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Abstract

This quantitative study aimed to evaluate the quality of a Higher Order Thinking
Skills (HOTS) Test instrument for the topic of Cell Division and the subtopic of
Gametogenesis (UKBATG). UKBATG contains contextual question and problem-
solving question which is 25 items in the form of multiple-choice and 6 subjective items
that can measure students' Higher Order Thinking Skills (HOTS). The process of
validity was conducted by five experts in the field of Biology and HOTS and two experts
in the field of Malay language and English language. The reliability of UKBATG was
determined by calculating the KR-20 coefficient, Cronbach’s alpha coefficient, and
inter-rater reliability (IRR) by determining the intra-class correlation coefficient (ICC).
The quality of UKBATG was also determined by calculating the difficulty index, p and
discrimination index, D for each item. Findings showed that all UKBATG items have a
good validity exceeding 70% agreement among experts. In terms of reliability, it was
found that the KR-20 coefficient was 0.774, with Cronbach's alpha of 0.844 and the
ICC coefficient in the range of 0.635 to 0.841. The values of p and D indicated that the
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UKBATG items were at a moderate level and were accepted as good items. In
conclusion, this study successfully developed an instrument that is good in terms of
validity and reliability and also has good item quality. The implication is that the
UKBATG can be used to measure students’ HOTS and increase the number of HOTS
test instruments, especially in Biology.

Keywords: Validity, reliability, difficulty index, discrimination index, biology.

INTRODUCTION

The Malaysia Education Blueprint 2013-2025 [1] changes the landscape of the
education system in Malaysia to ensure the effectiveness of the Malaysian education
system and further improve the quality of education to be on par with international
standards. The main goal is to put Malaysia in the top three in terms of performance
based on the international assessment of Trends in International Mathematics and
Science Study (TIMSS) and the Program for International Student Assessment (PISA).
The non-maximisation and instability of achievement in TIMSS and PISA, according
to the Organisation for Economic Cooperation and Development (OECD) [2], is caused
by the unresolved problem-solving questions in the real-world context by students as
students still lack higher-order thinking skills, creativity, and innovation, which are the
characters of 21st-century skills. In the next three years, based on data from the OECD
[3], the performance results based on the TIMSS and PISA assessments would still
be low. Therefore, to achieve these aspirations and results, students need to master
HOTS, which is a component in increasing student performance scores from an early
age . The emphasis on thinking skills in all disciplines directly makes thinking skills,
especially Higher Order Thinking Skills (HOTS), more significant in today's education
system. This effort is an initiative that supports transformation efforts to produce
students who master thinking skills, that is, cognitive skills including reasoning and
critical, creative and, innovative thinking.

Higher-order thinking skills are an emerging trend in education and one of the
cognitive abilities of students that can be trained and developed in 21st-century
learning. Students HOTS must be habituated and trained with higher-order thinking
test items by giving questions in the form of problem-solving, creative thinking, critical
thinking and metacognitive abilities [4-7]. This HOTS assessment can encourage
students to think broadly and deeply about a current problem in their real life and
situations related to learning materials.

Therefore, assessment instruments based on High Order Thinking Skills (HOTS)
principles are required to measure and improve students' HOTS achievement by
providing HOTS questions that require students to use their thinking skills to respond
to those questions. These HOTS questions can be applied as practice questions,
quizzes, test questions, and examinations. The emphasis on these HOTS questions
is also in line with the goal of science education in Malaysia, which is to produce
students who can apply scientific knowledge in decision making and problem-solving
in life [8]. As such, one way to increase the focus on HOTS and prepare students for
a higher level of thinking that is in line with the 21st-century demands the development
of an instrument capable of measuring students' HOTS performance by providing
quality HOTS questions. A HOTS item requires the ability to apply higher-order
thinking as the item is presented using a stimulus from daily-life real problems [4].
Through HOTS-based test items, creative and critical thinking skills can be built
through practices in this problem-solving.

OBJECTIVE

The purpose of this study is to evaluate a test instrument that has satisfactory
validity and reliability in addition to obtaining the quality level of test items through item
analysis. This test instrument was developed to measure students' HOTS for Biology
subjects for the topic of Cell Division and subtopics of Gametogenesis covering the
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four highest cognitive level skills based on the revised Bloom's Taxonomy by Anderson
and Krathwohl [9] namely skills of apply, analyse, evaluate, and create. Therefore, test
instruments that have validity, reliability, and quality need to be developed so that
students' HOTS performance can be measured effectively and continuously.

The objectives of this study are:

1. To measure the validity value of the Higher Order Thinking Skills Test for the
topic of Cell Division and the subtopic of Gametogenesis (UKBATG).

2. To measure the reliability value of UKBATG.

3. To determine the quality of the item based on the value of the item difficulty
index and the item discrimination index.

PROBLEM STATEMENT

The mastery of HOTS by students needs to be given due attention. However, the
performance of student achievement in tests in the form of HOTS implemented by
international institutions such as TIMS and PISA or through research that has been
conducted indicates that Malaysia and Indonesia student achievement is at a level
below satisfactory. Findings from the results of an international study, TIMSS and
PISA, found that the thinking skills of students are still at a low level [3]. In general, the
ability of students is deficient in understanding complex information, theory, analysis,
and problem solving, use of tools procedures and problem-solving, as well as
conducting investigations. In addition, the findings of HOTS studies on students are
generally not commendable. The higher order thinking skills levels among the students
were at low level [10-17]. Students in higher education and secondary education in
science learning are still lagging in terms of the use of Higher Order Thinking Skills
(HOTS) [15, 18-24]

The strategy for applying knowledge such as problem-solving was least introduced
by science teachers[15, 25]. Students are given less exposure related to problem-
solving issues of daily life, especially through the HOTS test. Sometimes, the tests
given to students are narrative statements that are unable to stimulate students' high-
order thinking skills. The question items given are directed more to lower-order thinking
skills of memorisation and understanding the basic concepts in science rather than
higher-order thinking skills [25-29] due to lack of ability in developing instrument
assessment towards HOTS by teachers [30]. This proves that HOTS has been poorly
trained and accommodated to the students, especially in HOTS-based tests. This
situation causes students to have difficulty in relating information and implementation
of strategies to solve HOTS test items and cause students’ low interest in HOTS test
items [13, 31].

Besides, the format of public examination questions in Malaysia such as Sijil
Pelajaran Malaysia (SPM) is simple and more focused on diagrams and tables that do
not require high-order thinking skills to give answers [32]. This indicates the structure
of SPM questions does not encourage students to think more critically[32] . The SPM
biology questions cover all Form 4 and 5 Biology topics which measure low level and
high-level cognitive domains according to the percentage determined by the Malaysia
Ministry of Education. Figure 1 shows the increase in the percentage of HOTS
guestions in SPM examination papers from 2014 until 2021.
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Figure 1 Percentage of HOTS questions in SPM examination papers
Source: Kementerian Pendidikan Malaysia (2021)
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In addition, the instrument to test HOTS in the existing market is not accurate to
measure HOTS because it does not go through a systematic development process,
not based on the characteristics of HOTS items proposed by MOE and not through the
process of validity, reliability and item analysis. This is because a measurement tool
needs to be developed based on local context supported by content experts[33]. This
shows that lack of instruments that can be used to measure students’ HOTS
performance [34].

To address issues and challenges, an instrument that can train students’ higher
order thinking and measure HOTS by standards HOTS test should be developed. The
HOTS test is an instrument that can be used for nurturing, strengthening, improving,
and measuring skills [35]. The development of HOTS test contributes to the number
of existing HOTS instruments that can be used by teachers to train, assess and
measure the current performance of their students’ HOTS, especially for Biology
subject. The development of HOT questions can also reduce the burden on teachers
to provide quality HOTS questions in Biology learning. This is an added value and
contribution of researchers to the teachers, schools and also to the government.

Therefore, the Higher Order Thinking Skills Test was developed to properly test
students’” HOTS by providing 100% high-level cognitive domain questions for the
topics of Cell Division and subtopic of Gametogenesis namely UKBATG. These topics
has been difficult topic for students since a long time ago [36-42] because of many
abstract concepts[43, 44]. Students' conception about these topics is often not in line
with scientific concepts [45] because these concepts are difficult to understand and
various terms are difficult to describe. Thus, it is important for students to master HOTS
in Biology learning because these skills are essential to understand abstract biological
concepts and be able to solve many biological questions. Students who are trained
and familiar with HOTS items will show high performance in learning and future career.

The UKBATG instrument developed based on the HOTS items criteria as
suggested by the Malaysia Ministry of Education and based on the Bloom Taxonomy
of cognitive domain. The UKBATG instruments are also evaluated in terms of validity,
reliability and item quality through the values of the difficulty index and discrimination
index. The high quality of UKBATG instrument enabling it to measure student HOTS
in topic of Cell Division and Subtopic Gametogenesis. The UKBATG instrument can
also be used by Biology teacher in both of evaluating the process and as guiding in
forming the test level of HOTSs.

METHODOLOGY

This quantitative study was conducted to obtain the validity, reliability and item
analysis for UKBATG. A total of five experts were involved in the UKBATG validation
process. Two experts were involved in the verification language UKBATG comprising
a Malay language expert and an expert in English. A total of 37 students who took
Biology as an elective subject were involved in this study to obtain the value of
UKBATG reliability in addition to measuring the value of difficulty index, p and
discrimination index, D for UKBATG items.

Validity of UKBATG

UKBATG validity was assessed through face validity and content validity. The
determination of UKBATG validity was determined by calculating the percentage of
expert or respondent agreement[46]stated that an agreement percentage equal to or
more than 70% indicates accepted consent. Determination of face validity and content
validity was done using the UKBATG Instrument Validity Form constructed by the
researcher based on the study highlights and guidelines for the construction of HOTS
items by the Malaysian Examinations Board, Ministry of Education. The Instrument
Validity Form consisted of two parts, namely Part A - Face Validity and Part B - Content
Validity. According to [46], a test is said to have face validity when the set of tests
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presented appears to measure what is to be measured. The face validity of a test
describes the extent to which the test appears relevant, important, and interesting.
Content validity is the most important process in the development of an achievement
test[47].

Content validity is the most important process in the development of an
achievement test[48, 49]. Content validity is an assessment of the content of a test to
determine the meaning of the test scores and whether or not the domain of behaviour
being measured represents the entire content of a domain [49]. This means that the
test items constructed represent the items to be tested or measured. In the context of
this study, UKBATG items are said to have content validity if they have four
characteristics as suggested by the Malaysian Examinations Board, namely
conformity to the content domain (Cell Division and Gametogenesis), meet the
learning and teaching objectives (content standards and learning standards) as stated
in Curriculum and Assessment Standard Documents of Biology, conform to the domain
cognitive, which is an item that tests the skills of apply, analyse, evaluate and create
and finally possesses the characteristics of HOTS items, which include extensive
stimuli, various levels of thinking, unusual context, real situations in everyday life and
items that are not recurring. Content validity can be improved by evaluating test items
based on the Test Specification Table review by a panel of reference experts who
review the items and comment on whether the items have covered all the content to
be tested[50]. The checking of the suitability of items was done according to the
method proposed by [51], which is to use the code 1 = suitable item, 2 = doubtful and
3 = inappropriate. The characteristics of HOTS items in UKBATG are summarised in
Figure 2.

THE CHARACTERISTIC OF
UKBATG ITEMS

Conform to the Meet the learning Conform to the Have the
content domain and teaching cognitive domain characteristics of
objectives HOTS items
- Apply - Extensive stimuli
- Analyze - Various levels of thinking
- Evaluate - Unusual context
T - Create - Real situations in everyday life
|| - Items are not recurring

Figure 2 The characteristics of HOTS items in UKBATG
Reliability of UKBATG

[52]suggested that any classroom tests must always undergo reliability testing.
The reliability of UKBATG was determined by calculating the KR-20 coefficient,
Cronbach’s alpha coefficient, and inter-rater reliability (IRR) by determining the intra-
class correlation coefficient (ICC). KR-20 coefficient provides relatively conservative
estimates of the coefficient of equivalence. According to [53], high test reliability refers
to the consistency, accuracy and precision of the measurements made. The
Cronbach’s alpha coefficient is the determination of reliability using a single test
against a group of students and subjectively test items that include the total score of
each item that is not dichotomous. According to[54], Cronbach’s alpha coefficient
calculation method is important for tests that have non-uniform scores including
subjective items. By calculating Cronbach’s alpha coefficient, the internal consistency
and uniformity of each item in the instrument can be estimated. Cronbach’s alpha
compares the variance of each item to total test variance.
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[54] suggested that value of the KR20 coefficient in the range of .70 and .80 are
sufficient to represent the reliability of the test questions. [55] argued that the reliability
coefficient is usually in the range of 0.5 to 0.70 and a value of 0.4 is considered low.
Whereas for teacher-constructed tests for classroom testing, a Cronbach’s alpha
coefficient value of at least 0.70 is adequate [56-58]. Cronbach’s alpha reliability
coefficient provided by Cohen et al. [60] were used in this research shown by Table 1.

Table 1
Cronbach’s alpha reliability coefficient
C )

>0.90 Very highly reliable

0.80-0.90 Highly reliable

0.70-0.79 Reliable

0.60 - 0.69 Marginally/minimally reliable
<0.60 Unacceptably low reliability

According to [58], inter-rater reliability (IRR) is particularly important if subjective
items are evaluated by two or more examiners. Williams et al. [59], suggested that at
least three examiners are required to examine each student’s answer sheet. This way,
it is possible to avoid examiner bias, reduce measurement errors and improve
instrument reliability. [41]added that through the IRR method, any bias by any
examiner can be eliminated. Therefore, three examiners among the Paper 2
examiners for the SPM Biology subject were appointed to check the UKBATG answers
of the students. The definitions of the intra-class correlation coefficient (ICC) by
Hallgren, [62] shown by Table 2.

Table 2
The definitions of the intra-class correlation coefficient (ICC)
)
1.00 Excel
.75 to .99 Very good
.60to .74 Good
.40 to .59 Satisfactory
<.40 Less satisfactory
0 Random

Item analysis

Item analysis is the process of analysing all test items that have been statistically
formulated. Two important analyses for the items were the determination of the
difficulty index and the discrimination index. By calculating the difficulty index and the
discrimination index, the quality of each item can be determined empirically [60]. Item
analysis is performed aiming to help the item drafter to refine the test whether by
storing, using directly, purifying, or getting rid of an item. Iltems with easy and difficult
difficulty levels as well as items with low discriminatory power will be refined, modified,
or removed [61]. The difficulty index, p and discrimination index, D for each item were
calculated using Microsoft Excel software.

a. Item difficulty Index

The item difficulty index is defined as the percentage or ratio of students who
answered correctly out of the total number of students who answered the item. The
difficulty index is an indicator of the difficulty of an item. The difficulty index is calculated
using different formulas according to the type of item, multiple-choice items and
subjective items. According to[61], the formulas are respectively as in Figure 2.

1959



Volume 23 Issue 12022  CENTRAL ASIA AND THE CAUCASUS  English Edition

Multiple-choice items:
Difficulty index, p = Number of students who answered correctly

Number of students taking the test

Subjective items:
Difficulty index, p= Average score
Full score range

Figure 2 Difficulty index, p calculation formula for multiple-choice items and
subjective items
Interpretation of the value of p obtained is a method to find out the difficulty of test
items administered to students. The more difficult an item is, the fewer students give
the correct answer. Statistically, p has a value between 0.0 and 1.0. The larger the
value of p, the easier the item is and the smaller the value of p, the harder the item[62].
For this study, the interpretation by [63] was used as in Table 3. For a good level of
difficulty, [63]recommend choosing items that are in the medium level, which is in the
middle between difficult and easy levels. (0.26 p < 0.75).
Table 3
Item Difficulty Level Interpretation

( J

0.00-0.10 Very difficult Not accepted
0.11-0.25 Difficult Low
0.26 - 0.75 Moderately difficult High
0.76 - 0.90 Easy Low
0.91-1.00 Very easy Not accepted

b. Iltem discrimination index

An important feature of the next test instrument is that it has discriminatory power
[64]. The discrimination index is symbolised by D, which is used to differentiate
achievement between the group of high-achievement students and the group of low-
achievement students. A good item is an item that can differentiate between high-
achievement students and low-achievement students. The selection procedure for
high-achievement and low-achievement student groups started by sorting the test
score data from the highest score to the lowest score. Then, the group of high-
achievement students and the group of low-achievement students were determined.
There are various opinions about the breakdown or percentage of the selection of the
group of students. For example, Reynolds, [64]suggested selecting 27% of all students
who sat the test to high-achievement students and low-achievement students and
leave 46% of students between the two groups. Measurement experts agreed that the
best prediction of discrimination index is obtained when involving 27% of the low-
achievement group of students and 27% of the high-achievement group of students
[69]. The value of 27% is a sufficient value to be analysed in a normal distribution [70].
According to [62], any value between 25% to 33% is adequate. For this study, 27% of
37 students were taken, which is equivalent to 10 people as a group of high-
achievement students and 10 people as a group of low-achievement students. This is
because this percentage value can maximise the difference in the normal distribution
to provide sufficient cases for analysis.

The discrimination index, D was calculated using different formulas according to
the types of items, namely multiple-choice items and subjective items. The value of D
is between -1.00 and +1.00. The value of D = +1.00 means that all high-achievement
students gave the correct answer and all low-achievement students gave the wrong
answer. The higher the D value, the more groups of high-achievement students
answered correctly for an item. This suggests that the item discriminates against the
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group of high-achievement students who must answer more items correctly compared
to the group of low-achievement students. While a negative D value for an item
indicates that the score of low-achievement students is higher than the score of high-
achievement students, this item fails to differentiate the group of students at the same
time; thus, it is appropriate for such items to be removed. According to Reynolds et al.
[59], the item discrimination index calculation formula for multiple-choice items and
subjective items are as respectively shown in Figure 3.

Multiple-choice item:
Discrimination index, D = Pt - Pr
Pr= The ratio of high-achievement students who answered correctly
Pr = The ratio of low-achievement students who answered correctly

Subjective item:
Discrimination index, D
= The average score of PT — The average score of PR
Full score range

PT = high-achievement groups of students
PR = low-achievement groups of students

Figure 1 Difficulty index, D calculation formula for multiple-choice items and
subjective items

According to [65], the interpretation of discrimination index, D values is as shown
in Table 4.

Table 4
Item Analysis Guide based on Item Discrimination

( )

> 0.40 Very good Very high
0.30-0.39 Good High
0.11-0.29 Satisfactory Accepted
0.00-0.10 Weak Not accepted
Negative value Reverse Not accepted

RESULT AND DISCUSSION

The results of the analysis of the findings are discussed based on the objectives
of the study stated.

Objective 1. To measure the validity value of Higher Order Thinking Skills
Test for the topic of Cell Division and the subtopic of Gametogenesis (UKBATG).

Validity is the most important process in the construction of a test to determine its
guality and relevance [66]. The draft UKBATG and scoring scheme have gone through
a validation process by five experts who have performed face validation and content
validation. These experts are experienced in the field of Biology Education and HOTS.
The experts are also directly involved with the drafting of the Biology Curriculum and
Assessment Standard Document and the drafting of Biology questions for the
Selangor state level Malaysian Certificate of Education. Table 5 shows the profiles of
the experts involved in the validation of the UKBATG instrument.

The results of this study found that the overall average for the percentage of expert
agreement of face validity by the expert was 97.78%. The percentage of expert
agreement in each item of face validity by the expert was ranged from 80% to 100%
and exceeded the minimum value of 70%. All (100%) experts agreed for each item
submitted except for Item 10 and Item 18 where 80% of the experts agreed there were
no spelling errors and the answer space corresponded to the expected response.
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Therefore, the aspects of spelling and answer space provided need to be improved by
the researcher. This study concluded that the UKBATG instrument was able to
measure what should be measured and that the UKBATG instrument has good face
validity. Table 6 shows the findings for face validity for the UKBATG.
Table 5
Experts’ Profile

¢ )

Biology Education, Excellent Biology
1 A DG54 Degree > 20 years Teacher, Paper 2 of Biology Examiner,
Drafter of DSKP Biology Form 4 KSSM
Biology Education, Paper 2 of Biology
Examiner
Biology Education, Assessment and
Measurement, HOTS
Biology Education, Paper 2 of Biology
4 D DG44 Degree 11-15years  Examiner, Selangor Biology Question
Drafter
Biology Education, Paper 2 of Biology
5 E DG48 Masters 16 —20years  Examiner, Selangor Biology Question
Drafter

2 B DG44 Degree 11 -15years

3 C DG52 PhD > 20 years

Table 6
Face Validity of UKBATG (test questions)

The format corresponds to the

1 skill being measured > 100 0 0
2 The instructions given are clear 5 100 0 0
3 The meaning of each verse is 5 100 0 0
clear
4 The language used is easy to 5 100 0 0
understand
5 The language used suitably with 5 100 0 0
the user level
6 The terms used are appropriate 5 100 0 0
7 Consistent use of the term 5 100 0 0
3 Adjust the blology/SC|ence used 100 0 0
accordingly

The grammar used is appropriate

according to the level of the user > 100 0 0
10 There are no spelling mistakes 4 80 1 20
11 The punctuation used is correct 5 100 0 0
12 Appropriate font size 5 100 0 0
13 The font size is easy to read 5 100 0 0
14 The text used is clear 5 100 0 0
15 The text used is easy to read. 5 100 0 0
16 The order of the sentences is 5 100 0 0

appropriate
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The paragraph structure is

17 . 5 100 0 0
appropriate
18 The answer space corresponds to 4 80 1 20
the expected response
Average 97.78 2.22

The results of the expert review of UKBATG found that the percentage of expert
agreement on conformity to the content domain was 100% for all Part A questions
(multiple-choice) and Part B questions (subjective) except items 5 d (ii), 5 d (iii) and 6
f. The percentage of agreement of items 5 d (ii), 5 d (iii) was above 70% and only Item
6 f displayed 60%. However, the results of the researcher's review on Curriculum and
Assessment Standard Documents of Biology in KSSM [72] clearly showed that the
item was included in the content of Curriculum and Assessment Standard Documents
of Biology for the topic of Cell Division and Gametogenesis. This indicates that the
UKBATG items complied with the content domain, that is, they all revolve around a
predetermined topic.

The percentage of expert agreement on conformity to the exact objectives of
teaching and learning was 100% for all questions in Section A (multiple-choice) except
Item 6 and all items of questions of Section B (subjective). However, the percentage
of agreement of Item 6 has exceeded 70%. This indicates that each UKBATG item
has met the objectives of teaching and learning as expected in the DSKP. The
percentage of expert agreement on conformity to cognitive domains testing the skills
of apply, analyse, evaluate and create for all Part A questions (multiple-choice) except
items 1 and 17 and all Part B question items (subjective) was over 80%. Only two
items on the Part A questions (objective) namely Item 1 and Item 17 showed 60%
agreement. These items were refined according to the suitability of a predefined
cognitive domain.

The last aspect assessed by the experts was whether or not the UKBATG item
met the characteristics of the HOTS item. The five characteristics of HOTS items
according to the Malaysian Examinations Board [36] are having extensive stimuli,
various levels of thinking, unusual contexts, non-repetitive items and real situations in
daily life. The results of the expert review found some items in the opinion of experts
that have not met the characteristics of HOTS items. There were three items, hamely
Iltem 1, ltem 14, and Item 22 in the questions of Section A (multiple-choice), which only
achieved a 60% agreement percentage; less than the minimum value of 70%. The
refinement of these items was done considering all the views of experts. In conclusion,
all items on Question Part B (multiple-choice) except Item 23 and all items on question
Part B (subjective) were accepted by the experts. Item 23 was refined according to
expert recommendations. All items that did not reach the 70% agreement level were
refined to ensure that all UKBATG items meet the characteristics of HOTS items as
outlined by the Malaysian Examination Board [36].

In conclusion, the validity of the UKBATG was indicated by the experts’ judgment
showing that the UKBATG is suitable to be used in the aspects of contents, format,
and language. Table 7 and Table 8 display the findings for content validity of the
UKBATG questions in Part A (multiple-choice) and Part B (subjective).
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Table 7
Content Validity of UKBATG (Part A: Multiple-choice Question)
N\
1 5 100 Accepted 5 100 Accepted 3 60 Accepted 3 60 Accepted 4 80 Accepted
2 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
3 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 5 100 Accepted
4 5 100 Accepted 5 100 Accepted 4 80 Accepted 4 80 Accepted 4 80 Accepted
5 5 100 Accepted 5 100 Accepted 4 80 Accepted 4 80 Accepted 5 100 Accepted
6 5 100 Accepted 4 80 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
7 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 4 80 Accepted
8 5 100 Accepted 5 100 Accepted 4 80 Accepted 4 80 Accepted 4 80 Accepted
9 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 5 100 Accepted
10 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 5 100 Accepted
11 5 100 Accepted 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
12 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
13 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
14 5 100 Accepted 5 100 Accepted 4 80 Accepted 3 60 Accepted 4 80 Accepted
15 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 5 100 Accepted
16 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 4 80 Accepted
17 5 100 Accepted 5 100 Accepted 3 60 Accepted 4 80 Accepted 4 80 Accepted
18 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
19 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
20 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
21 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
22 5 100 Accepted 5 100 Accepted 5 100 Accepted 3 60 Accepted 3 60 Accepted
23 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 5 100 Accepted
24 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
25 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
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Table 8
Content Validity of UKBATG (Part B: Subjective Question)
N\
1
a 5 100 Accepted 5 100 Accepted 4 80 Accepted 4 80 Accepted
b 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
ci 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
cii 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 80 Accepted
d 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
e 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
f 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
2
ai 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
aii 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted 30 .
a iii 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
b 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
3
a 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
bi 5 100 Accepted 5 100 Accepted 4 80 Accepted 4 80 Accepted
b ii 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 80 Accepted
c 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
d 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
4
ai 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
aii 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
b 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
c 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 100 Accepted
d 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
e 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
f 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
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5
a 5 100 Accepted 5 100 Accepted 4 80 Accepted 4 80 Accepted
bi 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
b ii 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
c 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 100 P
di 5 100 Accepted 5 100 Accepted 5 100 Accepted 4 80 Accepted
dii 4 80 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
d iii 4 80 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
div 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
6
a 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
b 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
ci 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
cii 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted 100 F—
d 5 100 Accepted 5 100 Accepted 5 100 Accepted 4 80 Accepted
e 5 100 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
f 3 60 Accepted 5 100 Accepted 5 100 Accepted 5 100 Accepted
g 5 100 Accepted 5 100 Accepted 4 80 Accepted 5 100 Accepted
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Objective 2: To measure the reliability value of UKBATG.

To ensure that these items comply with the characteristics of HOTS items,
repetition of the same item to the same respondent was not allowed. This is because
the item tested on a respondent must be a new item [36]. Therefore, the determination
of the degree of reliability of the UKBATG instrument was conducted in one session to
the same respondents. The reliability of the UKBATG instrument was determined
using two methods, namely by calculating the KR-20 value for multiple-choice items
and Cronbach's alpha coefficient to measure the internal consistency of subjective
items in the HOTS instrument as well as determining inter-rater reliability (IRR) by
finding the intra-class correlation coefficient (ICC) for each subjective item.

The reliability of multiple-choice items of a dichotomous nature can be calculated
using the Kuder-Richardson 20 (KR-20) formulas. Kuder-Richardson 20 (KR-20)
analysis was used as the difficulty level of the test items was not homogeneous and
differ in level according to Bloom’s taxonomic level. From the KR-20 analysis, it was
found that the result was r11 = 0.774. This indicates that the part A question item
(multiple-choice) has a high-reliability value. The value of KR-20 is shown in Table 9.

Table 9
Reliability of multiple-choice questions.

¢ )

Multiple-choice
question

25 0.774

The reliability of subjective items is shown by Cronbach's alpha value and ICC
coefficient value. The value of Cronbach’s alpha coefficient for the entire subjective
item was 0.844. This indicates that subjective item has a high-reliability value [60] and
this value is in the accepted range above 0.70 [48, 59]. Meanwhile, the reliability
between examiners demonstrated that the value of the ICC coefficient for all items was
in the range of 0.635 to 0.841. ltems 2 and 5 were at a very good level, while items 1,
3, 4 and 6 were at a good level. This value gives the impression that there is only a
very small error between the examiner and the score obtained by the studentindicating
the actual level of HOTS tested. Table 10 shows the values of the ICC coefficients for
each item and the overall scores.

Table 10
ICC Reliability Index Values for Each Item and UKBATG Score

1 .745 Good
2 .841 Very good
3 .635 Good
4 .735 Good
5 .792 Very good
6 .702 Good

These findings indicate that the UKBATG instrument has fulfilled the requirement
for reliability. The UKBATG items were consistent and have uniformity in measuring
the students’. According to [41, 59], high internal consistency values describe
UKBATG items as homogeneous that measure the same domain. This also proves
that the reliability of the UKBATG instrument is good as the UKBATG was able to
measure students' HOTS consistently.

Objective 3: To determine the quality of the item based on the value of the
item difficulty index and the item discrimination index
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The results of item analysis showed an average value of difficulty index, p = 0.39
for multiple-choice items and 0.35 for subjective items. This means that on average,
UKBATG is at a moderately difficult level (0.26 < p < 0.75), thus indicating that the
level of item acceptance is high. For multiple-choice items, Item 11 (p = 0.76) and Item
24 (p = 0.76) were at an easy level with a low level of item acceptance. Item 18 has a
p-value of 0.05 since being on hold is very difficult as this item is at the level of analysis
on Bloom’s taxonomy resulted in many students unable to answer correctly.

For subjective items, all items except Item 4 were categorised with moderately
difficult, hence allowing these items to be accepted. Item 4 has a value of p = 0.25
meaning that this item has a difficult level[67] suggested that items with p values
between 0.11 - 0.25 and 0.76 - 0.90 must be modified and retested before being used
in actual testing. Accordingly, items 11, 18 and 24 for multiple-choice questions and
Item 5 for subjective questions need to be refined. No items were removed. This is
because according to [64] the process of drafting an item takes a long time, so it is
best for items that are too difficult or easy to be purified and maintained. All items of
Part A (multiple-choice) and items of Part B (subjective) UKBATG were analysed
individually. Table 11 shows the difficulty index, p for each UKBATG item.

Table 11
Difficulty Index, p for Each UKBATG item

0.00-0.10 Very difficult Not accepted 18 1
0.11 -0.25 Difficult Low 2,7,16,17, 21, 5
1,3,45,6,8,9,
Part A Moderatel . 10, 12, 13, 14,
(Multiple-choice) 0.26-0.75 difficult ! alch 15, 19, 20, 22, 17
23, 25
0.76 - 0.90 Easy Low 11, 24 2
0.91-1.00 Very easy Not accepted - -
Total 25
0.00-0.10 Very difficult Not accepted
0.11 - 0.25 Difficult Low 4 1
Part B Moderatel .
(Subjective) 0.26-0.75 difficult ! High 12356 >
0.76 - 0.90 Easy Low
0.91-1.00 Very easy Not accepted
Total 6
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Table 11 shows that 17 items (68%) in multiple-choice questions have a
moderately difficult level. Meanwhile, 5 items (83%) in subjective questions have a
moderately difficult level. This indicates that UKBATG items have a high level of
acceptance based on the difficulty level of the items.

The results of item analysis for this study showed the range of discrimination index,
D items in the UKBATG instrument between 0.0 and 0.8. In detail, the items on the
multiple-choice questions, namely items 2, 8, and 18 were at a good level of
discrimination (0.30 < D < 0.39), while items 1, 3,4, 6,7, 9, 10, 12, 13, 14, 17, 19, 20,
21, 22 and 23 were at a very good level of discrimination (D = 0.40). The level of good
and very good item discrimination indicates that the items have a high and very high
level of acceptance. This indicates that these items can distinguish the group of high-
achieving students and the group of low-achieving students. However, items 11, 16,
and 25 were at a satisfactory level of discrimination (0.11 < D < 0.29). This indicates
that these items are still acceptable. For items 5, 15, and 24, the results of the analysis
showed that the items were at a weak level of discrimination (0.00 < D < 0.10). This
means that these items are less discriminatory between the high-achievement group
and the low-achievement group.

For subjective question items, items 2, 3, 4, 5, and 6 were at a satisfactory level of
discrimination (0.11 < D < 0.29) and the level of acceptance was acceptable. Lewis
and Smith [73] stated that a value of D between 0.10 and 1.00 illustrates that the item
is still applicable. For item 1, the value of D was 0.09, which is at a weak level. This
means that this item is less discriminatory between the high achievement group and
the low achievement group. Discrimination Index, D for each UKBATG item is shown
in Table 12.

Table 12
Item Difficulty Index, p and Item Discrimination Index, D for Each Item of
UKBATG
1,3,4,6,7,9, 10,
>0.40 Very good Very high 12, 13, 14,17, 19, 16
20, 21, 22, 23
(Multrp"’:;t_goice) 0.30-0.39 Good High 2,8 18 3
0.11-0.29 Satisfactory Accepted 11, 16, 25 3
0.00-0.10 Weak Not accepted 5, 15, 24 3
Negative value Reverse Not accepted -
Total 25
> 0.40 Very good Very high
Part B 0.30-0.39 Good High
(Subjective) 0.11-0.29 Satisfactory Accepted 2,3,4,56 5
0.00-0.10 Weak Not accepted 1 1
Negative value Reverse Not accepted
Total 6

Table 12 presents those 16 items (64%) in multiple-choice questions have a very
good discrimination level. Meanwhile, 5 items (83%) in subjective questions have a
satisfactory discrimination level. This indicates that UKBATG items have an
acceptable level of acceptance based on the discrimination level of the items. Overall,
the values of the difficulty index and discrimination index for each UKBATG item are
shown in Table 13.
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Table 13
Item difficulty index and item discrimination index of UKBATG
Moderate . .
1 0.73 difficult High 0.50 Very good Very high
2 0.16 Difficult Low 0.30 Good High
Moderate . :
3 0.43 difficult High 0.40 Very good Very high
Moderate . :
4 0.59 difficult High 0.80 Very good Very high
Moderate Not
.32 High . Weak
> 0.3 difficult 's 0.00 ea accepted
6 0.29 Moderate High 0.50 Very good Very high
‘ difficult . ' Ve v
7 0.24 Difficult Low 0.50 Very good Very high
Moderate .
8 0.51 difficult Low 0.30 Good High
Moderate .
9 0.54 dificult Low 0.40 Very good Very high
Moderate .
10 0.27 difficult Low 0.60 Very good Very high
11 0.76 Easy Low 0.20 Satisfactory Accepted
Moderate . .
12 0.38 difficult High 0.50 Very good Very high
Moderate . .
A 13 0.49 difficult High 0.60 Very good Very high
Moderate . .
14 0.29 difficult High 0.40 Very good Very high
Moderate . Not
15 0.70 difficult High 0.10 Weak e
16 0.16 Difficult Low 0.20 Satisfactory Accepted
17 0.19 Difficult Low 0.50 Very good Very high
Very .
18 0.05 difficult Not accepted 0.30 Good High
Moderate . .
19 0.29 difficult High 0.50 Very good Very high
Moderate . .
20 0.29 difficult High 0.40 Very good Very high
21 0.19 Difficult Low 0.50 Very good Very high
Moderate . .
22 0.35 difficult High 0.50 Very good Very high
Moderate . .
23 0.38 difficult High 0.70 Very good Very high
24 0.76 Easy Low 0.10 Weak Not
accepted
Moderate . .
25 0.27 difficult High 0.20 Satisfactory Accepted
Moderate . .
Average 0.39 difficult High 0.40 Very good Very high
Moderate . 0.09 Not
B ! 0.31 difficult glel = accepted
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0.38

Moderate

0.26

2 difficult High Satisfactory Accepted
3 0.41 N;?f(:iecﬁ:e High 0.18 Satisfactory Accepted
4 0.25 Difficult Low 0.23 Satisfactory Accepted
5 0.34 N(Ij?;iiate High 0.23 Satisfactory Accepted
6 0.44 N(Ij?;iiate High 0.16 Satisfactory Accepted
Average 0.35 N(I:I(i);ssﬁte High 0.19 Satisfactory Accepted

Findings from the difficulty index and discrimination index of the UKBATG items are at
a moderate difficulty level and have a good discrimination index. However, the
researcher was aware that some items have a high difficulty index with discrimination
index at a satisfactory and weak level. Unsatisfactory item analysis results may be due
to learning and instruction problems implemented. Moreover, the topic of Cell Division
is considered the most difficult. [33-35] Students involved in this test may not have
mastered this topic, which involves Higher Order Thinking Skills. So, most high
achievement students are unlikely to answer those items correctly while low
achievement students may only answer those items correctly by chance. Thus, the
items were retained but with revisions and improvements. These included the format
of the writing, completeness of the stimulus texts, clearer pictures, and suitability with
the Form 4 students’ level as suggested by the experts. The researcher took steps to
refine, improve these items and maintain them in the final instrument of UKBATG as
suggested by [68]. [68]recommend that an item should not be removed but purified
preferably. According to them, drafting an item involves a long process and the drafter
should not waste an item that has been built but instead take appropriate purification
measures. Getting rid of items is a detrimental thing. This is supported by [69]who says
that purifying these items will improve the quality of a test.

CONCLUSION AND IMPLICATION

This study has successfully produced a test to measure HOTS, which has good
validity and reliability for the topic of Cell Division and subtopic of Gametogenesis
named UKBATG. In addition, the quality of each item in UKBATG was calculated
based on item difficulty index, p and item discrimination index. Recommendation
further research by developing HOTS tests on other Biology topics and other subjects
to increase the number of tests that have good validity and reliability. In addition,
further research is conducted by using the Rasch Model to evaluate and analysing the
validity and reliability of test items as previously conducted by [74] as the more modern
method. In conclusion, this instrument was feasible for users to identify the level of
HOTS for the four sub-constructs of Higher Order Thinking Skills for the topics
involved. In addition, the UKBATG instrument can also be used by teachers and
students to assess the current performance for the topic of Cell Division and the
subtopic of Gametogenesis.
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