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Abstract: This study aims to determine the criteria for questions with the type of matchmaking,
reasoned plural choice, and causality that can increase HOTS on Newton's Law material about
high school physics motion. This research was conducted at MAN 2 Tangerang by using class
X, which consisted of two classes. The product developed from this research is the Higher
Order Thinking Skills (HOTS) test instrument using Research and Development. The test
instruments used were matchmaking, reasoned plural choice, and causality on Newton's Laws of
motion in high school physics lessons. Data collection techniques in this development use a
questionnaire and Newton's Law of Motion test. The data obtained in the study were analyzed
using the Rasch model with the help of Ministep 4.5.1 software. The results showed that the test
instrument for higher order thinking skills on Newton's Law of motion material uses
information, pictures, graphics, or data to solve problems, describe information in detail, relate
one concept to another, and look for links from different information. can train students' higher
order thinking skills.
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INTRODUCTION

Trianto (2013: 1) explains that education that is able to support future
development is education that is able to develop the potential of students, so that those
concerned are able to face and solve life problems they face. Currently, schools in
Indonesia are already using the revised 2013 curriculum. Bima (2019) states that the
2013 curriculum has four aspects of assessment, namely spiritual aspects (KI-1), social
aspects (KI-2), knowledge aspects (KI-3), and skills aspects (K14). The implementation
of the 2013 curriculum is carried out as an effort to harmonize education with the times,
the demands of technological progress and the abilities of students, and refers to the
abilities needed in the 21st century based on Higher Order Thinking Skills (HOTS).
Bialik, Bogan, & Fadel (2015) explain that the abilities that students must possess in the
21st century are creativity, critical thinking, communication, and collaboration where
these four aspects are part of HOTS.

Measuring students' HOTS abilities requires question instruments and question
assessment instruments which can be developed every year according to the demands of
the times and curriculum by researchers. Physics learning does not escape from working
on assignments in the form of questions. Based on the results of interviews with 5
teachers and 15 students at MAN 2 Tangerang, it was found that teachers still rarely
gave HOTS questions on Physics, Newton's Laws of Motion. This causes students to
still have difficulty working on HOTS physics questions. Working on physics questions
requires an instrument to measure the ability of students. The development of
instruments to measure students' HOTS by teachers is important in learning in this
competitive 21st century (Retnawati, et al. 2018). The lack of space for students in
developing HOTS is due to the lack of understanding of educators regarding the HOTS
instrument (Heru & Suparno, 2019; Retnawati, et al, 2018). HOTS measurement
requires an instrument that not only measures the ability of students, but is also able to
train students' HOTS (Hamdi, Suganda, & Hayati, 2018). The use of the right question
instrument in knowledge competence is very dependent on the behavior to be measured.

Previous development studies used several types of questions, such as a
combination of description and multiple choice (Sinaga, 2018), multiple choice
(Wibowo & Cholifah, 2018), a combination of multiple choice and constructed response
test or multiple choice reasoned (Ku, 2009). The type of multiple choice questions is
often used because measurements related to objectivity will be easier in data collection
and data management. However, the type of multiple choice questions is not good,
because it cannot reveal the ability of students to reason, give reasons, and synthesize
problems (Putri, Istiyono, & Nurcahyanto, 2016). Each question has its own advantages
and disadvantages.

METHOD

Research Design & Procedures

The product developed from this research is the Higher Order Thinking Skills
(HOTS) test instrument using Research and Development. The test instruments used
were matchmaking, reasoned plural choice, and causality on Newton's Laws of motion
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in high school physics lessons. The purpose of developing the HOTS test instrument is
to measure students' higher order thinking skills.

The product developed is based on the Borg & Gall (1983) development model
which consists of 10 development steps. In this development research using only 7
steps, namely (1) research and information gathering, (2) planning, (3) initial product
development, (4) limited trial, (5) initial product revision, (6) field trial , and (7) final
product revision.

Population and Sample

Research on the development of test instruments analyzed using the Rasch
Model was carried out at MAN 2 Tangerang Regency. The population in this study,
namely students of class X MIA MAN 2 Tangerang in the 2020/2021 school year. The
sample of this study was taken randomly using one class which was used as the
experimental class.

Data Collection and Instrument

Data collection techniques in this development using questionnaires and tests.
The questionnaire method was used to obtain information on needs analysis addressed
to class X students at MAN Tangerang. The questionnaire contains questions about the
completeness of school facilities, the use of school facilities in learning, the use of
learning media, the effectiveness of learning methods, and learning resources used, as
well as the difficulties faced by students in the material developed. This questionnaire
method is also used to measure the validity of product development, including construct
expert test and content expert test. The revised test instrument was then piloted to class
X MIA MAN 2 Tangerang in the even semester of the 2020//2021 academic year. The
data from the test results were to determine the validity, reliability, higher-order
thinking skills of students, and the level of individual suitability. The test questions
were used by researchers to determine their effect on HOTS.

Data Analysis

The results of trials conducted by 53 students were then analyzed using the
Rasch model with the help of Ministep 4.5.1 software by means of the data that has
been obtained, tabulated in the Ms. software. Excel is then converted and analyzed with
the help of Ministep 4.5.1 software in the Windows 10 operating system. The data
analysis was carried out to determine the validity, reliability, and difficulty level of the
questions, as well as to determine the level of students' higher-order thinking skills.

Methods can be written in sub-sections, with sub-subheading. Subtitles do not
need to be given a notation, but are written in lowercase letters beginning with a capital
letter, Times New Roman-12 unbold, left flat. For example, you can see the following.
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RESULT AND DISCUSSION

In the validity analysis, the researcher identified according to the type of
questions or items, which amounted to 9 questions with the type of reasoned multiple
choice, 8 questions with the type of cause and effect, and 8 questions with the type of
multiple reasoned reasoning. The validity or level of suitability of the items (item fit) is
used to identify whether the items can function normally in measuring or not. If there
are questions that do not fit, then there is an indication that there is a misconception
among students about the question. The results of the analysis of the suitability of items
for the type of reasoned plural choice, cause and effect, and reasoned matchmaking can
be seen in Table 1-2.

Table 1. Conformity Analysis of Reasoned Multiple Choice Question Types

MEASURE OUTFIT PT-MEASURE ITEM
MNSQ ZSTD CORR

-18 95 -14 47 s1
-46 1.56 2.66 28 s2
04 1.27 1.06 24 s3
-1.00 1.05 30 41 s4
27 99 05 31 S5
-.90 80 -.98 62 s6
-18 95 _14 47 s7
-1.04 1.28 1.16 43 S8
_11 90 -36 50 s9

In Table 1, almost all reasonable multiple choice questions have met the
three criteria for the suitability of the items according to Boone et al. (2014), namely:
(1) the outfit mean square value received is 0.5 < MNSQ < 1.5; (2) accepted
OUTFIT Z-standard (ZSTD) value -2.0 < ZSTD < +2.0; (3) the value of Pt Mean
Corr is accepted: 0.4 < Pt Measure Corr < 0.85. There are only a few questions that
do not meet one of the criteria, such as question number 2 which has an OUTFIT
MNSQ and ZSTD scores of 1.56 and 2.66, respectively; and questions number 2, 3,
and 5, which have a Pt Measure Corr value of .28, respectively; .24; and 31; question
number 2 does not meet the three criteria, but the other three questions, namely
numbers 3 and 5 still meet the MNSQ and ZSTD criteria so questions number 3 and
5 are maintained, but number 2 is changed or replaced. Based on this, it can be said
that 8 multiple choice questions are valid and do not need to be changed or replaced.
1 question number 2 needs to be changed or replaced.
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Table 2. Conformity Analysis of Cause-and-Effect Types

MEASURE OUTFIT PT-MEASURE  ITEM
MNSQ ZSTD CORR
06 1.07 34 31 S10
53 65 -1.06 34 s11
24 1.09 39 24 S12
-53 1.41 2.07 42 S13
90 1.36 95 12 s14
60 98 07 20 S15
1.36 55 -1.13 26 S16
39 52 -1.74 49 S17

In Table 2, almost all reasonable multiple choice questions have met the three
criteria for the suitability of the items according to Boone et al. (2014), namely: (1) the
outfit mean square value received is 0.5 < MNSQ < 1.5; (2) accepted OUTFIT Z-
standard (ZSTD) value -2.0 < ZSTD < +2.0; (3) the value of Pt Mean Corr is accepted:
0.4 < Pt Measure Corr < 0.85. There are only a few questions that do not meet one of
the criteria, such as question number 13 which has an Outfit ZSTD value of 2.07; and
questions number 10, 11, 12, 14, 15, and 16 which have a Pt Measure Corr value of .31
respectively; .34; .24; .12; .20; .26. Question number 13 does not meet the Outfit ZSTD
value criteria but meets two other criteria, namely the Outfit MNSQ value and Pt
Measure Corr. Other questions, namely numbers 10, 11, 12, 14, 15, 16 still meet the
MNSQ and ZSTD criteria. Questions number 10-16 can be defended because they still
meet two criteria. Based on this, it can be said that the 8 matching questions are valid
and do not need to be changed or replaced.

Table 3. Conformity Analysis of the Types of Reasonable Matching Questions

MEASURE OUTFIT PT-MEASURE  ITEM
MNSQ ZSTD CORR
85 1.00 27 19 S18
57 76 -64 19 S19
06 67 -1.37 54 $20
213 1.28 1.24 37 s21
08 135 1.30 30 S22
06 69 -1.25 52 $23
_58 78 -1.28 59 S24
-.64 79 -1.21 67 S$25

In Table 3, almost all reasonable multiple choice questions have met the three
criteria for the suitability of the items according to Boone et al. (2014), namely: (1) the
outfit mean square value received is 0.5 < MNSQ < 1.5; (2) accepted OUTFIT Z-
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standard (ZSTD) value -2.0 < ZSTD < +2.0; (3) the value of Pt Mean Corr is accepted:
0.4 < Pt Measure Corr < 0.85. There are only a few questions that do not meet one of
the criteria, such as questions number 18, 19, 21, and 22 which have a Pt Measure Corr
value of .19 in a row; .19; .37; and.30. The four questions did not meet the Pt Measure
Corr score criteria, but still met the MNSQ and ZSTD criteria. Questions 18, 19, 21, and
22 can be defended because they still meet two criteria. Based on this, it can be said that
the 8 matching questions are valid and do not need to be changed or replaced.

Cronbach's alpha value is used to measure reliability, namely the interaction
between the person (respondent) and the item (item) as a whole. The person reliability
for the 25 questions that have been made can be seen in Table 3.

Table 4. Person Reability Question

TOTAL COUNT MEASURE MODEL __INFIT OUTFIT
SCORE ERROR ~ MNSQ MNSQ
ZSTD ZSTD
MEAN 483 25.0 64 22 105 -1 101 -1
PSD. 105 0 53 05 92 13 84 12
MAX. 69 25.0 1.31 43 729 480 636 450
MIN. 26 25.0 -.94 18 31 241 34 157
REALRMSE 27 TRUESD. 45  SEPARATION PERSON
1.69 RELIABILITY .74

S.E. Of Person MEAN = .22

Person RAW SCORE-TO-MEASURE CORRELATION = .99
CRONBACH ALPHA (KR-20) Person RAW SCORE “TEST” RELIABILITY=.88

In Table 4, it is known that the average value of INFIT MNSQ and OUTFIT
MNSQ, respectively, is 1.05 and 1.01, meaning that the value is getting better because
the value is close to the ideal, which is 1.00. The average value of INFIT ZSTD and
OUTFIT ZSTD, respectively, is -.17 and -1, meaning that the quality of the person is
getting better because the value is close to the ideal, which is .0. The value of person
reliability is .74 which indicates that the consistency of the answers from the
respondents is good, meaning that the respondents do all the questions seriously and not
carelessly. The reliability items for questions with the type of reasoned plural choice,
cause and effect, and reasoned matchmaking can be seen in Table 5.

Table 5. Item Reliability Question

TOTAL COUNT MEASURE MODEL INFIT OUTFIT
SCORE ERROR MNSQ MNSQ
ZSTD ZSTD
MEAN  102.3 53.0 .00 15 .98 0 1.01 1
P.SD. 30.6 0 .60 .04 24 13 .29 1.2
MAX. 163 53.0 1.36 .29 129 206 156 2.66
MIN. 64 53.0 -1.04 A2 S5 207 52 -1.74
REAL RMSE .16 TRUE SD. 45 SEPARATION ITEM
.58 RELIABILITY .92

S.E. Of Item MEAN = .15
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In Table 5, it is known that the average value of INFIT MNSQ and OUTFIT
MNSQ, respectively, is 0.98 and 1.01, meaning that the value is getting better because
the value is close to the ideal, namely 1.00. The average value of INFIT ZSTD and
OUTFIT ZSTD, respectively, is .0 and .1, meaning that the quality of the items is
getting better because the value is close to the ideal, which is 0.0. The item reliability
value is 0.92 which indicates that the quality of the items is very good, meaning that the
items on the test instrument can measure what is being measured.

From the analysis using the Rasch model with the help of Ministep 4.5.1
software, it can also provide information about the level of difficulty of the questions
(item measure). The level of difficulty of the questions in the test instrument is seen
from the logit value of each item contained in the measure column. A high logit value
indicates the highest level of problem difficulty. The logit value and Standard Deviation
(SD) for each item in detail can be seen in item measures in Appendix 10-12, and for
the distribution of questions, see the Wright map in Appendix 13-15. The items on the
test instrument can be grouped into four levels of problem difficulty based on their logit
value, for questions with the type of reasoned plural choice, cause and effect, and
reasoned matching questions in Table 6-8.

Table 6. Difficulty Level of Reasoned Plural Type Questions

Measure Category No Sum
>1,03 Very hard - -
0-1,03 Hard 3,5, 2
-1,03-0 Easy 1,4,6,7,9 5
<-1,03 Very easy 8 1
Sum of guestion 8

Table 7. Difficulty Level of Cause and Effect Type Problem

Measure Category No Sum
> 1,03 Very hard 16 1
0-1,03 Hard 10,11, 12,14, 15, 17 6
-1,03-0 Easy 13 1
<-1,03 Very easy 0 0
Sum of question 8
Table 8. Difficulty Level of Reasonable Matchmaking
Measure Category Number Sum
> 1,03 Very hard 0
0-1,03 Hard 18, 19, 20, 22, 23 5
-1,03-0 Easy 21,24, 25 3
<-1,03 Very easy 0
Sum of question 8

The test instrument for higher order thinking skills on Newton's Law of motion
which consists of 24 questions and is divided into types of reasoned plural choice

Jurnal Pembelajaran Fisika (JPF) — Pendidikan Fisika, FKIP, Universitas Lampung



136 Nurulsari, et.al. / vol 9 (2), 2021, 129-141

questions, cause and effect, and reasoned matchmaking was tested on 53 students of
class X IPA MAN 1 Tangerang. The scores obtained by students from the test results
are then processed into values that can be seen in detail in Appendix 9. These values are
then sorted and information about the level of students' higher-order thinking skills will
be obtained as in Table 9.

Table 9. Level of Students' Higher Order Thinking Ability

Value Category Sum of students  Persentase (%)
100-76 Very good 22 41,5%
18,86 %
75-51 Good 10 32,1 %
7,55 %
50-26 Enough 17 100 %
25-1 Not enough 4
Sum 53

(Lewi & Aisyah, 2009)

A test instrument for higher order thinking skills on Newton's Law of motion has
been developed for high school students. The test instrument developed has the
characteristics of higher order thinking, where the test instrument uses information,
pictures, graphs, or data to solve problems, describe information in detail, relate one
concept to another, and look for links from different information. This development
research uses questions of the type of reasoned plural choice, reasoned cause and effect,
and multiple responses which are analyzed using the Rasch Model. Previous
development studies have used several types of questions, such as a combination of
description and multiple choice (Sinaga, 2018), multiple choice (Wibowo & Cholifah,
2018), a combination of multiple choice and constructed response test or multiple
choice reasoned (Ku, 2009). . The type of multiple choice questions is often used
because measurements related to objectivity will be easier in data collection and data
management. However, the type of multiple choice questions is not good, because it
cannot reveal the ability of students to reason, give reasons, and synthesize problems
(Putri, Istiyono, & Nurcahyanto, 2016). Each question has its own advantages and
disadvantages.

There are also very few previous studies that have developed instruments using
the Rasch Model. The developed questions can be measured using the Rasch Model
because they have met the objective measurement. Objective measurement produces
data that is free from the influence of the type of subject, the characteristics of the
assessor and the characteristics of the measuring instrument. The estimation and
calibration techniques used in the modeling have eliminated the influence of these three
factors.

The use of the Rasch Model has been used in research (Nirwana, Rochman, &
Zukmadini, 2019) which has the advantage of being able to determine the validity of the
reliability of an instrument of various types, the level of difficulty per question, and the
question characteristic curve. The questions contained in the developed test instrument
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display contextual stimuli in everyday life, but still relate to the concepts being studied.
This is in line with Fanani's opinion (2018) which says that in the context of higher-
order thinking, the stimulus presented should be contextual and interesting. Contextual
and interesting stimuli are useful for attracting students' attention to read the stimulus to
completion.

The question indicators on this test instrument were developed from KD 3.7 in
the revised 2013 curriculum which refers to the higher-order thinking indicators of
Bloom's taxonomy which have been revised by Anderson & Krathwohl. Based on
Bloom's taxonomy which has been revised, higher order thinking skills involve aspects
of analyzing (C4), evaluating (C5) and creating (C6) (Anderson & Krathwohl, 2001).
Question indicators on the test instrument developed using three cognitive levels,
namely analyzing, evaluating, and creating; and four categories of knowledge
dimensions, namely factual, conceptual, procedural, and metacognitive as shown in
Table 10.

Table 10. Developed Higher Order Thinking Indicators
Cognitive  Knowledge Question

Level Dimension Number Type Question sum
2 Reasonable multiple 1
choice
9&10 Reasonable cause and 2
Conceptual
effect
17, 18, 19, Reasonable multiple 4
C4
& 20 response
1 Reasonable multiple 1
Factual choice
11&12 Reasonable cause and 2
effect
5 Reasonable multiple 1
Conceptual choice
P 22 Reasonable multiple 1
response
5 Factual 13 &14 Reasonable cause and 2
effect
2&4 Reasonable multiple 2
. choice
Metacognitive 21 Reasonable multiple 1
response
6,7,&8 Reasonable multiple 3
choice
15& 16 Reasonable cause and 2
Conceptual
c6 effect
23 Reasonable multiple 1
response b
24 Reasonable multiple 1
Factual
response
Sum 24
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The specifications of the high-level thinking ability test instrument for high
school students on Newton's Law of motion, namely: (1) the test instrument developed
refers to the indicators of higher-order thinking skills according to Anderson &
Krathwohl (2001) covering questions with analyzing, evaluating, and creating skills. ;
(2) the purpose of developing a higher-order thinking test instrument on Newton's Law
of motion is to produce a product that can measure and train students' higher-order
thinking skills in physics learning, and can be used by teachers as a student evaluation
tool on Newton's Law of motion; (3) operational verbs in the indicator questions
developed include C4 (analyze, differentiate, and find), C5 (connect, examine, and
assess), and C6 (make); (4) the test instrument consists of 24 items which are divided
into 8 items of reasoned plural choice questions, 8 types of cause and effect questions,
and 8 reasoned matching questions; (5) the processing time for 25 items of the higher-
order thinking ability test instrument is 60 minutes.

The high-order thinking ability test instrument on Newton's Law of motion
material developed has met the standards for assessment, because the test instrument
has good validity and reliability, where the questions contained are questions that
describe real phenomena in everyday life but still relate to the physics concepts that
have been studied by students. This is in accordance with the opinion of Nuswowati, et
al (2010) that a test can be said to be good as a measuring tool if it meets the
requirements of a good test, including valid and reliable. The test instrument has been
developed and has been validated by two expert lecturers and 1 expert teacher which
was then tested on 53 students of class X IPA MAN 2 Tangerang. Furthermore, the test
data were analyzed to obtain information about the validity, reliability, level of
difficulty of the questions, and the level of students' higher-order thinking skills.

CONCLUSION

The test instrument for higher order thinking skills on Newton's Law of motion
material that uses information, pictures, graphs, or data to solve problems, describes
detailed information, relates one concept to another, and looks for connections from
different information can train thinking skills high level of students. The items on the
higher-order thinking ability test instrument developed have different levels of
difficulty, including 1 very difficult question, 13 difficult questions, 9 easy questions,
and 1 very easy question.
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