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ABSTRACT

In Indonesia, students' higher-order thinking skills are
considered low, and students still struggle to solve HOTS
problems. One of the reasons is that students are
unfamiliar with HOTS questions. This research aims to
produce a two-tier multiple-choice test to measure
students' higher-order thinking skills on motion and force.

Unlver5|'tas Tanjungpura,  Pontianak, The method used in this research is 4D by Thiagarajan. The
Indonesia .

test developed was validated by experts and was tested on

e 250 8th grade students in Pontianak. Analysis of the test
Hamdani . -

. . . . used the Rasch Model to determine item fit, reliability, and
Universitas  Tanjungpura, Pontianak, : . ) .

Indonesia difficulty levels using Winstep. Based on the qualitative and

quantitative analysis, the test developed is feasible to
measure students' higher-order thinking skills with the
content validity value score 0,84 and construct validity
explained by the test 64,71%. The item reliability is
excellent, with a score of 0,94, but students have low
consistency in answering the test. The test consisted of 2
complicated items, six difficult items, five easy items, and
two specific items.
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INTRODUCTION

In the 21st Century, human resources are required to have skills, those are including
I) critical thinking, 2) creativity, 3) collaboration, and 4) communications (Mukhtar & Haniin,
2019). Ciritical thinking is highly associated with higher-order thinking skills; hence students
must be able to pick, interpret, and evaluate different kinds of information that are relevant,
credible, and valid to solve problems creatively based on the information given that has to be
considered (Afandi, Sajidan, Akhyar, & Suryani, 2018; Mislia, Indartono, & Mallisa, 2019;
Miterianifa, Ashadi, Saputro, & Suciati, 2021). Critical and creative thinking skills can be
improved through work experience in solving HOTS questions, which will impact problem-
solving abilities habit (Widana, 2017). Indonesia is currently implementing the HOTS-oriented
curriculum to develop these skills, the 2013 curriculum revision. According to Permendikbud
Rl Number 37 of 2018, in the knowledge core competence stated that students are expected
to have to comprehend and apply knowledge based on their curiosity, and in the skill, core
competence stated that students are expected to be able to process, present, and reason in
concreate and abstract realm based on what they had learned. This shows that learning in the
2013 curriculum, students are expected to have conceptual comprehension and develop
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higher order thinking skill so they can apply what they had learned at school to their daily
lives.

The Bloomian Taxonomy revised by Anderson thinking skills or cognitive process is
divided into six skills, remember; understand; apply; analyze; evaluate, and create (Krathwohl,
2002). Those six skills are then divided into two categories: Low Order Thinking Skills (LOTYS)
and Higher Order Thinking Skills (HOTS). Anderson and Krathwohl| define HOTS as an
analysis, evaluation, creation process. Higher-order thinking is a skill that requires a person
to think logically and critically to understand a fact, concluding then linking it to facts in a new
way to use it to solve a problem creatively (Thomas & Thorne, 2009). Hence, conceptual
comprehension is not enough to solve HOTS problems; students also have to be able to
connect between concepts logically and creatively.

According to PISA 2018, Indonesia placed 62 out of 79 countries participating in the
science field with a score below the OECD average. The students can only solve problems
with low complexity (OECD, 2019). Based on the PISA results, students' general ability is
inadequate in integrating information, generalizing case by case to formulate a general solution,
formulating real-world problems to the scientific concept, and investigating. The National
Examination results also show the lack of students' higher-order thinking skills. According to
the National Examination 2018 and 2019 results in science, students are still struggling to
solve questions that require them to analyze and questions that have indirect information such
as tables, pictures, and graphs (Puspendik, 2018, 2019). Hence students' higher-order thinking
skill needs to be improved.

Teachers' evaluation process is one of the necessary factors in students' higher-order
thinking skills development (Bhattacharya & Mohalik, 2021). Low physics learning achievement
can be caused by the learning process or an inaccurate model assessment (Istiyono, Mardapi,
& Suparno, 2013). Students' lack of practice and experience in solving problems that test
students' higher-order thinking skills can also be the reason. Putri and Raharjo (2017) state
that one way to improve students' HOTS is to provide and familiarize students with problem-
solving, creative thinking, and critical thinking. Providing training or assessment in the form of
HOTS questions can improve students' thinking abilities and learning motivation (Brookhart,
2010).

Regulation of the Minister of Education and Culture of the Republic of Indonesia No.
104 of 2014 concerning Assessment of Learning Outcomes by Educators in Primary and
Secondary Education states that the Targets of Assessment of Learning Outcomes by
Educators on knowledge competence include the level of ability to know, understand, apply,
analyze, and evaluate factual knowledge, conceptual knowledge, procedural knowledge, and
metacognitive knowledge. The use of HOTS questions to assess learning outcomes is
expected to encourage students to think broadly about the subject matter to improve
students' higher-order thinking skills. Nevertheless, in reality, in the field, the use of tests
categorized as HOTS is lacking, even on a national scale.

Based on the results of pre-research in several public junior high schools in Pontianak,
it was found that educators very rarely used HOTS questions in the assessment process, both
informative and summative assessments. The test instruments used in the assessment
primarily only measure C1 to C3 cognitive level, which is to measure students' comprehension
and ability to apply. This shows that the test questions used are still in the LOTS category.
Items that measure HOTS are only limited to measuring the ability of students to analyze, and
there are no items that measure their skill in evaluating and creating. The form of the test
used in schools is multiple choice four choices.

The lack of use of HOTS level questions was also found in the National Examination.
In the results of the analysis of items used in the National Examination, the use of HOTS
questions is still low. The majority of items used in the National Examination only measure
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students' low-order thinking skills. There are only a few items that measure students' higher-
order thinking skills, and the items are limited to analysis skill (C4) only (Afifah, 2020; Iffa,
Fakhruddin, & Yennita, 2017; Ukhtia, 2020; Wijaya, Eresti, Despa, & Walid, 2019).

The HOTS test is usually given in the form of an essay or multiple choice. The two-
tier multiple-choice test developed to better measure an ability is the two-tier multiple-choice
test. The two-tier multiple-choice test developed by Treagust (2007) can be used to measure
students' ability and find out students' misconceptions. This two-tier test was developed to
reduce the shortcomings of the ordinary multiple-choice test model. Namely, in the ordinary
multiple-choice test model, test takers are only asked to answer the given problem without
considering the reasons why the test taker chose the answer. In the first tier, HOTS questions
are presented, and in the second tier, the reasons are presented to determine students'
understanding of the material and reduce the lucky guess factor. In multiple-choice one tier,
students are only asked to work on questions without being asked why they chose the choices
presented. Cullinane (201 1) states that the inclusion of reasons at the second level of the two-
tier multiple-choice question form can be used to improve higher-order thinking skills and see
the ability of students to give reasons.

Rasch Model was developed to produce an objective measurement, where the
measurement is sample dependent rather than test-dependent scoring (Novinda, Silitonga, &
Hamdani, 2019; Safihin, 2019). The total of correct answers depends on the subject being
measured, which is descriptive and applies to all subjects. On Rasch Model, there is a
probabilistic model, which is that subjects who have higher abilities than the rest should have
a greater chance of answering one item correctly and the other way around (Bond & Fox,
2020).

METHOD

The method used in this research is research and development. To develop the test,
this research used the development procedure by Thiagarajan (1974), 4D (define, design,
develop and disseminate). The test was written with higher-order thinking test development
method by Widana (2017), which consist of six steps, (1) analyze Core Competency that can
be developed to HOTS questions; (2) create HOTS items' blueprint; (3) Write down the
items based on the analysis done; (4) determine scoring guidelines; (5) perform qualitative
analysis; and (6) perform quantitative analysis.

The subjects of this study are 8th-grade students in Pontianak. This research was
conducted in 3 different Junior High Schools in Pontianak, selected by the average National
Examination score, SMP Negeri 10 Pontianak, SMP Negeri || Pontianak, and SMP Negeri 18
Pontianak. There are 15 items developed in this study to measure students' higher-order
thinking skills on motion and forces. The test developed were validated by experts. The test
was then given to 250 8th grade students from the selected schools. The data collected were
analyzed using Rasch Model with Winstep. The analysis was done to observe the test
characteristics: item fit, person reliability, item reliability, and the difficulty of the items.

RESULTS AND DISCUSSION

This research produced a two-tier, multiple-choice test instrument to measure students’
higher-order thinking skills on motion and force. Higher-order thinking skills (HOTS) test
instrument on this research is based on Bloomian Taxonomy revised by Anderson and
Krathwohl, which consists of analysis(C4), evaluation (C5), and creation (Cé6). The test
instrument developed has |5 items with three answer choices on each tier. The first tier of
the item is the HOTS question and the second tier of the item is the arguments following the
first tier. The answer collected then were quantitatively analyzed using Rasch Model with
Winstep.
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On the define stage, a preliminary study was done to gather information about students'
higher-order thinking skills, their difficulty in solving HOTS problems, and the use of HOTS
questions at school. Based on the evaluation documents, most of the items used to evaluate
students only measure students' low order thinking skills or comprehension skills.

a) Test Development Results
The items developed were analyzed qualitatively based on the construction, materials,
and the use of language (Widana, 2017). The test developed was validated by two experts
in physics education and three science teachers on the development stage to obtain
content validity. The validation results based on the Aiken V score are shown in Table I.
Table | : Content Validity

Item Number Aiken V’ score Category Validity
| 0,88 Very High Valid
2 0,86 Very High Valid
3 0,85 Very High Valid
4 0,86 Very High Valid
5 0,8l Very High Valid
6 0,89 Very High Valid
7 0,84 Very High Valid
8 0,83 Very High Valid
9 0,85 Very High Valid
10 0,87 Very High Valid
I 0,83 Very High Valid
12 0,82 Very High Valid
13 0,83 Very High Valid
14 0,82 Very High Valid
I5 0,84 Very High Valid

Based on expert validation, the test instrument developed has an average coefficient
of validity of Aiken V' of 0.84, so it is valid with perfect criteria. Items validated by experts
are assessed in material, construction, and language. In terms of material, the test
instrument developed was valid in the very high category with an average Aiken V'
coefficient of 0.83. This shows that the material tested on the test instrument follows the
essential competencies; the question indicators refer to higher-order thinking skills. The
questions developed by the questions indicators can measure higher-order thinking skills
according to their cognitive dimensions. In addition, the construction of the test
instrument is also valid with a very high category with an average Aiken V' coefficient of
0.83. This shows that the formulation of the subject matter is excellent and clear, the
stimulation used is clear and functioning, and the answer choices on both tiers are
homogeneous and logical. Linguistically, the test instrument is also valid with a very high
category with the average Aiken V' coefficient of 0.90. This shows that the language on
the test instrument is communicative, following the rules of the Indonesian language, and
does not cause double interpretation.

After the items developed were revised based on the experts' comments and
suggestions, the items' readability was tested on a few 8th-grade students. The test was
done to discover if the language used on each item can be understood and do not cause
any misconception, also to test if the time given is enough to finish the whole items
developed. The results show that the items developed are feasible to be tested on a bigger
scale. The test instrument then was tested on 250 eighth-grade students from three state
junior high schools in Pontianak. The test was scored by Afnia (2020) with four criteria as
follows in Table 2.
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Table 2: Scoring Guidelines

Criteria Score
Both tiers incorrect 0
First-tier correct and second-tier incorrect
First-tier correct and second-tier incorrect
Both tiers correct

wN -

b) Testing Results

The test results were quantitatively analyzed using Rasch Model with Winstep to
discover item fit, person reliability, item reliability, and items difficulty. The items
developed were tested on 250 eighth-grade students from three state junior high schools
in Pontianak.

Item Fit

Item fit shows whether the item developed function normally in measuring. The score
of Outfit MNSQ (0,5<MNSQ<I,5); Outfit ZSTD(-2,0<ZSTD<+2,0); and Pt. Measure
Correlation (0,4<Pt. Measure Corr<0,85) are the criteria of item fit that should be met
(Sumintono & Widhiarsono, 2015). An item can be categorized as fit or valid if met at least
two of three criteria. The result of the item fit analysis is shown in Table 3.

Table 3 : Item Fit

Item Number Outfit MNSQ Outfit ZSTD Pt. Measure Corr Validity
| 0,94 -0,63 0,43 Valid
2 1,14 2,23 0,43 Valid
3 1,22 3,29 0,4 Valid
4 0,55 -8,25 0,44 Valid
5 0,92 -1,25 0,51 Valid
6 0,95 -0,71 0,48 Valid
7 1,04 0,65 0,47 Valid
8 0,99 -0,13 0,24 Valid
9 0,97 -0,18 0,37 Valid
10 1,14 2,23 0,43 Valid
| 11 1,17 0,21 Valid
12 1,04 0,30 0,22 Valid
13 0,82 -3,29 0,41 Valid
14 1,09 0,97 0,23 Valid
15 1,12 1,35 0,07 Valid

Some items do not meet Outfit ZSTD, and Point-Measure Correlation criteria based
on the item fit analysis. Outfit ZSTD shows if the item fits the Rasch Model. A negative
value of the Outfit ZSTD shows that the data is overfitting to the Rasch Model or it has
too slight variance in students' response than the Rasch Model and is closer to the
Guttman-style response string where all of the students with high ability answer the item
correctly and the students with low ability answer the item incorrectly (Susac, Planinic,
Klemencic, & Milin Sipus, 2018). Whereas, a positive value of the Outfit ZSTD shows that
the data is underfitting or it has too much variance in students' response than the Rasch
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Model, which means that the students answer the item unpredictability (Bond & Fox, 2020;
Lailiyah, Supriyati, & Komarudin, 2018). Point-Measure Correlation describes how an item
correlates with the test as a whole. If the point-measure correlation value is |,0, it shows
a perfect correlation between the item responses and the estimated Rasch measure of the
test takers where all students with low ability answer the item incorrectly and all students
with high ability answer the item correctly. If the value is 0,00, it shows that the item does
not correlate with the rest of the items; whether students answer correctly or incorrectly
is random and do not have anything to do with their ability (Planinic, Boone, Susac, &
Ivanjek, 2019; Smiley, 2015).

However, all of the items developed met at least two of the three criteria needed to
be met. It can be concluded that all of the items developed are fit. This shows that all
items are valid and can be used without needing any items to be removed or replaced.

Reliability

Rasch model informs about the person dan item reliability. The person and item
reliability of this study is shown in Picture |. Person reliability pictures respondents'
consistency in answering the test, which means that respondents will reproduce the
sequence of order if they are given another test measuring the same construct (Chan,
Ismail, & Sumintono, 2014; Sumintono & Widhiarsono, 2015). Based on the analysis, the
personal reliability of this research is categorized as low, with a score of 0,46. This shows
that the consistency of the students' answers is weak. The value of the person separation
is 0,93 or below 1,0, which means that the test developed could not distinguish students'
ability well enough (Pratama & Husnayaini, 2020). Adding items to the test or testing
students with a more extreme ability (high and low) can help to increase person reliability
(Chan et al, 2014).

On Rasch Model, item reliability pictured the items' quality of the test instrument.
Based on the analysis, the item reliability on this research is categorized as excellent, with
a score of 0,98. The high value of item reliability shows that the test developed is sufficient
and can measure students' higher-order thinking skills in motion and forces (Erfan,
Maulyda, Ermiana, Hidayati, & Widodo, 2020).
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Picture I: Person and Item Reliability

TABLE 3.1 Analisis Data.xlsx ZOUB32WS.TXT Dec 16 2821 18:36
INPUT: 258 PERSON 15 ITEM REPORTED: 258 PERSON 15 ITEM 4 CATS WINSTEPS 5.1.4.8@

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE S.E. MNSQ  ZSTD MNSQ  ZSTD |
[ = |
| MEAN 21.4 14.9 86 .23 1.80 .82 1.88 84 |
| SEM .4 .8 82 .68 82 .86 82 85 |
| P.5D 6.4 .6 33 .84 24 93 38 86 |
| 5.5D 6.4 .6 33 .84 .24 .93 38 86 |
| max. 35.e 15.8 1.681 .82 2.87  3.69 2.74 4.86 |
| MIN. 1.8 7.8 -1.54 .22 43 -2.59 48 -1.98 ||
[ == |
| REAL RMSE .24 TRUE 5D .23 SEPARATION .93 PERSON RELIABILITY .46 |
|MODEL RMSE .23 TRUE 5D .24 SEPARATION 1.81 PERSON RELIABILITY .51 |
|

| S.E. OF PERSON MEAN = .82

PERSON RAW SCORE-TO-MEASURE CORRELATION = .99 (approximate due to missing data)
CRONBACH ALPHA (KR-28) PERSON RAW SCORE "TEST"™ RELIABILITY = .48 SEM = 4.59 (approximate due to missing data)
STANDARDIZED (5@ ITEM) RELIABILITY = .77

SUMMARY OF 15 MEASURED ITEM

| TOTAL MODEL INFIT QUTFIT |
| SCORE COUNT MEASURE 5.E. MNSQ  ISTD  MNSQ  ZSTD |
[ = |
| MEAN 356.7 248.5 /8 .86 1.68 .19 1.88 14|
| SEM 32.1 3 1@ .88 84 .83 .84 71
| P.SD 119.9 1.8 38 .81 15 3.1@ 16 2,65 |
| s.s50 124.1 1.1 39 .e1 16 3.21 16 2.74 |
| Max. 506.8 256.8 87 .88 1.21  3.61 1.22 3.29 |
| MIN. 187.8 246.8 78 .85 55 -9.9@ .55 -8.25 |
[ = - o |
| REAL RMSE .86 TRUE 5D .37 SEPARATION &.44 TITEM  RELIABILITY .98 |
|MODEL RMSE .86 TRUE 5D .37 SEPARATION 6&.68 ITEM  RELIABILITY .98 |

|

| 5.E. OF ITEM MEAN = .18

ITEM RAW SCORE-TO-MEASURE CORRELATION = -1.88 (approximate due to missing data)
Global statistics: please see Table 44,
UMEAN=.8888 USCALE=1.08680

Wright-Map

The difficulty level states how difficult the items are by students' responses. The higher
the level of difficulty, the lower the opportunity for students to answer the questions
correctly. The items' difficulty level is classified by the standard deviation (SD) value and
the items' logit value (Hamdu, Fuadi, Yulianto, & Akhirani, 2020). If the logit value is less
than the minus of SD value (logit < -SD), the item is categorized as very easy; if the logit
value is between the range of minus SD value to zero (-SD — 0), the item is categorized as
easy; if the logit value is in the range of zero to SD value (0 — SD), the item is categorized
as brutal; if the logit value is greater than the SD value (logit > SD), the item is categorized
as very difficult (Palimbong, Mujasam, & Allo, 2019).

The level of difficulty in the developed test instrument has difficulty in the
straightforward, easy, challenging, and very difficult categories, with two tough questions,
six difficult questions, five easy questions, and two straightforward questions, which are
shown in Table 4.

Table 4: Item Difficulty

Measure Category Item Number Total Percentage
>+0,38 Very Difficult 12, 14 2 items 13%
0-0,38 Difficult I1,15,4,3,10,7 6 items 40%

-0,38-0 Easy 13,8,2,6,5 5 items 33%
<-0,38 Very Easy 1,9 2 items 13%

The width of the distribution of test items should match the population's ability so that
the ability can be well measured (Planinic et al., 2019). Based on the results of the analysis
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of the difficulty level of the items, all the items developed were within the range of the
students' abilities. The distribution of students' abilities is shown in Picture 2. The wright-
map compares students and the items developed, placing the difficulty of the items on the
same measurement scale with the students' ability (Azura, Samsudin, & Utari, 2020). The
wright-map shows that there are students that have ability greater than what the test
measured, so there is no item that can differentiate their ability with the rest of the
students tested, and there are also students that have ability lower than what the test
measured, so there is no item that can discriminate them with the rest of the students.
The most difficult question for students to work on is item number 12, this is indicated
by the logit value of 0.89 which is the highest logit value compared to other items. In
addition, the easiest question for students to work on is item number 9 with a logit value
of -0.78 which is the lowest logit value of the other items.

Picture 2: Wright-map

TABELE 12.2 #Analicis Datal.xleox ZOUI13WE THT Dec 16 2821 11: &
IMPUT: 258 PERSOM 15 ITEM REPORTED: 258 FERSOM 15 ITEM 4 CATS WIMSTERS 5.1.4.8

MEASURE FERSOM - MAP - ITEM
<mores | crares

1 .+
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More able students T More difficult items
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Construct Validity

The construct validity of this research was conducted using SPSS with exploratory
factor analysis. Construct validity shows how well the indicators describe the construct
based on the measurement (Djamba & Neuman, 2014). The items ' dimensions or factors
can be explained with the exploratory factor analysis method. The factor analysis using
SPSS shows that the developed test instrument has a percentage of variance that the test
of 64.71% can explain through 5 factors.

CONCLUSION

I. The test instrument developed is valid based on the validation results. The results of
expert validation are in the very high category with a value of 0.84, and the results of
construct validation of the developed test instrument have a percentage of variance that
the test of 64.71% can explain.

2. The test instrument developed is valid and reliable, and the difficulty level was known
according to the Rasch model. All items met at least two of the three criteria for item
suitability; Person reliability in the weak category with a value of 0.46; item reliability in
the particular category with a value of 0.98; and the test instrument consists of 2 tough
questions, six difficult questions, five easy questions, and two straightforward questions.
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