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Abstract.
This study examined the validity and reliability of a newly developed multiple-choice
evaluation system that measured students’ higher-order thinking skills (HOTS). The
instrument test consisted of 45 multiple-choice items and was developed based on the
cognitive domain of Bloom’s Taxonomy. A quantitative method was used. It consisted of
three phases: Content Validity by inter-rater agreement, Construct Validity by principal
component analysis (PCA), and Reliability shown by Chronbach’s alpha. The content
validity by inter-rater agreement found that the instrument was categorized as valid. The
construct validity by PCA found that each item in the evaluation instrument measured
one-dimensionality, which is good to be used as an evaluation instrument test. The
reliability was established to be a high degree with Chronbach’s Alpha being 0.94.
From the result of this study, a valid and reliable HOTS multiple-choice item evaluation
instrument has been produced and is ready to be tested in a small sample to examine
its empirical quality.
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1. INTRODUCTION

There are three aspects which assess in students’ evaluation process such as aspect
of knowledge, attitudes, and skills [1]. Knowledge is dominantly used as an aspect
to determine completeness in the learning process during the semester at school.
The policy of the Ministry of Education and Culture in 2018, in order to improve the
quality of education, learning must be integrated with character education and based
on Higher Order Thinking Skills (HOTS) [2]. According to Bloom’s revised taxonomy,
thinking skills are divided into two forms, namely Low Order Thinking Skills (LOTS),
which are remembering, understanding, and applying. Then high order thinking skills
(HOTS), such as analyzing, evaluating, and creating [3]. In order to enhance the ability
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of thinking, students are required to practice by doing HOTS questions, thus stimulating
students to think more complex and advance [4, 5].

HOTS application in learning and assessment can improve students’ way of thinking
and skills [6]. The application of the HOTS assessment on the knowledge aspect is
about to influence students’ critical thinking skills [7]. Students need to improve HOTS
especially in the ability to analyze and create in order to increase students’ creativity
in science [8]. However, according to the fact at schools, students’ achievement and
thinking ability is sill low. Based on the result in PISA 2018, Indonesia is ranked 74th out
of 79 countries. This case indicates generally, the students’ thinking skills in Indonesia
are in a low category [9]. The main factor which caused it, is because the lack of HOTS
instrument[10]. In accordance with this finding, students rarely practice by using HOTS
questions. The questions used are limited to measuring low-level ability.

Therefore, 45 HOTS multiple-choice items have been developed which are used to
measure the students’ level of thinking ability. Multiple choice is an objective test which
consists of five choices with one correct answer. The certainty of an instrument can
be assessed from its validity and reliability [11]. Validity informs about the accuracy of
the data collected from the certain field so that it accurately measures what should be
measured [12]. In contrast reliability interested in the stability of the results if it is done
with repetition and must measure the same construct [13].

The purpose of this study is to investigate the content validity using inter-rater
agreement, construct validity using principal component analysis (PCA), and reliability
using Cronbach alpha, coefficient. The results of this analysis will produce information
about the quality of the HOTS question before being used as the instrument in the
actual class.

2. RESEARCH METHOD

This study aimed to establish a valid and reliable HOTS multiple-choice questions.
To determine the quality of the item, the prerequisite of validity and reliability must
accomplish [14]. Hence, this study used the modified method [15] which consist of three
phases: Content Validity, Construct Validity, and Reliability.

2.1. Participants

Participants were consisting of 151 senior high school students grade 12 in Langkat.
Students were selected using the Simple Random Sampling (SRS) technique, which
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is done by determining a sample that meets certain criteria from the population [16].
The criteria used to privileged students were student in grade 12 with specialization in
science from 2 high schools in Langkat who completed chemistry material in grade 11.

2.2. Procedure

Validity and reliability of the multiple-choice evaluation instrument were analyzed
through 3 phases: Phase 1 – content validity by analyzing the results of the inter-rater
agreement, Phase 2 – construct validity using principal component analysis (PCA), and
Phase 3 – reliability was analyzed using Cronbach’s alpha. Data analysis was executed
using computer programs: Statistical Program for Social Science (SPSS) version 25.0
and Winsteps.

2.3. Phase 1: Content Validity

In this phase, the instrument was tested for content validity by 10 chemistry experts
consists of 2 lecturers and 8 teachers. The experts are chosen based on the criteria
who have been teaching for more than 5 years and considered to understand the
arrangement of evaluation instruments. Data collection in content validity is taken using
a Likert questionnaire. The questionnaire ranges from 1 to 4 with the interpretation 1 very
lack, 2 lack, 3 good, 4 very good. The content validity was analyzed using descriptive
quantitative analysis. The average results are interpreted as the expert agreement in a
certain range of categories. Quantitative descriptive research is a portray of the research
problem through a description of a situation or the need for an explanation of the
relationship between variables [16].

2.4. Phase 2: Construct Validity

The analysis of construct validity used PCA. PCA was accomplished to ensure that
the questions measure one dimension (unidimensionality), the dimension of knowl-
edge. The students’ answers were used as data in PCA analysis. There are some
pre-requirements in order to determine PCA, that are meet the value of Kaiser-Mayer-
Olkin Measure of Sampling Adequacy (KMO-MSA), Barlet’s Test of Sphericity, and has
a strong correlation proven by Anti Image Correlation (AIC). These tests are done by
using SPSS program.
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2.5. Phase 3: Reliability

The reliability test was examined from the Cronbach alpha value using the Winsteps
program. This test identified the interaction between person and item as a whole [17]. To
find out the level of respondent consistency, it can be seen from the person reliability
results. Meanwhile, to see the quality of each item in the instrument was determined
from the item reliability value.

3. RESULT AND DISCUSSION

There are 3 steps that have been done in order to determine validity and reliability
of HOTS multiple-choice questions: (1) Content validity; (2) Construct validity; and (3)
Reliability.

3.1. Phase 1: Content Validity

TheHOTS evaluation instrument consists of 45 questions and had tested on the experts,
that is lecturers and teachers. The data is collected by a questionnaire that assessed
some aspects that containmaterial, construction, and language. The content validity was
obtained from the average of expert agreement based on the questionnaire result. The
finding in the inter-rater agreement is the same as the final average value. This final
average shows the agreement level of the experts towards the instrument. Content
validity recapitulation showed in Table 1.

Table 1: Average score of content validity.

Measured Aspects Lecturers Teachers Total

Material 3.65 3.56 3.61

Construction 3.65 3.63 3.64

Language 3.69 3.50 3.60

Total Average 3.66 3.56 3.61

Table 1 shows the validity result by the lecturers ranges from 3.65 to 3.69. On the
other hand, the validity result by teachers is around 3.50 to 3.65. The total average of
inter-rater agreement is worth 3.61 which is categorized as valid and needs no revision.
This result shows that the HOTS multiple-choice questions are decent as an instrument
used in the actual class. The content validity is done to find out the worthiness of the
instrument before it used in actual area [18].
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3.2. Phase 2: Construct Validity

Construct validity was analyzed using PCA. PCA’s finding describes how many dimen-
sions which measured by a measurement tool. There are pre-requirements that have to
be performed before determining PCA. Some pre-requirements categorized as success
if the KMO-MSA > 0.5 and Bartlet’s Test of Sphericity < 0.05 [19]. Then there is AIC,
which can be fulfilled if the value > 0.5 per item. The result of KMO-MSA and Bartlet’s
Test of Sphericity is as shown in Table 2.

Table 2: KMO–MSA and Bartlet’s test.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. (KMO--
MSA)

Bartlet's Test of Sphericity
(Sig.)

0.905 0.000

Table 2 shown KMO–MSA and Bartlet’s Test of Sphericity have accomplished. The
result of KMO is higher than the standard and Bartlet’s Test of Sphericity is lower than
the standard. Lastly, the executing of AIC using SPSS. AIC is a partial correlation value
between two variables with regard to the other variable is constant. The summary of
AIC for each item is in Table 3.

Table 3: Anti-image correlation (aic) for each item.

Item AIC Item AIC Item AIC Item AIC Item AIC

Q1 .865𝑎 Q11 .625𝑎 Q21 .921𝑎 Q31 .927𝑎 Q31 .948𝑎

Q2 .896𝑎 Q12 .944𝑎 Q22 .888𝑎 Q32 .943𝑎 Q32 .943𝑎

Q3 .926𝑎 Q13 .926𝑎 Q23 .885𝑎 Q33 .898𝑎 Q33 .853𝑎

Q4 .911𝑎 Q14 .895𝑎 Q24 .545𝑎 Q34 .934𝑎 Q34 .858𝑎

Q5 .876𝑎 Q15 .928𝑎 Q25 .920𝑎 Q35 .953𝑎 Q35 .926𝑎

Q6 .929𝑎 Q16 .842𝑎 Q26 .912𝑎 Q36 .921𝑎

Q7 .839𝑎 Q17 .501𝑎 Q27 .916𝑎 Q37 .930𝑎

Q8 .878𝑎 Q18 .922𝑎 Q28 .822𝑎 Q38 .775𝑎

Q9 .930𝑎 Q19 .836𝑎 Q29 .917𝑎 Q39 .900𝑎

Q10 .864𝑎 Q20 .920𝑎 Q30 .866𝑎 Q40 .945𝑎

Table 3 shows the result of AIC which is marked with “a”. All AIC values in Table 3
> 0.5. Therefore, the AIC requirement is fulfilled. If there is an item that does not meet
the AIC criteria, that item should be removed and the pre-requirement test should be
repeated. But, if there is not, validity construct determination can proceed to PCA [20].

PCA determination is done to analyze the dominant factors measured by the HOTS
multiple-choice questions. The analysis was conducted from the result of initial eigen-
value shown in Total Variance Explained in the SPSS output. If the total the initial
eigenvalue < 1, it interprets that the factor can not explain the variable well. The
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percentage of factors that can explain the variance of 45 items is around 64.74% and
collected as 10 components. The details of total variance which is explained by the 10
components from the eigenvalue are shown in Table 4.

Table 4: Percentages of varians which explained by 10 factors from initial eigenvalue.

Comp. Total %Varians %Cummulatives Comp. Total %Varians %Cummulatives

1 14.815 32.922 32.922 6 1.423 3.161 54.245

2 2.506 5.569 38.490 7 1.278 2.840 57.086

3 2.350 5.223 43.713 8 1.219 2.709 59.795

4 1.819 4.042 47.755 9 1.163 2.585 62.379

5 1.498 3.329 51.084 10 1.073 2.385 64.764

Table 4 shows from PCA, there are 10 components contained in the instrument with a
percentage of around 64.764% that can explain 45 items’ variance. According to Table
4, it is known that the first component can explain 32.922% of the total components.
This indicates there is one dominant factor in the HOTS evaluation instrument because
it has the most dominant variance percentage. Along with this finding, it is known that
there is a dominant factor that basing students’ responses in order to complete the
instrument. Domination of one factor can affect students to act [21]. In this study, the
one action that is influenced by the dominant factor is the high order thinking skill of
the students.

The comparison of eigenvalue and sum of all components is described by scree plot
graphic in Figure 1. This analysis can confirm the unidimensionality test is seen from the
scree plot in Figure 1. In Figure 1 extreme steepness is formed between eigenvalues
1 and 2, while the other eigenvalues only form small steepness. The sharp decline in
Figure 1 described the factor that dominated the variances. Figure 1 can be used as
the indicator of the dominant factor in the case that there is a rapid difference between
components 1 and 2 [22].

Figure 1 shows that there is an extremely steep between the first and the second
eigenvalue, on the other hand, the other eigenvalue seems to have a slight change.
This significant step in the scree plot graphic is interpreted as a measurement of one
dominant factor. The PCA result revealed that there is a fit between the model and the
empirical data [23].

3.3. Reliability

Determination of reliability describes the consistency of the instrument in the measure-
ment if it is used repeatedly. The overall reliability value can be seen from Cronbach
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Figure 1: Scree plot: ratio between the number of components and eigenvalue.

alpha. The determination of the consistency level of respondents can be seen from
the results of Person Reliability. Meanwhile, to identify the quality for each item in
the instrument, it was determined from the Item Reliability. The results of the analysis
showed in Table 5.

Table 5: Reliability result.

Reliability Result Category

Chronbach’s Alpha 0.76 Good

Person Reliability 0.68 Enough

Item Reliability 0.90 Very Good

Table 5 shows that the instrument is reliable with the criterion of Chronbach alpha is
good which means the interaction between students and items is acceptable. Person
reliability is enough, and the item reliability is very good. The consistency of HOTS
multiple-choice questions was established by comparing the outcome and students’
skills.

Based on the results of the analysis in phases 1 to 3, 45 questions are categorized as
good, from the results of content validity, construct validity, and reliability. These HOTS
multiple-choice questions are ready to be tested on a limited sample to examine its
empirical quality. So as the product of this study, these HOTS questions will be ready
to be used in the real class.
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4. CONCLUSION

The examination of validity and reliability of a HOTS multiple-choice questions had
accomplished. It took three phases such as content validity by inter-rater agreement,
construct validity by principal component analysis (PCA), and reliability shown by Chron-
bach alpha. Firstly, the content validity of the instrument was examined by inter-rater
agreement (expert judgment) and result as valid. Secondly, a good evaluation instrument
has to construct well and it results each item measured one-dimensionality which
good to be used as an evaluation instrument test. Lastly, the interaction between the
students’ and items is acceptable shown by the chronbach’s alpha with 0.76 and 45
HOTS multiple-choice questions are ready to be tested on a limited sample to examine
its empirical quality. From these findings, a valid and reliable HOTS multiple-choice
questions has been produced.
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