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Abstract – Developing structured test instruments is 
essential in forming a measurable and consistent ability 
assessment construct. This study examines the 
psychometric properties of the numerical aptitude test 
instrument (NAPTIN) utilizing Rasch model analysis 
to evaluate standardized numerical aptitude 
assessment test instruments for prospective high school 
(PHS) students based on validation and construct 
reliability. Data was collected using an online survey of 
228 PHS students. The Rasch model analyses person 
and item fit, item measure, dimensionality and local 
independence testing, reliability, and differential item 
functioning. The results showed that NAPTIN had 
appropriate and consistent items for measuring the 
numerical aptitude of PHS students based on gender 
and school type.  This study recommends a systematic 
measurement tool for researchers. Another 
contribution is measurement instruments for 
Indonesian schools and policymakers to choose student 
program specialties. 
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1. Introduction

Validity is the leading and essential factor for a
research study to develop test or non-test instruments 
for all fields of science (such as health, social 
sciences, and education). The instrument needs to 
identify the relevance of the theoretical study 
evidence with the data from field trials and the 
measuring instrument’s consistency based on the 
results of repeated tests over a long period of time 
and different research samples. Validity is the 
relevance of evidence and theory to interpreting 
scores and the test’s purpose. At the same time, 
reliability is the consistency of test results that are 
carried out repeatedly [1]. Validity is evidence and 
theory support for interpreting test scores according 
to the test’s purpose [2]. Validity refers to what a test 
is intended to measure or the purpose of the test. In 
addition, validity also refers to how far the test score 
provides accurate information for decisions based on 
the test score [3]. Reliability describes how the 
treatment, test, or measurement procedure produces 
the same results for repeated treatments. Reliability 
describes a measure of the consistency of an 
instrument based on the interpretation of the resulting 
score [4]. Reliability describes the extent to which 
the measurement results have a level of trust, 
reliability, stability, consistency, and stability [5]. 

Although many researchers have validated the 
development of aptitude test instruments, validation 
using the Rasch model analysis approach still needs 
to be done.  
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Several researchers have carried out the 
development of aptitude test instruments for several 
purposes, such as the selection of prospective student 
admissions to higher education [6], [7], selection of 
of prospective high school students [8], [9], as well 
as mapping the specializations of high school 
students in Indonesia [10], [11]. Development of 
other test instruments to assess language aptitude 
abilities with research samples of foreign language 
learners [12], university students [13], elementary 
school students [14], and native language speakers 
[15]. Other relevant research studies have been 
conducted to assess  the talents of vocational high 
school students in Taiwan [16] and to evaluate 
students’ mathematical abilities in Pakistan [17]. 
Additionally, there have been studies examining 
indicators of high school student graduation in Saudi 
Arabia [18].  

These researchers carried out several studies on 
the development of measuring instruments, namely 
construct validation of the development of talent 
instruments using a confirmatory factor analysis 
approach [6], [8], [18]. Other studies have only 
identified studies related to content validity and test 
instruments [9], [10], [13] and only some studies 
examine differential validity using differential item 
functioning analysis [7] to identify differences in 
students’ abilities towards the same item 
characteristics. Several researchers in Asia and 
Europe have used Rasch model analysis to validate 
the development of aptitude or intelligence 
instrument constructs and their association with 
learning. Identification of the quality of the talent 
instrument with the Rasch model analysis approach 
has been carried out by Kara, et al. [19] was used to 
assess the spatial aptitude of elementary school 
students in Turkey and for the secondary school level 
in Australia [20]. Cramman, et al. [21] used an 
analytical technique based on the Rasch 
measurement model to evaluate learning instruments 
based on Hindu-Arabic numeric symbols to improve 
students’ mathematical ability in England and 
Scotland. Other relevant research studies to identify 
the suitability of language proficiency assessment 
instruments with the theory of language aptitude tests 
involving student respondents in several countries in 
Europe and Asia [13]. Evaluation of the development 
of an inductive reasoning test instrument to predict 
academic success and cognitive intelligence 
processes of students in Vietnam was carried out by 
Van Vo and Csapó [22] using the Rasch model 
analysis approach based on identifying the suitability 
of items with the test instrument. 

Subsequent research studies used the same 
analytical technique to identify the psychometric 
properties and quality of numerical comprehension 
instruments for elementary school students in 

Indonesia [23] and New Zealand [24]. Weller, et al. 
[25] also evaluated psychometric properties in 
developing a numeracy ability scale instrument with 
research samples aged 18-89 years in the United 
States. Ilić, et al. [26] and Endler and Bond [27] used 
Rasch model analysis to validate the test instrument 
construct on the results of developing a measurement 
tool for assessing operational logic understanding in 
Serbian and Australian primary and secondary school 
students. Subsequent research by Vasilyeva, et al. 
[28], namely evaluating instruments with the same 
analytical approach to developing intelligence 
assessment measuring instruments consisting of 
analytical and conceptual-based abilities for 
elementary school students in the United States. 
Evaluation of other aptitude instruments, namely the 
word knowledgeability subtest, is used for placement 
of career abilities using undergraduate and graduate-
level student respondents at the University of Florida 
[29]. Evaluation of psychometric properties using the 
Rasch model analysis approach to develop 
intelligence tests using Raven’s Advanced 
Progressive Matrix construct [30] with a study 
sample of students at the University of Toronto. 

The validity of developing numerical aptitude 
test instruments using the Rasch model analysis 
approach is still rarely carried out, with validity and 
reliability studies taking into account the 
characteristics of persons and items and based on 
demographic variables of the research sample (such 
as gender and school status). The Rasch model is a 
psychometric method that aims to increase accuracy 
in item construction and item quality and measure 
respondents’ ability [31]. The Rasch measurement 
model is valid for rating scale items and can compute 
the likelihood of correct test item responses [32]. The 
approach using the Rasch model analysis is a 
structured and comprehensive approach to 
determining the reliability and validity of the test 
instrument. According to Bond and Fox [33], the 
Rasch model analysis comprehensively evaluates an 
instrument’s validity. Determining the construct 
validity of an instrument with the Rasch model 
analysis approach provides criteria or indicators 
related to how much the match level for each item 
defines the underlying construct [34]. 

Furthermore, the Rasch model analysis method 
yields detailed data for respondents and instruments 
[35], [36]. Other analysis results from this model 
technique can use Rasch probability to categorize fit 
responses depending on skill levels. In addition, the 
Rasch model analysis results can categorize the 
difficulty level for each item in the instrument and 
identify biased items and rating scales. The results of 
the subsequent analysis obtained item and person 
reliability, item separation index and person, and 
Cronbach’s alpha coefficient.  
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Reliability and validity are measured in classical 
theory tests based on Cronbach’s alpha coefficients 
and factor analysis. However, the Rasch model 
analysis approach, which emphasizes measure 
reproducibility over raw score reproducibility, 
requires the determination of the two measurement 
qualities [37]. This research study analyses the Rasch 
model to assess the psychometric properties of the 
NAPTIN development results. The steps are (1) 
person and item fit analysis, (2) measure items, (3) 
dimensionality and local independence tests, (4) 
reliability analysis and separation index, and (5) 
differential item function (DIF) analysis. 

DIF analysis is a type of differential validity that 
refers to differences in individual abilities in different 
sub-groups based on the nature or characteristics of 
the same item [38]. Items are identified as DIF if 
they have statistical characteristics different from 
individuals in different subgroups. DIF is a statistical 
term used to describe test items having different item 
difficulty estimates across different subgroups [39], 
[40], [41]. The DIF theory refers to the problem of a 
measuring instrument or test instrument related to 
differences in the functioning of items for different 
groups of test takers. Suppose two test takers with the 
same ability but different attributes (such as gender, 
school status, ethnicity, or language) have a varying 
chance of responding correctly to an item. In that 
case, that item is known as DIF. DIF-identified items 
lead to biased ability measurements that are 
influenced by confounding factors [42] and can 
potentially affect the results of score validity [43].  

A specific educational or psychological test has 
many items identified by DIF with the possibility of 
unfair conditions for certain groups, so it is necessary 
to identify these items and correct or remove them 
from the test instrument [44]. The difference in the 
functioning of these items for groups of test takers 
with different characteristics provides information 
that the test instrument has biased items. A test is 
said to be biased if there is evidence of an interaction 
between group members and the performance of the 
test items taking into account differences in abilities 
or psychological conditions between groups [45]. 
The DIF procedure is designed to identify each item 
that functions differently relative to some of the 
identified criteria. 

Practically and procedurally, this study aims to 
determine the quality of standardized numerical 
aptitude assessment test instruments based on the 
validation results and construct reliability using the 
Rasch model analysis approach. Determination of 
construct validation uses person analysis and item fit, 
item measure, dimensionality, local independence 
tests, and DIF analysis. The construct reliability 
study consists of identifying the reliability 
coefficients of persons, items, and tests and 

determining the quality of other instruments based on 
the value of the separation index.  

This research study significantly contributes to 
the construct validation process resulting from 
developing test and non-test measuring instruments 
for various studies in other fields of science. 
Specifically, this study contributed to the 
determination of respondents who met the unfit 
criteria who participated in the test of the instrument, 
identification of items that did not fit used for the 
assessment of numerical giftedness, determination of 
the number of measurable dimensions in the 
instrument, identification of respondents’ 
independence in responding to instrument items and 
reporting instrument quality based on reliability 
coefficient and separation index. In addition, this 
study has contributed to determining valid items by 
identifying differences in respondent groups in 
responding to items based on gender and school-type 
variables. The characteristics of valid items indicated 
no significant difference in the ability to respond to 
items for the two groups of respondents.  
 
2. Methodology 

 
The research methodology section of this article 

consists of the research instruments used to collect 
data on the NAPTIN trials. The second part consists 
of data on the characteristics of test takers or 
respondents consisting of prospective high school 
students in several regions in Indonesia. The next 
part, namely data analysis, involves using programs 
or software to analyze instrument trial data and data 
analysis techniques consisting of analytical 
approaches and procedures to obtain research results. 
In addition, the data analysis section describes the 
criteria based on the theory that supports the research 
results. 

 
2.1. Instruments 

 
Data collection used a numerical talent ability 

assessment instrument based on the results of 
developing a test measuring instrument using a 
review of relevant literature consisting of research 
articles and textbooks. A literature review was 
conducted to determine the measurable variables that 
define the observed variables (namely, numerical 
aptitude), the indicators for each measurable variable, 
and the preparation of instrument items based on 
indicators. The assessment instrument’s content 
validation determines the appropriateness scale of 
measured variables supporting observed variables, 
indicators of measured variables, and question items 
with indicators. Content validation used three 
material experts relevant to the field of mathematics 
consisting of 1 lecturer with a doctoral degree.  
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In contrast, the other lecturers and one teacher 
with the last educational qualification was a master’s 
degree. The validation results used the content 
validation index (CVI) based on the number of expert 
approvals obtained for each item with a CVI value of 
1.00. Valid item criteria use a CVI value equal to 
1.00 [46].      

 
Table 1. NAPTIN constructs and items 
 

Constructs Number of items Total 
items 

Algebraic ability 
(ALJ) 

ALJ1.1, ALJ1.2, ALJ1.3, ALJ2.4, 
ALJ2.5, ALJ3.6, ALJ3.7, ALJ4.8, 
ALJ4.9, ALJ4.10 

10 

Arithmetic ability 
(ART) 

ART1.1, ART1.2, ART1.3, 
ART1.4, ART2.5, ART2.6, 
ART3.7, ART3.8, ART4.9, 
ART4.10 

10 

Geometric ability 
(GEO) 

GEO1.1, GEO1.2, GEO1.3, 
GEO1.4, GEO2.5, GEO2.6, 
GEO2.7, GEO3.8, GEO4.9, 
GEO4.10 

10 

Total items 30 
 
2.2. Participants 

 
This study’s respondents were prospective high 

school pupils. The sampling technique used 
purposive random sampling, which pays attention to 
the types of public and private schools. The 
purposive random sampling technique is also called 
judgment sampling, namely the selection of research 
samples that are deliberately carried out by paying 
attention to the characteristics of the respondents 
based on age, background, and culture [47]. Data 
collection uses an online survey via Google Forms. 
The research participants who responded were 228 
respondents from 3 regional locations in Indonesia, 
namely West Java, South Kalimantan, and South 
Sulawesi. Table 2 describes the data related to the 
characteristics of research respondents based on 
gender and school-type variables. 

 
Table 2. Demographic characteristics of research 
respondents (N = 228) 
 

Variable Category Frequency Percentage 
Gender Male  98 42.98 

Female  130 57.02 
Type of 
School 

Public school  128 56.14 
Private school  100 43.86 

 
2.3. Data Analysis 

 
The response dataset of 228 prospective high 

school students was procedurally analyzed using the 
Winsteps 3.7.3 program. Data analysis techniques 
used the Rasch model analysis approach with 
procedures consisting of person fit analysis and 
person point measure correlation, item fit analysis 

and item point measure correlation, item measure, 
dimensionality, and local independence tests, DIF 
analysis, and reliability analysis, and separation 
index. 

The first stage involved analyzing data from 228 
respondents’ responses to 30 questions to determine 
person fit using the infit mean-square (MNSQ) and z-
standardized (ZSTD) criteria. MNSQ infit score 
criteria at intervals of 0.50 and 1.50 [48], [49], [50] 
and scores for ZSTD infit at intervals of -2.00 and 
2.00 [33], [39]. In the second stage, people with unfit 
criteria were eliminated and excluded in the person 
point measure correlation analysis stage. The 
analysis at this stage uses the criteria for a positive 
point measure correlation (PMC) value [39], [51]. 
The dataset from the PMC person analysis that meets 
the fit criteria is then subjected to an item fit analysis 
in the third step. This stage aims to identify fit items 
with the criteria of using the same MNSQ and ZSTD 
infit values in the person fit analysis. Items that did 
not fit were eliminated before PMC item analysis. 
Criteria with a positive PMC value are also used for 
the PMC item analysis stage—the item measure’s 
value is used in the fifth analysis stage. If items have 
the same measure value, then one item is retained 
and used for the subsequent analysis [52]. Items were 
maintained using fit criteria based on the MNSQ and 
ZSTD infit values close to 1.00 and zero, 
respectively [51]. 

Items that match the fit criteria based on the 
previous analysis stages are utilized in the sixth stage 
to assess the number of dimensions and identify the 
numerical aptitude test instrument’s local 
independence. The unidimensional determination 
criterion in this study used the results of the principal 
component analysis of the residuals (PCAR) based 
on the second residual contrast eigenvalue, which is 
smaller than 2.00 [53]. Then, identify the conditions 
of local independence using the standard residual 
correlation values criteria between items smaller than 
0.70 [54]. The seventh stage is the determination of 
bias items using DIF analysis. DIF analysis uses the 
type of DIF uniform effect using two groups with 
different respondent abilities based on school type 
and gender variables. The uniform DIF effect 
indicates differences in abilities for each member of 
the two groups based on school type and gender. The 
criteria for determining bias items for the two DIF 
effects use a contrast DIF value greater than 0.64 or a 
probability value based on the Mantel-Haenszel 
analysis, which is smaller than 0.05 [55].  

The final analysis stage, reporting the results of 
the statistical summary, consists of Cronbach’s alpha 
value, the person and item reliability coefficient, and 
the person and item separation index. The 
Cronbach’s alpha coefficient criterion greater than or 
equal to 0.70 fulfills the reliable criteria [56], [57].  
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Then, the criteria for instruments that meet 
reliable conditions based on the reliability coefficient 
of person and item are each value greater than 0.70 
[58]. As for determining the quality of other 
instruments based on the separation of person and 
item indexes, each uses a value greater than 1.50 and 
2.00 [39], [59].  
 
3. Results 

  
The results of data analysis on 228 research 

respondents who were test responses to NAPTIN 
with a test instrument length of 30 items using the 
Rasch model analysis approach consisting of a 
summary table of the analysis results of item and 
person fit, person and item PMC, item measure, 
dimensionality test, and local independence. The 
following results are uniform DIF analyses based on 
gender and school-type variables. Other analysis 
results are statistical summary tables of Cronbach’s 
alpha values, person and item reliability coefficients, 
and person and item separation indexes. 

Table 3 shows the results of the person fit 
analysis consisting of 1 stage of analysis obtained by 
all respondents, as many as 228 students meeting the 
fit criteria with MNSQ infit scores at intervals of 
0.80 and 1.17 and for ZSTD infit values at intervals 
of -1.80 and 1.40. This investigation determined the 
fit response criteria using the MNSQ infit value at 
intervals between 0.50 and 1.50 [48], [49], [50] and 
the ZSTD infit value at intervals between -2.00 and 
2.00 [33], [39]. These respondents were utilized in 
the next-person fit study based on PMC values. 

 
Table 3. Summary of the results of person fit analysis on 
NAPTIN 
 

Analysis Respondents of 
category 

Infit 
ZSTD  

Infit 
MNSQ  

Total 
respondents 

excluded 
First No respondents 

were excluded. 
-1.80 

to 
1.40 

0.80 to 
1.17 

0 

Overall total 0 
  

 

Table 4. Summary of PMC person analysis results on NAPTIN 
 

Analysis Respondents of category PMC Total respondents 
excluded 

First Male respondents with public school status  -0.30 to -0.07 11 
Female respondents with public school 
status  

-0.23 to -0.01 13 

Male respondents with private school status -0.28 to -0.01 14 
Female respondents with private school 
status 

-0.28 to -0.01 14 

Second Female respondents with public school 
status  

-0.02 1 

Female respondents with private school 
status 

-0.01 1 

Third No respondents were excluded. 0.00 to .68 0 

Overall total 54 

 
Overall, the findings of the person fit study in 

Table 4 employing the PMC value criteria consisting 
of three stages of investigation yielded 54 
respondents who were not fit with negative PMC 
values. The PMC score criteria in this study were 
positive [39], [51]. The analysis procedure was 
carried out three times in stages by identifying the 
PMC value for each stage of the analysis. In the first 
stage of analysis obtained 52 respondents with 
negative PMC values. The 52 respondents were not 
included in the second phase of the analysis, with the 
analysis results obtained from two respondents who 
needed to be fit. Then, for the third stage, the two 
respondents were eliminated so that 174 met the fit 
criteria. Respondents who met the fit criteria were 
used for item fit analysis of as many as 30 items. 
 

 
Table 5. Summary of the results of the analysis of item fit 
on NAPTIN 
 

Analysis Item number Infit 
ZSTD  

Infit 
MNSQ  

Total items 
excluded 

First ART1.3 -2.50 0.83 2 
ALJ4.10 4.10 1.20 

Second ALJ2.4 2.10 1.25 1 
Third No items were 

excluded. 
-1.90 to 

1.80 
0.87 to 

1.17 
0 

Overall total 3 
 
The fit item analysis results in Table 5 obtained 

three items that needed to be fitted with two items in 
the first analysis and 1 item in the second analysis. 
Meanwhile, in the third analysis stage, 27 fit items 
were obtained. The fit criteria use the same MNSQ 
and ZSTD infit value categories in the person fit 
analysis.  
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Analysis in the first stage obtained items ART1.3 
and ALJ4.10 with respective ZSTD infit values of -
2.50 and 4.10, so these two items were not fit and 
were not included in the second analysis stage. Then, 
for the second analysis stage, without including the 
two items, it was found that the ALJ2.4 item did not 
fit with an infit ZSTD value of 2.10 which is greater 
than 2.00. The twenty-seven fit items and 174 fit 
respondents were used for the following fit item 
analysis based on the PMC item value. 

Table 6. A summary of the PMC analysis results for 
NAPTIN items 
 

Analysis Item number PMC Total items 
excluded 

First No items were 
excluded. 

0.20 
to 

0.54 

0 

Overall total 0 

 
The following fit item analysis using PMC items 

obtained 27 fit items with PMC values of 0.20 and 
0.54, all of which were positive. The analysis 
described in Table 6 was only carried out in 1 stage 
of analysis. Twenty-seven fit items were obtained by 
analyzing the previous item fit stage. The item fit 
criteria use a positive PMC value [39], [51]. The 
following procedure still uses item fit analysis based 
on the measured value for each item. Identify fit 
items based on items in the same construct with the 
same measure value. For the first analysis stage in 
Table 7, 2 items were obtained in the algebraic and 
arithmetic ability constructs with the same item 
measure values of 0.15 and -1.05. As a result, MNSQ 
and ZSTD infit values must be used to identify fit 
items. As for the second analysis stage, it was found 
that ART3.7 and ART4.9 had the same measure 
value of 0.08 in the arithmetic ability construct. Item 
fit criteria use the MNSQ and ZSTD infit values 
close to 1.00 and 0.00, respectively [51]. The 
analysis results in the first stage contained items 
ALJ1.3 and ART2.5, as well as items ART3.7 in the 
second analysis stage. The ZSTD value was close to 
0.00, and the MNSQ infit value was close to 1.00 
compared to items ALJ1.1, ART2.6, and ART4.9. 
Thus, 24 fit items were obtained with 174 
respondents for use in the analysis of determining the 
number of dimensions in NAPTIN, identification of 
local independence, and DIF analysis as well as 
reliability analysis and analysis of instrument quality 
based on separation index. 

 
 
 
 

Table 7. A summary of the results of the NAPTIN item 
measurement analysis 
 

Construct/ 
Analysis IN MV Infit 

ZSTD  
Infit 

MNSQ  Results 

First analysis 
ALJ ALJ1.1 0.15 0.70 1.07 Excluded 

ALJ1.3 0.15 -0.10 0.99 Retained 
ART ART2.5 -

1.05 
-1.20 0.94 Retained 

ART2.6 -
1.05 

-1.90 0.90 Excluded 

Second analysis 
ART ART3.7 0.08 0.80 1.08 Retained 

ART4.9 0.08 -1.30 0.87 Excluded 
Total items excluded 3 
Note. IN – Item Number; MV – Measure Value 
 
Table 8. Results of the PCAR analysis of NAPTIN 
 

 Eigen 
value 

Expected 
(%) 

Observed 
(%) 

Total raw variance in 
observations 

29.80 100 100 

Raw variance explained by 
measures 

5.80 19.40 19.50 

Raw variance explained by 
persons 

2.10 7.10 7.10 

Raw Variance explained by 
items 

3.70 12.30 12.40 

Raw unexplained variance 
(total) 

24.00 80.60 80.50 

Unexplained variance in 1st 
contrast 

2.00 8.20 6.60 

Unexplained variance in 2nd 
contrast 

1.60 6.70 5.40 

 
Table 8 displays the findings of the subsequent 

analysis conducted to determine the number of 
dimensions in NAPTIN using PCAR. 
Unidimensional identification using eigenvalue 
criteria for unexplained variance is explained in the 
second contrast, which is smaller than 2.00 [53]. The 
PCAR analysis obtained an eigenvalue of 1.60 so 
that NAPTIN only measures one dimension. The 
following analysis procedure is the identification of 
local independence in NAPTIN. Table 9 shows the 
analysis results of correlation items between items as 
many as 23 pairs of items, each with the largest 
standardized residual correlation values between 
items at intervals of -0.0546 and 0.2275. The 
correlation value for the twenty-three pairs of items 
is less than 0.70, showing that NAPTIN meets the 
local independence criteria. 
 
 
 
 



TEM Journal. Volume 12, Issue 4, pages 2416-2429, ISSN 2217-8309, DOI: 10.18421/TEM124-54, November 2023. 

2422                                                                                                                             TEM Journal – Volume 12 / Number 4 / 2023. 

Table 9. A summary of NAPTIN item‘s largest 
standardized residual correlation values 
 

Item number Item number Correlation 
ALJ1.2 ALJ4.8 0.1118 
ALJ1.3 GEO1.3 0.0542 
ALJ2.5 ALJ4.8 0.2275 
ALJ3.6 ART2.5 0.1968 
ALJ3.7 GEO2.5 0.0625 
ALJ4.8 GEO4.9 0.1413 
ALJ4.9 GEO1.4 0.0441 
ART1.1 GEO2.6 0.0274 
ART1.2 GEO1.1 0.0945 
ART1.4 ART3.8 0.0895 
ART2.5 GEO1.1 0.0699 
ART3.7 GEO3.8 0.1026 
ART3.8 GEO1.2 0.1023 
ART4.10 GEO4.10 0.1440 
GEO1.1 GEO2.6 0.0673 
GEO1.2 GEO2.6 0.0234 
GEO1.3 GEO2.5 0.0656 
GEO1.4 GEO2.6 -0.0283 
GEO2.5 GEO4.10 0.0085 
GEO2.6 GEO2.7 0.1065 
GEO2.7 GEO3.8 -0.0219 
GEO3.8 GEO4.10 0.0089 
GEO4.9 GEO4.10 -0.0546 
 
Table 10. Summary of DIF uniform of NAPTIN test results 
by gender 
 

Item 
Number 

DIF Measure DIF 
Contrast 

Mantel-
Haenszel 
(Prob.) 

Females 
(F) 

Males 
(M) 

ALJ1.2 -0.18 0.25 -0.44 0.1370 
ALJ1.3 0.42 -0.27 0.69 0.1796 
ALJ2.5 0.29 0.99 -0.70 0.3935 
ALJ3.6 1.05 -0.28 1.32 0.0014 
ALJ3.7 0.71 0.99 -0.28 0.9435 
ALJ4.8 -0.39 -0.27 -0.12 0.8250 
ALJ4.9 0.63 0.25 0.38 0.8672 
ART1.1 -1.67 -1.48 -0.20 0.6449 
ART1.2 -0.88 -0.57 -0.31 0.4233 
ART1.4 -0.39 -0.03 -0.37 0.6730 
ART2.5 -1.08 -1.10 0.02 0.8838 
ART3.7 0.49 -0.43 0.91 0.0640 
ART3.8 -0.49 -0.78 0.28 0.3691 
ART4.10 0.35 0.46 -0.11 0.9022 
GEO1.1 0.56 0.36 0.20 0.8166 
GEO1.2 0.29 0.16 0.13 0.4006 
GEO1.3 0.42 0.06 0.35 0.7703 
GEO1.4 0.63 0.36 0.28 0.8425 
GEO2.5 -0.39 -0.03 -0.37 0.4572 
GEO2.6 0.16 0.58 -0.42 0.6628 
GEO2.7 -0.24 0.46 -0.70 0.0941 
GEO3.8 -0.44 -0.11 -0.33 0.3856 
GEO4.9 0.87 0.46 0.41 0.5715 
GEO4.10 -0.29 0.06 -0.35 0.3981 
 

The following analysis results are the DIF 
analysis of NAPTIN items by considering gender and 
school-type variables. Tables 10 and 11, respectively, 
show the results of the uniform DIF analysis based 
on school type (private vs. public) and gender (male 
vs. female) variables. In addition, Figures 1(a) and 
1(b), respectively, show the person DIF measure plot 
for each item based on these two variables.  

Table 10 and Figure 1(a) show no statistically 
significant difference in item difficulty for each pair 
of female and male respondents, except for items 
ALJ1.3, ALJ3.6, and ART3.7. These three items 
each have a DIF measure value of 0.69 (p = 0.1797), 
1.32 (p = 0.0014), and 0.91 (p = 0.0640), which is 
greater than 0.64, indicating that the item is biased 
[55]. These three items provide significantly different 
difficulty levels for groups of male and female 
students. Furthermore, these three items had a more 
accessible difficulty level for the male student group 
than the female group. The uniform DIF analysis 
then revealed that for the variable type of school, 
there were three NAPTIN items, namely ALJ4.9, 
ART4.10, and GEO2.5, each of which presented a 
statistically significant difference for each pair of 
student responder groups at public and private 
schools. The magnitude of the difference based on 
the contrast DIF values were 1.02 (p = 0.0391), 0.66 
(p = 0.0890), and 0.69 (p = 0.1634), respectively. 
Table 11 and Figure 1(b) respectively show that the 
three items have a more complex level of difficulty 
for groups of students in public schools than private 
schools. 

 
Table 11. Summary of NAPTIN uniform DIF test results 
based on school type 
 

Item 
Number 

DIF Measure 
DIF 

Contrast 

Mantel-
Haenszel 
(Prob.) 

Public 
school  

(S) 

Private 
school 

(V) 
ALJ1.2 -0.18 0.21 -0.39 0.4198 
ALJ1.3 -0.06 0.40 -0.46 0.5817 
ALJ2.5 0.25 0.96 -0.71 0.2635 
ALJ3.6 0.39 0.50 -0.11 0.6912 
ALJ3.7 0.98 0.60 0.37 0.4825 
ALJ4.8 -0.55 -0.04 -0.50 0.3113 
ALJ4.9 0.98 -0.04 1.02 0.0391 
ART1.1 -1.69 -1.43 -0.26 0.4821 
ART1.2 -0.88 -0.57 -0.31 0.5494 
ART1.4 -0.34 -0.12 -0.22 0.6749 
ART2.5 -0.97 -1.23 0.26 0.5561 
ART3.7 -0.12 0.40 -0.52 0.4202 
ART3.8 -0.39 -0.91 0.51 0.3769 
ART4.10 0.70 0.04 0.66 0.0890 
GEO1.1 0.39 0.60 -0.22 0.7042 
GEO1.2 0.18 0.30 -0.12 0.6562 
GEO1.3 0.18 0.40 -0.22 0.6691 
GEO1.4 0.46 0.60 -0.14 0.8714 
GEO2.5 0.06 -0.64 0.69 0.1634 
GEO2.6 0.46 0.13 0.34 0.6892 
GEO2.7 0.25 -0.28 0.53 0.2945 
GEO3.8 -0.34 -0.28 -0.06 0.9827 
GEO4.9 0.71 0.71 0.00 0.5706 
GEO4.10 -0.18 -0.12 -0.05 0.8622 
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Thus, the uniform DIF analysis results based on 
the gender variable obtained 21 items with 
characteristics of differences that were not significant 
for the two groups of females vs. male. These items 
meet the valid criteria with the construct of 5 items of 
algebraic ability (ALJ1.2, ALJ2.5, ALJ3.7, ALJ4.8, 
ALJ4.9), six items of arithmetic ability (ART1.1, 
ART1.2, ART1. 4, ART2.5, ART3.8, ART4.10), and 
for geometry ability variables as many as ten items 
namely GEO1.1, GEO1.2, GEO1.3, GEO1.4, 
GEO2.5, GE02.6, GEO2. 7, GEO3.8, GEO4.9, and 
GEO4.10. Whereas the DIF analysis based on school 
type variables (public vs. private) showed that there 
were 21 valid items with details of the algebraic 
ability construct as many as six items (ALJ1.2, 
ALJ1.3, ALJ2.5, ALJ3.7, ALJ4.8, ALJ4.10), six 
items for arithmetic skills (ART1.1, ART1.2, 
ART1.4, ART2.5, ART3.7, ART3.8), and for 
geometry ability variables as many as nine items 
namely GEO1.1, GEO1.2, GEO1.3, GEO1.4, 
GE02.6, GEO2.7, GEO3.8, GEO4.9, and GEO4.10. 

 
(a) 

 
(b) 

Figure 1. Plot the person DIF measure for each item 
based on the (a) gender and (b) school type variables 

 
Figure 2 shows the ICC plot representing items 

identified as biased based on differences in the ability 
of groups of students (male vs. female) and (public 
vs. private).  

Specifically, Figures 2(a) and 2(b) respectively 
show ICC plots for items ALJ3.6 and ALJ4.9, where 
the three items were identified as biased with positive 
contrast DIF values of 1.32 (p = 0.0014) and 1.02 (p 
= 0.0391). Each of these two items has two different 
ICCs for groups of students based on male (red 
curve) and female (blue curve) gender and for groups 
of students in public (blue curve) and private schools 
(red curve). The ICC shift to the right for the group 
of female students showed a more negligible 
probability of success than for male students to get a 
high score with a more complex level of item 
difficulty. In this case, the item indicates that female 
students have a more challenging level of difficulty 
than male students. Then, to shift the ICC to the right 
for groups of students in private schools, it shows a 
greater probability of success than students in public 
schools to get high scores with a more complex level 
of item difficulty so that the three items indicate that 
the group of students in private schools has a more 
accessible level of difficulty than students in public 
schools. 

 
(a) 

 
(b) 

Figure 2. The plot of characteristic curve items for (a) 
ALJ3.6 and (b) ALJ4.9 items with uniform DIF based on 

gender variables and type of school variables 
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The results of the following analysis related to 
the statistical summary consist of the reliability 
coefficient and separation index. The statistical 
summary in Table 12 consists of a Cronbach’s alpha 
value of 0.78, indicating a reliable NAPTIN with a 
reliability value criterion greater than 0.70 [56], [57]. 
The reliability analysis results using Cronbach’s 
alpha show the consistency of NAPTIN with the 
same results even though they use different research 
samples. The following statistical summary consists 
of the item and person reliability coefficients, each 
worth 0.88 and 0.68, indicating that NAPTIN has a 
low level of reliability for use on respondents with 
different characteristics. In contrast, the use of items 
has a high level of reliability for assessing numerical 
aptitude abilities. Then, the results of the quality of 
the other instruments based on the separation index 
consisting of persons and items each obtained a 
coefficient value of 1.46 and 2.75. The results of the 
separation person index show that NAPTIN can 
distinguish between two groups (number of groups = 
(4.00 × separation person index)/3.00) based on the 
different ability levels of the respondents. Then, for 
the separation item index, it shows that NAPTIN has 
varying levels of item difficulty to measure the test 
takers’ ability. 

 
Table 12. Summary of NAPTIN’s separation index and 
reliability coefficient 
 

Summary of statistic Value 
Cronbach’s alpha 0.78 
Person reliability 0.68 
Item reliability 0.88 
Person separation 1.46 
Item separation 2.75 
 
4. Discussion 

 
The psychometric components of the NAPTIN 

construct’s validity and reliability are examined in 
this study. The study used a response dataset of 228 
prospective high school students and a test 
instrument with 30 items for algebraic ability (ALJ), 
arithmetic ability (ART), and geometry ability 
(GEO). Construct validity consisted of person and 
item fit analysis, item measure, dimensionality, local 
independence tests, and DIF analysis, while construct 
reliability consisted of reliability analysis and 
separation index. The results showed that there were 
174 respondents and 24 items that met the fit criteria; 
NAPTIN fulfills the conditions of one-
dimensionality and local independence; the reliability 
of items, persons, and Cronbach’s alpha coefficients 
were 0.88, 0.68, and 0.78, respectively; and the 
separation person and item indexes were 1.46 and 
2.75, respectively.  

Then, the DIF analysis found that 21 items met 
the valid criteria and were suitable for assessing the 
numerical aptitude of prospective high school 
students in Indonesia based on gender and school 
status variables, respectively. 

Relevant research studies related to the use of the 
Rasch model analysis to identify the psychometric 
properties of the construct of talent or intelligence 
instrument development and also its relationship to 
ability assessment and implementation in the analysis 
process have been carried out by several researchers 
in several countries such as in mainland Asia [22], 
[23] and Europe [21], [25], [26]. Other relevant 
research studies have also been carried out by several 
researchers for assessing the talent abilities of 
elementary school students [28], evaluating career 
placement surveys [29], and identifying the 
development of intelligence instruments [30]. The 
same analytical approach has also been used by 
several researchers in mainland Oceania [20], [24], 
[27] and in Eurasia [13], [19]. 

Van Vo and Csapó [22] used the Rasch 
measurement model analysis to research the 
construction of inductive reasoning test instruments 
to discover cognitive intelligence processes and 
predict student academic progress in Vietnam. 
Identifying test item features using the Rasch model 
analysis to create valid and reliable instruments to 
measure students’ inductive reasoning abilities at 
each school level. The results of the analysis of item 
characteristics for the four measurable variables 
(namely, the ability to complete a series of pictures, 
series of numbers, picture analogies, and numbers) 
using the ACER Conquest program use dichotomous 
data consisting of the discriminant index, difficulty 
level, and MNSQ infit value. The results of the 
following analysis use the output of the Rasch model 
analysis, namely the Wright map, to identify 
predictions of the suitability of the test instrument 
based on theoretical studies. The evaluation reports 
test item evaluation findings using the correct map, 
defines the measurable variables, and compares item 
difficulty levels based on expected and actual 
outcomes in the data set.     

Another relevant research is identifying the 
psychometric aspects of numerical understanding 
instruments for elementary school students in 
Indonesia [23] and New Zealand [24]. A research 
study by Suranata, et al. [23] used the results of 
polytomous data responses to identify psychometric 
properties consisting of construct reliability and 
validity, test rubric quality, and analysis of 
instrument item identification based on differences in 
abilities for different groups of respondents.  
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Item quality analysis used the MNSQ and ZSTD 
outfit criteria; reliability studies and person-item 
separation indexes are used to evaluate other 
instruments; and PCA dimensionality test using raw 
variance criteria explained by measurements. Then, 
the quality of the test rubric is determined based on 
the assessment criteria used to classify the abilities of 
each student in response to each item. DIF analysis 
was also carried out, but only using criteria based on 
DIF size with categorical variables of respondents 
based on gender. The research study by Irwin and 
Irwin [24] compared the abilities of two to three 
different groups of students based on differences in 
treatment by considering the results of the analysis of 
the characteristics of the numerical comprehension 
test instrument items. Analysis of item characteristics 
consisted of difficulty levels for the three subtests: 
addition and subtraction, multiplication and division, 
and proportional reasoning.            

Identification of the quality of the following 
talent instrument using the Rasch model analysis 
approach has been carried out by Ramful, et al. [20] 
to obtain a standardized test instrument for 
measuring the spatial aptitude of secondary school 
students in Australia and primary school level in 
Turkey [19]. A research study by Ramful, et al. [20] 
analyses item characteristics based on item difficulty 
level for the usefulness of the test instrument used at 
each grade level. Another psychometric characteristic 
is analyzing item quality or suitability for each 
measured variable (spatial visualization, spatial 
orientation, and mental rotation sub-tests) using the 
MNSQ infit and outfit criteria and the infit and outfit 
statistical scores. Then, the research study by Kara, et 
al. [19] identified the psychometric properties of the 
construct of the visual-spatial ability (VS) test 
instrument consisting of analysis of item quality 
using the MNSQ infit and outfit criteria; the criteria 
for data compatibility with the Rasch model used 
point measure correlation (PMC), expected 
correlation (EC), and root mean square error 
(RMSE). Other psychometric properties based on the 
grain separation index and the reliability of each test 
indicate the test instrument’s quality. The 
dimensionality test employs a PCA-based eigenvalue 
criterion.             

An approach using Rasch model analysis to 
identify the quality of cognitive development test 
instruments [27] and instruments for adapting 
mathematical logic structures to formal operations in 
Piaget’s theory [26] respectively using research 
samples of elementary school and school students 
middle school in Australia and Serbia. 
Implementation of Rasch model analysis with the 
ACER Quest program by Endler and Bond [27] was 
carried out separately on age group data, which was 
used to calculate estimates of student abilities based 
on the age group variables.  

Then, research studies by Ilić, et al. [26] 
consisted of an analysis of the characteristics of the 
logical operation test instrument items using fit 
criteria based on the MNSQ and ZSTD infit and 
outfit values, the following psychometric properties 
using item reliability analysis, and item invariant 
conditions using a comparison of the three versions 
of the test instrument’s difficulty levels.          

Another relevant research study was conducted 
by Cramman, et al. [21] to evaluate learning 
instruments using Hindu-Arabic numeric symbols to 
improve students’ mathematical abilities in England 
and Scotland. Bokander and Emanuel [13] evaluated 
the suitability of the subtest on the language skills 
assessment instrument with the theory of the 
language aptitude test using the Rasch model 
analysis approach by involving student respondents 
in several countries in Europe and Asia. Analysis 
with the Winsteps 3.90 program was carried out 
separately using learning outcome data based on the 
pre and post-test stages to explore the psychometric 
properties of learning assessment using Hindu-
Arabic numeric symbols [21]. Psychometric 
properties include MNSQ infit and outfit statistical 
criteria for item suitability with the model, PCA 
criteria for dimensionality, separation person index, 
and test reliability for instrument quality.         

Weller, et al. [25] also evaluated psychometric 
properties to develop a numeracy ability scale 
instrument with research samples aged 18-89 in the 
United States. Psychometric properties consist of 
item analysis carried out procedurally in 2 stages of 
analysis based on statistical fit criteria using infit and 
outfit values. Each of the two stages of the analysis 
identified the quality of the instrument consisting of 
person reliability and test reliability using 
Cronbach’s alpha coefficient. Another study by 
Vasilyeva, et al. [28] evaluated the intelligence 
assessment test instrument for elementary school 
students in the United States using the Rasch model. 
The measurable variables in the assessment 
instrument consist of analytical and conceptual-based 
abilities. Evaluation of psychometric properties for 
the test instrument with the two measurable variables 
each uses a map variable to determine the quality of 
the items based on the level of difficulty of the items. 
The results of another analysis are to identify the 
score of the respondent’s ability based on the 
response data for each instrument item.  

The quality of another aptitude tool, the word 
knowledge subtest, was evaluated to place career 
abilities with respondents from the University of 
Florida’s graduate and undergraduate programs [29]. 
Analysis of the Rasch model using the Winsteps 3.31 
program consists of a dimensionality test, a 
description of the items ordered in a hierarchy, and 
an analytical study based on the reliability coefficient 
and separation person index.  
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The dimensionality test based on the item 
analysis results using statistical criteria consists of an 
infit mean square standardized residual (MS) value 
that is less than or equal to 1.30 and a ZSTD score 
that is less than 2.00. Analysis of sorting items in a 
hierarchical manner using a person and item map, 
which describes the distribution of items and each 
person based on the difficulty level of the item and 
the test takers’ ability. This hierarchical ordering of 
items aims to identify inconsistencies in the 
presentation of items in the ability subtest in the 
word knowledge subtest. The person reliability 
coefficient shows that the items consistently produce 
test takers’ ability scores. In contrast, the separation 
person index shows that the instrument’s condition 
can differentiate the test takers’ abilities into three 
different ability levels. Evaluation of psychometric 
properties against the development of other 
intelligence test instruments using Raven’s Advanced 
Progressive Matrix construct [30]. The analysis uses 
the Rasch measurement model based on student 
research sample data at the University of Toronto. 
The research study uses statistical criteria Q1 and Q2 
to examine the test instrument’s dimensionality 
depending on item difficulty and the test taker’s 
ability. The unidimensional criterion uses a statistical 
significance test using the Rasch model with a p-
value greater than 0.001. Identify other psychometric 
properties, namely item validation, by identifying 
differences in respondents’ abilities based on gender 
using Q1 statistical values.   

Overall, research studies on testing the quality of 
test instruments by several researchers in Asian, 
European, Oceanian, and Eurasian countries using 
the Rasch model analysis approach have 
characteristics and analytical adequacy that align 
with the research objectives. However, the current 
research study contributes to a procedural analytical 
study to identify psychometric properties of the 
constructs resulting from the development of aptitude 
test instruments. The analytical study uses the Rasch 
model of measurement, which pays attention to 
person and item variables. Another analytical study 
in the current research study used DIF analysis to 
obtain valid items based on the identification of no 
difference in the ability of test takers to respond to an 
item based on gender and school-type variables.   
  
5. Conclusion 

 
     Standardized tests and non-test instruments have 
criteria for the relevance of theoretical study evidence 
with data from field trials and the consistency of 
 
 
 

measuring instruments based on the same test results 
on the frequency of repeated test execution and the 
use of different research samples.  

One alternative to identify the criteria for the 
relevance and consistency of the test or non-test 
instrument is the Rasch model analysis approach, 
which considers the characteristics of persons and 
items. The purpose of implementing the Rasch model 
analysis in this research project is to obtain a valid 
and reliable numerical aptitude test instrument for 
measuring the numerical aptitude of prospective high 
school pupils in Indonesia. The analysis consisted of a 
person fit analysis using the MNSQ and ZSTD infit 
value criteria and the person point measure 
correlation value. Person fit analysis is performed 
until all persons meet the fit criteria. The data from 
the fit response analysis were used to identify fit 
items with the MNSQ and ZSTD infit value criteria 
and point measure correlation items. Other item fit 
criteria use item measures to identify items that define 
the same measure variable. Data from person analysis 
and item fit are used for instrument prerequisite tests 
consisting of dimensionality tests and identification of 
local independence. The next psychometric trait uses 
DIF analysis to discover gender and school-type 
differences in test takers’ item-response abilities. The 
reliability coefficients of items, persons, and 
Cronbach’s alpha, as well as the value of the 
separation index of item and person, are used to 
assess the quality of other instruments. The limitation 
of this study is the use of a research sample consisting 
of prospective high school students in Indonesia. As a 
result, the research findings only contribute to 
adopting reliable and acceptable aptitude test 
instruments in Indonesia for determining majors in 
specialization programs at the senior high school level 
based on assessing students’ numerical aptitude 
abilities. Nonetheless, the results of this research 
study contribute to science and become a reference 
for relevant research related to the validity and 
reliability of the constructs of test and non-test 
instruments using the Rasch measurement model 
approach.  
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