Good 0.685 Good 

12 0.543 Good 0.552 Good 0.543 Good 

13 0.494 Good 0.502 Good 0.494 Good 

14 0.477 Good 0.485 Good 0.477 Good 

15 0.512 Good 0.520 Good 0.512 Good 

 

From the analysis of item characteristics using AnBuSo, 

ITEMAN, and RStudio software, it was found that all items 

exhibited good discrimination ability. This indicates that 

among the seven items analyzed, all of them were able to 

effectively differentiate between students with lower abilities 

and those with higher abilities. The calcu lated results 

obtained from the three software programs showed minimal 

differences. The overall item d iscrimination for all items 

ranged from 0.30 to 1.00. The lowest discrimination value 

was 0.436 for AnBuSo and RStudio, and 0.443 for ITEMAN. 

On the other hand, the highest discrimination value was 0.757 

for both AnBuSo and RStudio, and 0.769 for ITEMAN. 

Table 8. Comparison of difficulty level values for AnBuSo, ITEMAN, and RStudio  

Question 

Difficulty Level 

AnBuSo Iteman RStudio 

Coefficient Information Coefficient Information Coefficient Information 

1 0.424 Medium 0.424 Medium 0.424 Medium 

7 0.697 Medium 0.697 Medium 0.697 Medium 

9 0.636 Medium 0.636 Medium 0.636 Medium 
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Question 

Difficulty Level 

AnBuSo Iteman RStudio 

Coefficient Information Coefficient Information Coefficient Information 

12 0.545 Medium 0.545 Medium 0.545 Medium 

13 0.576 Medium 0.576 Medium 0.576 Medium 

14 0.424 Medium 0.424 Medium 0.424 Medium 

15 0.394 Medium 0.394 Medium 0.394 Medium 
 

In addition to obtaining the discrimination values, the 

analysis of item characteristics resulted in obtaining the 

difficulty level for each item, as shown in Table 8. In the 

comparison among the three software tools, all items in this 

instrument fall into the moderate category as they range 

between 0.30 and 0.70. Among the three software tools used 

to analyze the difficulty level of the items, the results from 

AnBuSo and RStudio showed a remarkable similarity up to 

three decimal p laces. Meanwhile, the analysis results from 

the ITEMAN software exhib ited a slight difference of less 

than 0.1. 

Effectiveness of Distractors 

Table 9. Effectiveness of Distractors  

Answer Distribution 

A B C D 

Alternative 

Answers Are 

Ineffective 

Information 

9.1 15.2 33.3 42.4* - Good 

9.1 12.1 9.1 69.7* - Good 

63.6* 27.3 3.0 6.1 - Good 

54.5* 6.1 18.2 21.2 - Good 

6.1 21.2 57.6* 15.2 - Good 

27.3 42.4* 21.2 9.1 - Good 

39.4* 27.3 27.3 6.1 - Good 

The distribution of participants' answers can be observed 

in Table 9. It is evident that all seven items fall into the 

category of being good. Each selected answer alternative 

represents at least 2% of the sample used in this instrument's 

trial. Among the seven items, the answer alternatives offered  

are effective and do not require any revision as distractors. 

Hence, it can be concluded that the distractors are working 

effectively. 

Reliability 

The reliability calculation fo r this instrument was  

performed using RStudio software, yield ing a result of 0.771. 

Therefore, it can be concluded that the reliability of this 

instrument falls into the high category since the generated 

value is > 0.70, as per the reliability category in Table 1. 

IV. CONCLUSION 

The Content Valid ity Test was conducted with 3 experts, 

and the result showed that all 15 items were considered as 

items with high  validity according to  the experts (V > 0.80). 

Therefore, the items in this instrument can be used for the 

instrument's trial. The construct validity test in this study was 

carried out using Exploratory Factor Analysis (EFA), 

preceded by testing the correlation and variable suitability 

using Bartlett's Test and KMO. The Bartlett's Test resulted in 

a significance value of 0.0003 ≤ A lpha 0.05, and the KMO 

analysis yielded a value of 0.6 ≥ 0.5, indicat ing that the 

variables were correlated and suitable for further analysis. 

Some items with KMO values ≤ 0.5 could not continue the 

process; hence, items 2, 3, 4, and 5 were excluded from 

further analysis. 

From the factor analysis, three factors were formed  with  

the condition of eigenvalues ≥ 1. Based on the rotated 

component matrix results, three factors were formed, each 

with its members. Items 6 and 11 had correlation values ≤ 

0.5, indicating their weak correlation with the formed factors. 

Factor analysis revealed that Factor 1 co mprises 5 variables 

(items 1, 7, 9, 13, and 15), Factor 2 includes 1 variable (item 

14), and Factor 3 consists of 1 variable (Item 12). 

The item characteristic analysis using AnBuSo, ITEMAN, 

and RStudio indicated that all items had good discrimination 

since the discrimination values ranged between 0.30 and 

1.00. In the comparison among the three software tools, the 

difficulty level for all items in this instrument fell into the 

moderate category (0.30-0.70). When comparing the results 

of both discrimination and difficulty level characteristics 

among the three software tools, all three showed similar and 

almost identical values. Therefore, it can be concluded that 

all three software tools are equally suitable for selecting for 

item characteristic analysis.  

Observing that all seven items were categorized as good, it 

can be concluded that the distractors worked effect ively. The 

reliability calcu lation for this instrument, done using RStudio 

software, resulted in a value of 0.771, classifying the 

instrument's reliab ility as high due to the generated value 

exceeding 0.70.This research focused more on comparing 

item characteristic analyses using three software tools. A 

suggestion for future research could be emphasizing the 

refinement of learning objectives (KD) down to the created 

items. 
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