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ABSTRACT

The test in the field of education is a measuring tool used by educators and to support the process of assessing the
abilities of students. However, all items contained in the instrument need to be tested. This study aims to test the
construct validity of the Cognitive Abilities (CA) questionnaire instrument with the Computer-Based Test (CBT)
model. The research sample of this study consists of 31 students. The method used to collect data is a
questionnaire. The instrument used in collecting data is a questionnaire. The assessment of the questionnaire
instrument was carried out by five experts who were invited as validators in the process of the Focus Group
Discussion (FGD) technique. Checking the construct validity of the questionnaire was carried out by confirmatory
factor analysis (CFA) using LISREL 9.30, with a small sample. The result confirmed that the value of approximate
fit (chi-square) = 0.00 < 0.03, degree of freedom (df) = 0 < 2.00, the Root Mean Square Error of Approximation
(RMSEA) = 0.000 < 0.08 and p-value 1.000.000 > 0.80. Based on the results, the data shows a better fit with the
correlated one-factor model or single item or questionnaire (content, construction, and language style). The point
of view that construct validity emphasizes more on how far the questionnaire compiled is related to the theoretical
measurement of the concepts that have been prepared by asking for expert judgment.

1. INTRODUCTION

The cognitive abilities are soft skills in the proses of knowledge to evaluation by Bloom. The
cognitive abilities (intellectual tendency) in the applied, social, or behavioral sciences for many researchers
is frequently regarding studying theoretical constructs that cannot be observed directly, as an example, in
education is cognitive abilities. In order to measure cognitive skills, it can be done through the test
(Duckworth & Yeager, 2015; Berger & Karabenick, 2016). The test in the field of education is a measuring
tool used by educators in making judgments or assessing the learners. The test is conducted to support the
process of assessing the abilities of students (Bromberek-Dyzman et al., 2021; Mastroleo et al., 2020;
Roediger et al., 2011). Pragmatically, in the era digital literacy industry 4.0 revolution, CBT model is
defeating the popularity of the paper-pencil based test (PPT) models (Boevé et al, 2015; Jeong, 2014;
Khoshsimaetal, 2017; Maier etal,, 2016; Peters, 2017). The concept of assessment in the learning becomes
a topic of cognitive abilities tendency using CBT model (Kaya & Leite, 2017; Lin et al, 2018). For educators,
the CA-CBT model is used to classify or mapping the cognitive abilities of the students. Educators can find
the weaknesses and strengthness of each learner so that it will be beneficial for the improvement strategies,
methods, and techniques of learning (Moore & Miller, 2018). However, All items contained in instruments
need to be tested. In theory and practice, the instruments used in the development of a model can do with
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a construct validity approach (Han & Han, 2016; Hayton et al., 2012). The process of accepting or rejecting
the test model can be done through construct validity by (Marsh, Morin, Parker & Kaur, 2014; Perry,
Nicholls, Clough & Crust, 2014). Empirically, construct validity is the main issue to establish the feasibility
of the conceptual model proposed as stated (Calvo et al., 2019; Neill et al., 2016; Rochefort et al., 2018;
Sellbom et al., 2015; Tamboer & Vorst, 2015; Taylor et al., 2018; Wong et al., 2013). Based on the point of
view, construct validity is a technique to test the correctness of a designed measuring instrument (Li, 2016;
Orr et al, 2017). Construct validity is testing some variables that correlate typical details of the indicators
contained in a measuring instrument.

The CA-CBT model is the test tool commonly used by educator to administer several questions in
expressing mastery or non-mastery cognitive abilities to the learner (Huebner, Finkelman & Weissman,
2018; Kaplan, de la Torre & Barrada, 2015; Ma & de la Torre, 2016). It’s interesting to develop the test as a
tool to measure the cognitive abilities of students (1%, 1, 2 1, n.d.; Alla Belousova, 2015). The CA-CBT with
the multiple-choice item quality question approach is carried out as a requirement to establish the construct
validity (Blikstein, Kabayadondo, Martin & Fields, 2017). The proof of the quality of the CA-CBT model can
be done with the item test (Lin & Chang, 2019; Huang, 2019) and construct validity. Another opinion
belongs by Burcu, Alexander & Ng (2015) and Krumm et al (2016) stated that the construct validity can be
done using the CFA approach with single items or a one-factor model. CFA is a technique for the test
conformity between the latent variables and observed variables (Brigman et al, 2015; Cokley, 2015; Guille,
Arias, Vicente & Badia, 2016). In theory and practice, the instruments used in the development of a model
can do with a construct validity approach (Shuck, Adelson & Reio Jr, 2016). The process of accepting or
rejecting the test model can be done through construct validity by (Marsh, Morin, Parker & Kaur, 2014;
Perry, Nicholls, Clough & Crust, 2014). Empirically, construct validity is the main issue to establish the
feasibility of the conceptual model proposed as stated (Neill et al., 2016; Rochefort et al., 2018; Sellbom et
al,, 2015; Tamboer & Vorst, 2015). Based on the point of view by (Li, 2016; Orr et al, 2017), construct
validity is a technique to test the suitability between what is to be measured and the tools used to measure
it.

Based on the opinion, construct validity is testing some variables that correlate typical details of
the indicators contained in a measuring instrument (Richardson et al, 2016). CFA is typically evaluated on
the basis of goodness of-fit indexes (Marsh, Morin, Parker & Kaur, 2014). In the face of their popularity,
according what worth these indexes should reach to confidently specify between the acceptance and
rejection of a model has been greatly debated (Lai, 2019; Brenner, Heath, Vogel, & Credé, 2017; Marcoulides
& Yuan, 2017). Many experts argue that, using CFA to test the questionnaire instrument and calculated
model fit indexes with 31 students (respondents), is very small size of sample for the model construction
(Prudon, 2015; Hoofs et al, 2018; Lewis, 2017). However, (Wolf, Harrington, Clark, Miller, 2013; Jackson,
Voth, & Frey, 2013; Ory, & Mokhtarian, 2010) have conducted studies with a small sample using CFA.
Therefore, the main issue of this article is to evaluate the construct validity of the CA-CBT model to measure
students cognitive abilities with the one-factor model, while CFA were used for verification. This article
attempt to examining of the construct validity of the instrument questionnaire CA-CBT, using one-factor
model. The research objective of this article was to make out that one validation instrument sheet
containing (form) 23 statements with 31 respondents was able to meet the CFA aspect criterion (valid).
This article purpose to examining the construct validity of the instrument questionnaire Cognitive Abilities
(CA) with the Computer-Based Test (CBT) model.

2. METHODS

The sample of this article research consisted of 31 students from Universitas Islam Negeri Sumatera
Utara, Medan, Indonesia. The students agreed and filled out the questionnaires completely. The
questionnaire instrument was used to obtain data with items that rated on a 4-point Likert scale, covering
from 1 = strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree. The sample of the brief description
variable X1 = content (item: to item7), X2 = construction (items to itemi7), and X3 language style (itemiis to
itemz3) as the indicators. The assessment of the questionnaire instrument was carried out by five experts
invited as validators in the ongoing process of the Focus Group Discussion (FGD) technique. The experts
involved in various fields such as lecturers who teach the subject itself, assessment, evaluation, information
system, and Indonesian language. The feature of instrument questionnaire was also observed through their
empirical construct validity of indicators to show the level to which each indication a general latent
construct. The CFA was used to assess the factor structure of the one-factor model with LISREL 9.3 student
version to conduct our one-factor model analysis. The one-factor model was constructed with the criterion
features such as each of the items is not equal to zero loading on both the general point and the group factor
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that is outlined to measure but zero loadings on the other group factors. The one-factor model was fully
saturated, so goodness-of-fit indices interpreted, and only factor loadings reported.

3. RESULT AND DISCUSSION

Results

This research was done quantitatively derived from the primary data collected by the written
method to the respondents in the form of questionnaires, the sincerity of respondents giving answers
essentially. The reliabilities of the questionnaire used in this research was depend on the construct validity
of the CA-CBT model. The questionnaire was developed based on content, construct, and language style. The
testimony of the validity should be carried out on items that have medium and high validity criteria, while
for low efficacy, its discarded. The result of the analysis using Aiken’s showed that items 14 and 15 belong
to medium category with 0.70 and 0.75, and the overmeasure of the things were in the high class. The results
of the validity test with the construct validity, with evaluating the goodness-of-fit model of the CA-CBT
model was by performing a CFA. The standardized solution for the one-factor model of the CA-CBT (see
Picture 1) is set out below.

3.13-» MATERI

7.80 =~ KONSTRUK

1.65-w BAHASA

Picture 1. One-factor model

The standard error variances estimates factor correlations in the one-factor model reported by
default with minimum = 1.645. Also, all indicators of the variance, specifically R% values was ranged between
0.329 to 0.760, which indicates that the model describes the noticed correlations well. All of the loading
factors forming the test models have met the requirements of a fit model, which obtained 1.41, 1.96, and
2.29 more significant than 0.5. The following table 3 shows the results of processing the LISREL data with
CFA, which shows that all forming variables to the test the CA-CBT model meet the criteria of a good model.
The analysis disclosed that the model is saturated; the fit is perfect — the goodness-of-fit indices of the CA-
CBT model from the one-factor model presented in Table 3, and Table 4. Next (see Table 3), we elucidated
maximum likelihood estimation (MLE) of CA-CBT model variable X1, Xz, and X3 (item: to itemz3) with the
standardized factor loadings, standard error var, and R2. All levels of fitness between the model and the data
with the standardized factor loadings were significant (A > 0.3), this indicates that the CA-CBT model has
met the requirements of a fit.

The results displayed an insufficient fit of the model to the data. The CFA was exercised to analysis
the factor structure of the hypothesized one-factor model. Since the one-factor model is saturated, the
goodness of fit indices was illustrated, and factor loadings revealed (see Figure 2). The values of chi-square
(X2) =-0.00 < 0.03, df = 0 < 2.00, RMSEA = 0.000 < 0.08 and p-value = 1.00000 > 0.80. Overall, the endorse
of statistical fit for a unidimensional model. The unidimensional model is used to represent a specific kind
of measurement scale. CA-CBT model should be designed to measure only cognitive abilities by narrowing
the idea of a single construct. The results appointed that this brief, arrays good construct validity, reciting
to measures of cognitive abilities. The indicators of the construct validity of the CA-CBT model is shown in
Table 5. Total variance = 23.624, generalized of variance = 213.446, largest eigenvalue = 15.849, smallest
eigenvalue = 2.605, and the condition number = 2.467 with number of iterations = 0. The CA-CBT model,
positively correlated between all variables and items. On our small sample of the respondents and related
instruments that measure the raised variables, to investigate or examine the construct validity of the
cognitive abilities, values of the statistically significant correlations of the CA-CBT model with the CFA one-
factor model. The one-factor model based on the supposition of multivariate normality for the observed
data, which implies a specific assumption for the parameter of the factor loading. The results of the construct
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validity test on the CA-CBT model instrument using the CFA approach revealed that all items are
unidimensional or in other words, only measure one-factor loading. It concluded that the one-factor model
theorized by the CA-CBT model instrument is acceptable to meet the criterion based on table 6. This general
distribution belief implies one specific measurement of the tool used. This research brings out the issue of
construct validity the test on CA-CBT model with a single device to use this model.

Discussion

To our proficiency, this is the first research to judge the construct validity of the CA-CBT model to
measure the students cognitive abilities using one-factor model. The CA-CBT model is provided based on
the marginal maximum likelihood estimation to enable an exact test of this assumption by the one-factor
model with factor loadings. In CFA, there are latent variables and indicator forming variables. The latent
variables are variables that directly observed because they are abstract, while signs create variables that
observed and measured directly. The CA-CBT model was carried out for theoretical class subjects whose
questions structured according to Bloom's cognitive taxonomy model, which focuses on aspects of the
mastery of the material or subject matter. The Bloom's has separated soft skills in two classifications of the
cognitive abilities (Sukajaya, Purnama, & Purnomo, 2015; Ramirez 2016). To get information on the level of
cognitive abilities skills of the students on the material that has been presented, what has been usually done
are PPT. The PPT very popular among lecturers/teachers/ educators before computer technology
developed to measured low order thinking (LOT) abilities. The second is the abilities to think at a higher
order thinking (HOT), which is the abilities to use understood theory, able to sort out public information,
ready to provide synthesis results from data, and be able to rearrange all data that has been owned
evaluation (Heong et al,, 2011; Rapih & Sutaryadi, 2018; Widana, 2017). The identification of mastery of
learning can be made with a variety of methods and techniques that can take, namely by testing diagnostic
thinking skills assisted by computers as a tool before conducting an assessment of learning outcomes
(Maddocks, 2018; Marques-Costa, Almiro & Simoes, 2018).

The point of view by that Administering CBT according to various research results that have been
reported in many journal articles, both national and international, have the same level of validity, even
better than the traditional administration of the test, which are PPT and CBT. It’s interpretes that the
process of supporting the assessment of cognitive abilities can be carried out involving information
communication and technologies such as computer. The various studies on PPT with CBT have been carried
out which revealed that the computer-based test have the same results or even better than PPT (Clariana,
& Wallace, 2002; Yulianto, Wahyuni, & Eka, 2016; Septanto, 2018; Marastuti et al, 2020). Many advantages
are obtained such as the speed of time to check the results of the exam participant's answers, the speed to
determine the ability of the examinees without having to answer all the questions, the questions that are
displayed are easy to randomize, reduce cheating and so on. The aspects of anxiety, habits, test atmosphere
and form question safety were not the constraints. But, the validity of a measurement tool has several
essential meanings. The accuracy of the interpretation of the test results, degrees that indicate categories
that can include low, medium and high groups. The principle of a valid is not universal the test (Kane, 2015;
Ouyang, Xin, & Chen,2016).

This issue needs further research because the standards for educational and psychological testing
guidelines require that any effects due to computer administration be either eliminated or accounted for in
the interpretation of test scores in any testing mode comparability study (Huseyin & Ozturan, 2018; Sorrel
etal, 2016; Nikou, & Economides, 2016). Item analysis methods that are usually carried out on the two test
models as classical and modern test theory like Rasch model and Item Response Theory (IRT) by including
item difficulty and item discrimination index using the item fit index, and internal structure as evidence
of construct validity. Thus, construct validity can be interpreted as validity judging from the terms of the
structure, context, or fabrication. In terms of terminology, a learning outcome teststated as a test that has
construction validity if the proof of learning outcomes reviewed in terms of composition, framework, or
imagery can accurately reflect a construction in psychological theory. The validity of the development
concept of an argument, is the basis for the preparation of tools (Kelava 2016; Hoogland & Tout, 2018)

Therefore, there must be a discussion about the theory, which is the basis for determining the
construction of the instrument. The validity of construction is meant that the test concerned seen as having
a proper sentence structure, or the sequence of the number of questions is coherent, but that the new
learning outcome test can be said to have construction validity if the items that construct the test are correct
and able to precisely measure aspects of thinking as determined in the purpose of carrying out the analysis.
The CFA approach can prove that the construct validity of the instrument exists to presented empirically.
CFA explores empirical data so that it finds characteristics and relationships between endogenous variables
and exogenous variables without specifying the model in the data. Finally, some limitations of the
attendance of this study need to be introduced. First, because the sample of this research is an appliance
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sample from the students receiving from single-center setting or one university. It is not viable to
popularized the findings directly to the other general. Second, the three variables and twenty-three
indicators still need further development. Third, because of practical reasons, we did not get the measure
of the test-retest reliabilities surrounded by respondents. Interestingly, a statistically significant correlation
of the CA-CBT model with the cognitive abilities disclosed empirically.

4. CONCLUSION

The results of the CFA analysis shows that there is no second dimension in the testing of the CA-
CBT model, this means that all indicators accepted. The research designates that the instrument
(questionnaire) of the CA-CBT model is valid and may be used as a brief measure or to the support assess
of the students cognitive abilities process of learning. Based on the CFA one-factor model, the CA-CBT model
was perfect saturated, or one-factor loadings significant. However, the further study evaluated the
psychometric belongings of the CA-CBT model in various populations and large sample, and it’s test-retest
reliabilities.
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