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This research was aimed at developing the results of learning mathematics
characteristics of higher-order thinking skills (HOTS) in the form of multiple

choice for grade V elementary school students. This research applied D & D
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1. INTRODUCTION

Globalization, new technologies, migration, international competition, changing markets, and cross-
border environmental and policy challenges push students to acquire all the skills and knowledge they have
to survive and succeed in the 21st century [2]. In the context of school education, students need to learn to
have essential skills to succeed in today's world, such as critical thinking, problem solving, communication
and collaboration [3].

Mathematics is a core subject in the 21st century [3]. Mathematics is a common language that can help
students solve complex problems and is a lens of understanding to make important connections to other
fields, professions and disciplines. The ability to solve problems is the main goal of learning mathematics.
Everyone needs to learn mathematical problem solving to be able to live in the 21st century productively
(Holmes, in Wardhani et al.) [4]. NCTM also states that the goal of school mathematics should be for all
students to become increasingly able and willing to engage in problem solving [5]. However, this goal of
mathematics education does not seem to have been achieved optimally. The achievement of Indonesian
students 1s considered not encouraging based on their participation in the international studies Trends in
International Mathematics and Science Study (TIMSS) and the Program for International Student
Assessment (PISA) since 1999. This is due to, among other things, the large number of test materials asked

Journal homepage: http://jurnal.uinsu.ac.id/index.php/zero/index



Zero: Jurnal Sains, Matematika dan Terapan d 91

i TIMSS and PISA not being included in the Indonesian curriculum [6]. In addition, according to
Luthanto et al., one of the factors that causes low-achieving classes 1s the habit of students in solving
contextual problems at school [7]. Budiarti et al. also suspect that this is due to the lack of ability of
Indonesian students in facing and solving mathematics problems [8]. Common problems in schools are
different from problems on the PISA test because they use real-life situations.

Developing and improving students' higher-order thinking skills (HOTS) is one of the main goals of
learning in the 21st century [9]. Higher-order thinking skills are important for learners to master, because
they can motivate learners to look at every problem critically, creatively, logically, and objectively [10]. The
Common Core State Standards Initiative in Partnership for 21st Century Skills also explicitly calls for, and
mtegrates, higher-order thinking skills (HOTS) as a means to achieve career and college readiness for all
students [11]. HOTS is essential for survival and success in the 21st century [2]. Nizam in Widana stated
that assessment in Indonesia is directed at the higher order thinking skills (HOTS) assessment model [12].
This policy refers to the need for life skills in the 21st century. But Ariyana showed that 72% of teachers
had never created HOTS-characterized math problems, 72% did not have examples of HOTS problems,
and 45% of teachers did not like practicing HOTS-characterized math problems [13]. In fact, practicing
HOTS questions is important for better thinking skills that can help solve many problems in everyday life.

There 1s a tendency that HOTS questions are difficult questions. It is important to realize that the
level of difficulty (easy - hard) and the level of thinking (LOTS - HOTS) are two different qualities [14].
The misconception that remembering is “casy” and high-level thinking is “hard” can lead to poor results.

Brookhart tated that multiple-choice questions, especially those that use an introduction, can also
assess HOTS [14]. What needs to be considered are the principles of higher-order thinking assessment
when writing the items or tasks to be given, namely (1) using introductory materials, (2) using new materials,
and (3) separating cognitive levels from levels of difficulty [14]. According to Scully, multiple-choice
questions that measure complex cognitive processes are rarely created [15]. In other words, HOTS
measurement is not determined by the form of the test, but rather how the measurement (assessment) can
encourage higher-order thinking from test takers (students) in accordance with these principles.

For multiple-choice test scores to be generated that mean that students are using higher-order thinking,
the questions must be designed in such a way that higher-order thinking is actually required to answer [14].
‘Widana also argues that in the form of multiple-choice questions, the answer choices represent the ability
of students to solve problems [12]. According to Rubin & Rajakaruna, the potential to build multiple-choice
questions to evaluate higher-order thinking has now evolved [16].

The purpose of this study was to develop a multiple-choice mathematics learning outcome test. The
grand theory used for the development of this multiple-choice test uses Classical Test Theory (CTT).
Classical test theory (CTT) 1s a traditional quantitative approach used to test the reliability and validity of an
mstrument based on the items it contains [17]. This study is based on the results of Ariyana's study which
showed that grade V teachers in Singaraja City, Buleleng Regency, Bali Province needed a HOTS-
characterized elementary school mathematics learning outcome test [13]. In addition, the results of
Sumarni's study showed that the ability of teachers to compile HOTS questions at SDN 02 Legokgunung
was good, especially in the construction aspect, even very good in the language aspect, but still weak in the
material aspect, especially in questions measuring the cognitive level of reasoning (analyzing, evaluating,
creating) [18].

Higher Order Thinking Skills (HOTS) or high-level thinking skills in this study refer to the theory put
forward by Brookhart that HOTS is being able to transfer, being able to think critically, and being able to
solve problems [14]. In terms of transferring, Brookhart (2010) refers to the Revised Bloom's Taxonomy
by Anderson and Krathwohl that HOTS is the top three levels of cognitive processes in the taxonomy are
HOTS, namely Analyzing, Evaluating, and Creating [19]. Associated with mathematics, the three levels of
cognitive processes are associated with mathematical problem-solving questions. These mathematical
problem-solving questions were created by referring to Van de Walle et al. and Sonnabend, where the study
provides direction that HOTS mathematics questions are procedural questions with connections and
mathematical work questions [20][21]. Procedural questions with connections in this case are multi-step
questions, while mathematical work questions are non-routine questions [20].

RESEARCH METHODE

This research was a design and development (D&D) by Richey & Kleine [1]. Design and development
research in this context is a systematic study of the design, development, and evaluation process that aims
to build an empirical basis for creating learning and nonlearning products and tools, as well as new or
improved models that serve as references in their development [22]. The research method used was Design
and Development (D&D) with three main elements: design, development and evaluation [23]. The product
produced in this study is a Mathematics Learning Outcome Test with Higher-Order Thinking Skills
(HOTS) Characteristics for Grade V Elementary School Students.

At the Design Stage, namely determining the provisions of a good test in making the initial design of
the test. The steps in this design stage are (1) specifying learning objectives; (2) creating the test blueprint;
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(3) format selection and determination; and (5) establishing good test criteria. Furthermore, at the
Development stage, it is carried out in terms of making questions based on the conceptual framework of
development and validating the content by experts. The characteristics of the questions from the developed
test are (1) using introductory material, (2) using new material, and (3) using a higher cognitive level
(analyzing, evaluating, and creating based on Revised Bloom’s Taxonomy) that differs from the level of
difficulty.

Testing the validity of the content was carried out using the Lawshe technique with three experts in
the field of mathematics education [24]. The characteristics of the CVR formula according to Lawshe are:
1) when all panellists answered ‘important’, the CVR value 1s 1. When more than half of the panellists
answered ‘important’, but not all of them, the CVR value ranges from 0 to 0.99; 2) when less than half of
the panellists answered ‘important’, the CVR value will be negative; and 3) when half of the panellists
answered “Important” and half answered ‘not important’, the CVR value is zero [25].

At the Evaluation stage, limited trials and empirical validation were conducted. A total of 112 fifth
grade students were taken from 4 Elementary Schools in Buleleng District who were taken randomly using
the cluster random sampling technique. Empirical validation of the test was conducted by testing the validity
of the test items, analyzing the level of difficulty of the test items, analyzing the discriminating power of the
test items, analyzing the effectiveness of the distractor items, and testing the reliability of the test.

Testing the validity of the test items was conducted using the point biserial correlation technique (y,,5;)
with a critical r = 0.30. Analysis of the level of difficulty of the test items was conducted by referring to the
Davis index. A test item can be used if the item has an average difficulty index between 0.25 and 0.75 [26].
Analysis of the discriminating power of the test items was conducted by referring to the Flanagan table which
uses a biserial coefficient that moves from 0.20 to 0.80 [27]. Analysis of the effectiveness of the test
distractors was conducted to check whether the distractors met the criteria that a good distractor 1s chosen
by more than 5% of test participants. Finally, reliability testing was conducted using the KR-20 formula (r4,)
with a degree of reliability of more than 0.60.

RESULT AND ANALYSIS

This research 1s a continuation of Ariyana's study research on the needs analysis of mathematics tests
with HOTS-characterized for Grade V elementary school students in Buleleng District [13]. The results of
the study at need analysis are in accordance with Ariyana's study which showed that 72% of teachers had
never created HOTS-characterized math problems, 72% did not have examples of HOTS problems, and
45% of teachers did not like practicing HOTS-characterized math problems [13]. As the grade V
mathematics teachers in these primary schools lack competency development experiences, it suggested that
there was a need for HOTS-characterized mathematics tests for grade V students in Buleleng District. This
finding also supports the results of previous research conducted by Apino & Retnawati that teachers'
understanding of HOTS is also lacking, and there are even high school math teachers who are not familiar
with the term HOTS [27]. This finding was also confirmed by Putra that the evaluation system in Indonesia
still uses low-level questions, and students are accustomed to obtaining and using formal mathematical
knowledge 1n class [28]. Students will not experience high-level thinking if teachers never construct HOTS
questions [13].

At the Design stage, test design 1s carried out by referring to qualitative and quantitative criteria. The
specifications of the mathematics learning outcome test characterized by higher-order thinking skills are in
accordance with the conceptual framework of development. Each question is made with reference to the
Revised Bloom's Taxonomy, namely at the cognitive process level of Analyzing (C4), Evaluating (C)), or
Creating (C6). The abilities that appear in these categories are being able to transfer, think critically, and
solve problems. In addition, the questions that have been made are also divided into multi-step questions
and non-routine questions as HOTS-characterized mathematics questions. Referring to the Revised
Bloom's Taxonomy, the questions made are in the scope of Conceptual Knowledge (K2) and Procedural
Knowledge (K3). There are 10 questions at the Analyze level. There are 6 questions at the Evaluate level.
There are 5 questions at the Create level. There are 13 questions with the mult-step problem category, and
8 questions with the non-routine problem category. The Develop stage is an activity to create a HOTS-
characterized mathematics learning outcome test and validation activities. Validation at the Develop stage 1s
content validity which includes expert validity.

The learning outcome test was created by referring to the fifth-grade elementary school material,
namely the Fraction Arithmetic Operations and Comparison and Scale material. The number of questions
that had been created at the time of the initial design was 21 items with details of the Fraction Arithmetic
Operations material as many as 10 questions, while the Comparison and Scale material as many as 11
questions. NCTM directs that good problems will integrate several topics and will involve significant
mathematics [5]. Therefore, HOTS characteristic questions require complex cognitive processes and
knowledge in solving problems.

Each item represents one HOTS category, namely questions with cognitive process levels in the
Analyzing (C4), Evaluating (C5), and Creating (C6) categories. HOTS-characterized mathematics questions
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that have been created in this study are similar to the categorization of the three complex cognitive processes
by Tajudin, who distinguishes the three HOTS categories in mathematics learning, where when students
identify the necessary elements and determine the relationship between these elements is a process that
requires the ability to Analyze; when students translate text and diagrams into symbolic representations
(equations), they involve the ability to Create; and when students are asked to engage in activities that check
the reasonableness (of a statement or calculation result) requires the ability to Evaluate [29].

Testing the validity of the content of the interest aspect using the CVR technique (Content Validity
Ratio) by Lawshe [24]. Content validity testing was conducted by three experts in the field of mathematics
education. The three experts in this study labeled each question that had been created as “important” so
that the CVR value for each question was 1. Gilbert & Prion mphasized that if all panelists agreed that an
item was “important”, the CVR was 1.00 [30]. So, all questions created were included in the HOTS-
characterized learning outcome test to be tested immediately.

In the final stage, namely Evaluation, limited trials and empirical validation were conducted. The
questions that have been developed may be used by others to train students to improve HOTS in daily
learning. As stated by Arafah et al., that the HOTS instrument assessment as an effective learning assessment
to train students' HOTS and 1s effective in measuring students' thinking skills based on each student's HOTS
level [31].

By using the formula manually and calculating it using Ms EXCEL, the validation results can be seen
in Table 1 below. The data displayed in Table 1 are the results of content validity, item validity testing using
the point biserial formula, analysis of the difficulty level of the questions using the average of respondents
who answered correctly and the Davis index [32], and analysis of the question discrimination index using

the formulad = (U - L)/N [17].

Tabel 1. Summary of Validation Results

No. V:fhdlty of Item V:ihdl‘ty Difficulty Level D15C1'1n111111?a11011 Final
Dimen- Problem Content (reriticar= 0.30) Power .
Ques- . C . decision
ton " ategory Tcount Q Status
CVR Note Vor) Status D Statuts 7, Statuts
pbi
po O Muli e 0398 Valid . Not g Satisfac-
K3 step feasible tory
o Cb o Mult- o 0 0836 Valid 65018 High 0,5 Good  Used
K3 step
g 6 Mult- o 0 0401 Valid 70,347 High 063 Good  Used
K3 step
g Gb o Mult- o 0d 0898 Valid 79474 High 04 Good  Used
K3 step
500 6 Mult- e A 0390 Valid . Not gy Satisfac- o
K3 step feasible tory
6 6 Muli I Good 0369 Vaid 69,357  High 0483 Saisfac- g
K3 step tory
5 -
;7 S Non 1 Good 0323 Valid 70,347 High 04  Good Used
K2 routine
C), Non- .\ 00 r . Not ) Satisfac- ..
8 K9 routine 1 Good 0.385  Vald - leasible 0,37 tory Thrown
C4, Mult- \ . Not - ]
9 K3 step 1 Good 0.410 Valid - Jeasible 0,5 Good Thrown
o 6 Muli- I Good 0361 Vaid 77,614  High 0487 Salisfac- g
K3 step tory
0 Cb o Muli e A 0993 Imadid - i i - Thrown
K3 step
C), Non- g ; . o ro . _
12 . . 1 Good 0.314 Valid 73,633 High 0,5 Good Used
K2 routine
i3 O Nom i niod 0304 Valid 73,633 High 04 Good  Used
K3 routine
iy Cb o Mule I Good 0321 Vaid 74854  High 03 Saisfac- g
K3 step tory
4 1
5 Mult 1 Good 0.412 Valid 74854 High 047 Good Used
K3 step
4 _ 1 _
6 & Non I Good 0385 Vaid 72474  High 03 Saisfac- g
K3 routine tory
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o V:fhdlty of Item Vahdl‘ty Difficulty Level Discrimmination Final
Dimen- Problem Content (reriticar= 0-30) Power e
Ques- . s decision
. sion Category r 7 Stat
tion CVR Note (;/"“n)t Status D Statuts 1, Statuts Status
pbi
17 G Non- | Good 0352 Valid 73633  High 037 SBRe g
K3 routine tory
i G0 Nomood 0353 Valid 68493 High 04 Good  Used
K3 routine
jo  Ch o Muli- e 0369 Valid 74854 High 0,37 OMSRC peg
K3 step tory
oo O Muli- o ged 0467 valid - Y 053 Good  Thrown
K3 step feasible
. C), Non- .\ _ . . .
21 . . 1 Good 0.582 Valid 53,181 Currently 0,6 Good Used
K3 routine

From the results of the validity test of the test containing 21 questions 1in it, it was obtained that 1
question was invalid, namely number 11. Question number 11 1s a question taken from KD 3.2, namely
explaining and multiplying and dividing fractions and decimals. This question is included in the category of
Analyzing Procedural Knowledge (C4, K3).

Based on the results of calculating the level of difficulty of each question item that has been declared
valid, it was found that there were 5 questions that were not used because the D value was not obtained.
This happened because the Pb value was 0.000 or negative. Of the questions that could be used, 14
questions had a high level of difficulty and 1 question had a medium level of difficulty. Questions with high
difficulty may be caused by students not understanding the meaning of the question, the use of words and
terms that students do not understand, or even students are not used to complex story-based questions. The
language aspect is indeed a problem for students in answering story questions. This 1s in line with the opinion
of Shete & Kausar based on their findings which state that this may be caused by poor understanding of
difficult topics, ambiguity in various question words or inappropriate key or personal variations in forming
multiple choices [33]. In fact, according to Zahra & At-Taqiyyah, high-level multiple-choice tests have the
potential to measure n-depth understanding, encourage critical thinking, develop analytical skills,
encourage problem solving, and prepare for standardized testing [34].

Initially, the researcher's aim was to develop multiple-choice questions whose answer choices were
statements. This is supported by Scully who 1n his article provides suggestions for several strategies that can
be done in creating multiple-choice questions that measure HOTS [15]. One of them is using high-quality
distractors. The point is that if possible, all the choices given are theoretically reasonable, with the key being
the “best” answer, as opposed to the only correct choice. The stem must also be given the right words to
reflect this.

In addition, another possibility is that students are not yet accustomed to complex story-based
problems supported by Wiaya et al. who found that the number of context-based tasks in textbooks in
Indonesia is low [35]. When solving context-based tasks, students have difficulty in (1) understanding what
the problem 1s, (2) distinguishing between relevant and irrelevant information, and (3) identifying the
mathematical procedures needed to solve a problem [35].

Students’ mathematical problem-solving ability 1s still weak. The weak mathematical problem-solving
ability of students is caused by the problem factors and learning factors. From the problem factors, Ruhyana
found that students had difficulty in understanding problems in story problems and interpreting them into
mathematical sentences [36]. Students are also not yet familiar with problem-solving questions [37][38].

From the learning factors, it was found that teachers found it difficult to teach mathematical problem-
solving skills [39], teacher-centered learning [40], and teachers were less able to design learning [41].
Usmaedi showed that learning in elementary schools so far tends to emphasize memorization aspects alone,
without being followed by deep understanding and comprehension [42]. Santi et al. summarized several
problems faced in learning mathematical problem solving in elementary schools that can also originate from
teachers, where (1) teachers do not emphasize problem solving enough; (2) teachers experience
misconceptions related to problem solving questions; (3) teachers experience difficulties in teaching
problem solving; (4) teachers still apply a teacher-centered learning model; and (5) teachers' wrong
perceptions about problem solving and learning have implications for their learning [43].

In addition, for the difficulty in working on fractional arithmetic operations, Van de Walle et al.
emphasized that fractional notation contributes to students' difficulties with fractions [20]. Aksu also stated
that in relation to fractional operations, students perform equally well with addition, subtraction,
multiplication, and division when the task 1s presented as a calculation [44]. However, when the task is given
mn the form of a story problem, addition is the easiest and multiplication is the most difficult.
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Most students fail to solve fraction problems involving the use of HOTS [45]. The faillure may be
caused by the teaching by teachers who do not emphasize the understanding and mathematical skills needed
by students and ultimately affect them because they fail to produce the desired results. In short, students
need to equip themselves with various high knowledge and skills in problem solving, which involves high-
level thinking [45].

There are two reasons why high difficulty items are still used. First, the items are not very difficult.
Second, very difficult items do not need to be dropped or discarded. The first reason 1s supported by
Menon & Kannambra who emphasized that difficult questions can be maintained and used to select
students with the highest rankings [46]. Very difficult items can still be used if teachers want to select students
with high achievement. The second reason is supported by Shete & Kausar who state that very difficult and
very easy items do not need to be dropped, but rather need to be reconstructed and reassessed [33].

The main determinant of the quality of multiple-choice items is their discriminatory power, which
reflects the extent to which more knowledgeable students are more likely than less knowledgeable students
to select the key option [47]. For discriminatory power, the higher the discriminatory power index, the
better the item can differentiate between high-scoring and low-scoring students [33]. Based on the results of
the discriminating power test, it can be seen that of the 15 questions that were retained, there were 4
questions with low discriminating power, 9 questions with medium discriminating power, and 2 questions
with high discriminating power. The questions with low discriminating power were still used becauseit alerts
us to the possibility of technical defects in test items but should not cause us to discard items that are
considered valuable. A well-constructed achievement test will by necessity contain items with low
discriminating power and to discard them would result in a test that is less, not more, valid [48].

Before testing the reliability of the test, for multiple-choice questions, it is necessary to analyze the
effectiveness of distractors. In this study, each multiple-choice question provided four answer choices with
one answer key and three distractors. The number of participants in the trial test was 112 students. This
means that 5% of 112 is 5.6 which is rounded up to 6. Based on the results of the analysis, all questions had
distractors that functioned well, where all distractors were chosen by more than 6 students.

DiBattista & Kurzawa stated that the discriminatory power of multiple-choice questions is highly
dependent on the quality of the distractors [47]. In addition, for HOTS-measuring questions as stated by
Scully that distractors that are superficially similar to the answer key, on the other hand, require a high level
of discriminatory power assessment [15]. Scully suggested that if possible, all choices given are theoretically
plausible, with the key being the “best” answer, as opposed to the only correct answer choice [15].

Next, the rehability test of the fifteen questions. From the results of the test reliability test of 15
questions, it was obtained that the test had a reliability degree of 0.609. According to Guilford, this means
that this test has high reliability or can be said to be reliable [49]. However, according to Fl-Uri & Malas, a
KR20 figure of 0.8 is considered the minimum acceptable score [50]. A figure below 0.8 can indicate various
events, namely that the test 1s very difficult, or perhaps it tests unknown or unexpected topics. KR20 1s
mfluenced by the difficulty, distribution of scores, and length of the test. As stated by Gronlund that the
factors that influence reliability are the length of the test, distribution of scores, difficulty of the test, reliability
estimation method, and objectivity [48].

Gronlund stated that in general, the longer the test, the higher the reliability [48]. Nunnally argued that
usually a minimum of 30 items have high relability [51]. While in this study only produced 15 items that
were considered good. This means that it is necessary to add items until the reliability 1s as high as desired
[51]. The greater the spread of scores, the higher the estimated reliability [47]. In this study, the distribution
of data has spread from score 1 to score 14 from a total score of 21, but it is not evenly distributed following
a normal curve. Tests that are too easy or too difficult tend to give low reliability scores [48]. This is because
easy and difficult tests produce a limited distribution of scores. In addition, the ideal average difficulty
desired for multiple-choice tests can be estimated by taking the midpoint between the expected chance
score and the maximum possible score. The expected chance score for multiple-choice questions with four
answer choices 1s 25% correct (one out of four). This means that the ideal average difficulty of the test
should be 62.5% (0.625). While the average difficulty in this study was 0.329 which is less than 0.625. This
1s one of the reasons that the rehability of the test is not so high.

Based on the results of the study above, it can be concluded that the HOTS-characterized mathematics
learning outcome test in the form of multiple choices for fifth grade elementary school students has 15 good
questions that meet both qualitative and quantitative criteria. However, the fifteen questions have a reliability
that 1s not so high. Even so, the fifteen questions can be an example to measure and develop the HOTS of
fifth grade elementary school students in mathematics. Furthermore, although the developed HOTS-
characterized mathematics learning outcome test consists of 15 items that meet both qualitative and
quantitative criteria, a comparison with international standardized tests such as PISA 1s necessary. The PISA
assessment focuses on mathematical literacy and real-world problem-solving, which aligns with the
principles of HOTS. Therefore, future studies are encouraged to align or benchmark the developed test
items against PISA frameworks to ensure global relevance and enhance the validity of HOTS assessments
at the elementary level.
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CONCLUSION

Based on the results and discussion, it can be concluded that out of 21 questions created, there are
15 questions that can be used to measure HOTS of Elementary School students in mathematics, while 6
other questions were declared to be failed. 1 question was failed during the validity test and 5 questions
were failed during the analysis of the question difficulty index. Of the 15 questions retained, 14 questions
were categorized as difficult and 1 question with a moderate level of difficulty. Judging from the
discriminating power of the questions, tThere are 2 items with a high category, 9 items with a medium
category, and 4 items with a low category. All distractors in each item function effectively. The results of
the reliability test conducted on 15 items that were still maintained showed thatThe fifteen questions have
a reliability that is not so high, which is 0.609. However, the fifteen questions can be an example to
measure and develop HOTS of grade V elementary school students in mathematics.

The suggestions that can be put forward in this study are as follows: 1) for students, it is necessary
to get used to working on HOTS mathematics problems in order to have high abilities in mathematics
learning outcome tests; 2) for teachers, these HOTS problems can be used together with the
implementation of mathematics learning strategies such as problem-solving methods or problem-based
learning (PBL) models; teachers are expected to use contextual problem-solving problems and not routine
ones; 3) for schools, it is expected to be able to accommodate and encourage the creativity of teachers
and students in all forms of learning, especially in mathematics learning well; 4) for other researchers, the
results of this analysis can be used as an example that HOTS problems can be developed in elementary
schools, especially in the field of elementary school mathematics.
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