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Abstract 

Currently, 21st-century skills are needed by students, especially Higher Order Thinking Skills (HOTS), to meet 

the needs of the rapidly growing world of work. It is necessary to provide debriefing during learning activities 

to meet these needs. Besides that, a quality instrument is needed to measure the skills of each student, the more 

information that the instrument can provide shows that the instrument is getting better. This study aimed to 

determine the characteristics of the Higher Order Thinking Skills test on momentum and impulse consisting of 

validity, reliability, difficulty level, and discrimination index based on item response theory analysis. The 

method used in this research is a descriptive method with a quantitative approach and a One-Shot Design 

research design. The population was second-year senior high school students in Bandung. Meanwhile, the 

sample of this study consisted of 122 second-year senior high school students who were selected using a 

purposive sampling technique. The instrument used was the Higher Order Thinking Skills test on momentum 

and impulse. Based on the result, 16 items were categorized as valid. Besides, the reliability of the test 

instrument was good. For the level of difficulty, an item was categorized as very difficult, an item was difficult, 

twelve items were medium, three items were easy, and an item was very easy. Lastly, for the discrimination 

index, thirteen items were considered good, and five items did not classify as good.  

Keywords: Higher Order Thinking Skills; Item Response Theory; Momentum Impulse; Techniques of testing; 

Theory of testing and techniques. 

 

Analisis Karakteristik Tes Higher Order Thinking Skills (HOTS) pada Materi Momentum dan Impuls 

Bagi Siswa Sekolah Menengah Atas Menggunakan Teori Respon Butir 

 

Abstrak 

Keterampilan abad 21 sangat dibutuhkan oleh para pelajar khususnya keterampilan berpikir tingkat tinggi 

(HOTS) untuk memenuhi kebutuhan dunia kerja yang semakin berkembang pesat. Dalam memenuhi kebutuhan 

tersebut, perlu adanya pembekalan yang diberikan selama kegiatan pembelajaran. Selain itu, diperlukan juga 

sebuah instrument yang berkualitas dan mampu mengukur keterampilan dari setiap peserta didik, di mana 

semakin banyak informasi yang dapat diberikan oleh instrument menunjukan bahwa instumen tersebut 

semakin baik. Penelitian ini bertujuan untuk mengetahui karakteristik tes Higher Order Thinking Skills pada 

materi momentum dan impuls yang terdiri dari validitas, reliabilitas, taraf kesukaran, dan daya pembeda 

berdasarkan analisis teori respon butir. Metode penelitian yang digunakan adalah deskriptif dengan 

pendekatan kuantitaif dan desain penelitian One-Shot Design. Populasi penelitian adalah seluruh peserta 

didik kelas XI di salah satu sekolah menegah atas di Kota Bandung. Sampel penelitian ini terdiri dari 122 

peserta didik kelas XI yang dipilih menggunakan teknik purposive sampling. Instrumen yang digunakan adalah 

tes Higher Order Thinking Skills pada materi momentum dan impuls. Berdasarkan hasil analisis, 16 butir soal 

dinyatakan valid. Reliabilitas instumen tes termasuk kategori bagus. Untuk taraf kesukaran, satu soal 

dikatakan sangat sukar, satu soal dikatakan sukar, dua belas soal termasuk kategori sedang, tiga soal termasuk 

mudah, dan satu soal termasuk sangat mudah. Untuk daya pembeda, tiga belas soal termasuk kategori baik 

dan lima soal tidak memenuhi kategori baik. 

Kata Kunci: Higher Order Thinking Skills; Teori Respon Butir; Momentum Impuls; Teknik Pengujian; Teori 

dan Teknik Pengujian. 
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I. INTRODUCTION 

Currently, learning is expected to practice 

and facilitate students to have 21st-century skills 

such as communication, collaboration, critical 

thinking, problem-solving, and creativity [1]. 

This is closely related to thinking skills 

differentiated by Anderson & Krathwohl in the 

revised Bloom's Taxonomy. On the taxonomy, 

thinking skill was differentiated into Higher 

Order Thinking Skill (HOTS) and Lower Order 

Thinking Skill (LOTS). LOTS involved 

remembering, understanding, and applying. 

Meanwhile, HOTS involves analyzing, 

synthesizing, evaluating, and creating [2].  

The skill that the student must achieve is 

not only LOTS but also includes HOTS because 

it is a sequential learning process. The student is 

said to be skilled at HOTS only if the student can 

analyze, evaluate, and create. HOTS has become 

very important to be managed by students to 

improve their competence in facing the 

globalization era, advances in ICT, the 

convergence of science and technology as an 

impact of technoscience, and the rise of the 

creative industry in the future [3]. 

HOTS in a person can be measured by an 

assessment process [4]. The assessment process 

certainly requires a medium that can measure the 

skills and competencies of the object of research, 

one of which is through a test. The test intends to 

measure the achievement of abilities or skills in 

a certain competency and produce quantitative 

data [5]. In Indonesia, the average physics 

national exam score designed to demand HOTS 

is still low, comprising 44.22 in 2018 and 46.35 

in 2019 [6]. This number is relatively low when 

compared to other countries. Indonesian students’ 

average score on the Program for International 

Student Assessment (PISA) survey in the science 

field ranked 74th out of 79 countries that 

participated in 2018 [7]. 

The test instrument designed to measure 

HOTS is certainly needed by the teacher to 

diagnose students' weaknesses, to differentiate 

between a superior and less superior group of 

students, and to help students understand better 

[8]. However, teachers still find it challenging to 

make a test instrument to measure HOTS. Based 

on research, 50% of Physics teachers who 

compiled the test instrument tended to only 

measure LOTS, and the items were not 

contextual. In addition, 75% of the items 

compiled tended to only measure recall skill [9]. 

Furthermore, the context used in the items are 

mostly in-class contexts and are very theoretical.  

A survey was conducted among high 

school teachers in Bandung. Based on the result, 

14.3% of respondents have never made a HOTS 

test instrument, 28.6% of respondents rarely 

made a HOTS test instrument, and 57.1% of 

respondents used the HOTS test instrument, even 

though only half of the entire items. Some of the 

reasons include the lack of reference to HOTS 

test items, the lack of experience in making 

HOTS test instruments, and many students still 

not used to working on HOTS tests. 

The objectivity of the learning outcome 

assessment depends on the test instrument's 

quality. A multiple-choice test is a test that 

consists of several alternative answers. There is 

only one correct answer, whereas the others are 

false. This test is objective because there is only 

one correct answer [10]. To see the quality of a 

test instrument, an item analysis can be done. An 

item analysis aims to examine each item to obtain 

the quality before use, improve the quality of the 

item through revision or remove the ineffective 

item, and get diagnostic information from 

students [11]. 

In analyzing the test, classical test theory 

(CTT) and modern test theory named item 

response theory (IRT) can be used. Classical 

theory has several weaknesses, such as 1) the test 

item statistics are very dependent on the 

characteristics of the test subject; 2) the 

participant's estimated ability is very dependent 

http://creativecommons.org/licenses/by-nc/4.0/
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on the test presented; 3) the standard error of the 

score estimator applies to all participants so that 

the standard error of measurement for each 

participant and the items does not exist; 4) the 

information presented is limited to true or false 

answers without paying attention to the 

participant's answer pattern; 5) the parallel test 

assumption is difficult to fulfill [12]. Alas, item 

response theory is a theory of item analysis that 

contains improvements on the weaknesses of 

classical theory, especially on the dependence of 

item size on the test participant group and the 

dependence of the participant's characteristic size 

on the item group [13]. 

With the item response theory, the item 

difficulty level and other item characteristics 

remain (invariant) to the test participant group; it 

does not matter which group of participants is 

working on the test [13]. As mentioned, the 

framework of classical test theory (CTT) for test 

assessment has some important limitations. To 

overcome these shortcomings, the item response 

theory (IRT) was introduced [14]. So, it can be 

said that this item response theory complements 

classical test theory (CTT). The item response 

theory does not have a dependency on the 

analysis of the respondent; the item response 

theory also determines the standard error for each 

test item so that each test item has a different 

error value [15]. 

The results of research conducted by 

Rakkapao [14], which examined the function of 

the test to measure the ability of students in 

vector concepts (Test of Understanding of 

Vectors / TUV), found that analysis with item 

response theory could tell that the test was able 

to measure students' understanding from low-

ability students to high-ability students. In other 

words, using item response theory analysis, the 

test has the same characteristics for all 

participants. Item response theory provides a 

relationship between the ability of the respondent 

to answer correctly in a test item, in which 

respondents with high ability will have a greater 

probability of answering correctly when 

compared to respondents with the lower ability.  

Item response theory has various types of 

models, one of which is the logistic parameter 

model (1-PL, 2-PL, 3-PL), where each of these 

parameters describes the character information of 

the item being tested by connecting the test 

taker's estimated ability (Θ) with its probability 

to respond correctly to the given item [16]. In 

determining the most suitable parameter logistic 

model to analyze the character of the item being 

tested, it is necessary to do statistical calculations 

using Chi-Square Statistics [17] or by testing the 

items on each logistic parameter model and 

looking at the total information curve of each 

logistics parameter model. At the end, the most 

suitable model is indicated by the highest total 

information value.  

 

II. METHOD 

The descriptive method with a quantitative 

approach was used in this research. The 

quantitative approach aims to describe or explain 

the occurrence in meaningful numbers [18]. The 

design research used was One-Shot Design. 

According to Arikunto [19], One-Shot Design is 

a research design that uses a one-time data 

collection. This research was carried out from the 

beginning of the year for the preparation and 

testing of instruments. Meanwhile, the data 

collection was carried out in the 9th month of 

2020. 

The population of this study was second-

year students in a high school in Bandung. The 

sample in this study consisted of 122 second-year 

students in a high school in Bandung selected 

using a purposive sampling technique. Purposive 

sampling is a type of nonprobability sampling 

technique that does not provide a similar 

opportunity for each population member to be 

selected as a sample [20].  

The instrument used in this study was a 

HOTS test about momentum and impulses, 

which consists of 18 multiple-choice items. Data 

analysis in this study was carried out using the 

one-parameter logistic (1-PL) item response 

theory known as the Rasch Model to determine 

the validity and reliability of the items. While the 

two-item logistic parameter response theory (2-

PL) is used to determine the level of difficulty 

and discrimination index of the items. 

 

III. RESULTS AND DISCUSSION  

The research was conducted online 

because it was not possible to carry out any face-

to-face activities at school. Google Classroom 

was used as an online class facility, and Google 

Form as an online test facility. The characteristics 

of the HOTS test instrument can be known 

through the test characteristic curve (TCC), 
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where the curve can show the level of difficulty 

and the discrimination index of a test instrument 

by displaying the score obtained by students. In 

this study, the TCC can be seen in Figure 1. 

 

 
Figure 1. Test Characteristic Curve  

 

The test instrument had 18 items in 

multiple choices. Each item has a score of 1, so 

the total score of this test is 18. Based on Figure 

1, it can be seen that students with the ability of  

-3 get a score of 4, which means that students 

with that ability can work on four items of the 18 

items given correctly. Whereas respondents with 

the ability +3 get a score of 16, meaning that 

students with this ability can work on 16 of the 

18 items given correctly. So, the highest score on 

this test is 16 and the lowest score obtained is 4. 

The difficulty level is known through the 

vertical line that crosses the x-axis (student's 

level of ability) on the TCC graph. Because the 

highest score is 16 and the lowest score is 4, the 

midpoint is at point 10. From that point, a line is 

drawn horizontally until it is right on the tangent. 

Then when the horizontal line is at the tangent, 

the line is drawn back vertically. The level of 

difficulty can be seen from the number shown by 

the point on the vertical line test on the x-axis, 

where the b value shown is -0.30, so the level of 

difficulty for the HOTS test instrument is 

classified in the easy category. According to 

Hambleton, the difficulty level criteria can be 

seen in Table 1.  

 
Table 1. Item Difficulty Level Criteria [21] 

Difficulty Level Value (b) Criteria  

b ≤ -2 Very easy 

-2 < b ≤ -1 Easy 

-1 < b ≤ 1 Average 

1 < b ≤ 2 Difficult 

b > 2 Very difficult 

 

The discrimination index (a) is obtained 

from the slope of the curve, which is the value of 

tan α. Based on the TCC, the tan α obtained is 

55°, so the discrimination index obtained in this 
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research instrument is 1.43. According to the 

discrimination index, the whole test instrument 

can be categorized as good because the value is 

between 0 to 2.   

 

Item Validity 

The research data collected from 122 

students were analyzed using the item response 

theory with one logistical parameter (1-PL), 

known as the Rasch Model, to determine the 

validity of each item. According to Sumintono 

and Widhiarso [22], each item should occupy 

three criteria: 

1) Outfit mean square value (MnSq): 0.5 < 

MnSq < 1.5  

2) Outfit Z-Standart value (ZStd): -2.0 < ZStd 

< +2.0 

3) Point measure correlation (PtMeaCorr): 

0.4 < PtMeaCorr < 0.85 

Any item is considered valid if it occupies 

all of those criteria. If an item only occupied two 

of the criteria, the item is categorized as Fit 2 but 

still can be considered valid. If only one criterion 

is occupied, the item is said to be Fit 1 and the 

item is considered invalid. Likewise, if no criteria 

are occupied, the item is included in the misfit 

category or can also be regarded as invalid. With 

the help of the Ministep software, the results 

obtained from the test instrument are shown in 

Table 2. 

Based on Table 2, it can be seen that nine 

items occupied all of the criteria and were 

considered valid, seven items were categorized 

as Fit 2 and still be regarded as valid, and two 

items were categorized as Fit 1 and were 

considered invalid. So, it can be concluded that 

16 of 18 items were considered valid and can be 

used as a measuring instrument. When an item is 

declared invalid, there are two things that the 

researcher can do, the first is if the category of 

validity includes a misfit or the three existing 

criteria are not met, then the question must be 

discarded or replaced, while for other options 

when the item is invalid, and only 1 criterion is 

met (Fit 1), the item may be used on the condition 

that repairs must be made based on 

recommendations from expert validators. While 

instrument users can use the instrument that is 

considered the best, namely the one that has been 

declared valid, the test instrument in this study is 

intended to measure HOTS, which consists of 

analyzing, evaluating, and creating. Analyzing is 

a process of breaking matter down into smaller 

parts and determining the relationships between 

parts and the whole structure. Evaluating is 

defined as the process of making decisions based 

on criteria and standards. Meanwhile, creating is 

the process of arranging elements into a coherent 

or functional system [23]. 

 

Table 2. Item Validity 

Item Outfit MnSq Outfit ZStd PtMeaCorr Category Interpretation 

I17 1.43 2.15 .13 Fit 1 Invalid 

I13 1.42 2.55 .11 Fit 1 Invalid 

I9 1.26 1.94 .26 Fit 2 Valid 

I16 1.23 1.79 .39 Fit 2 Valid 

I12 1.12 .62 .38 Fit 2 Valid 

I15 1.07 .50 .41 Outfit Valid 

I7 1.06 .45 .34 Fit 2 Valid 

I3 1 0 .38 Fit 2 Valid 

I6 .94 -.49 .39 Fit 2 Valid 

I2 .90 -.80 .45 Outfit Valid 

I4 .88 -.73 .41 Outfit Valid 

I14 .93 -.62 .44 Outfit Valid 

I1 .92 -.51 .42 Outfit Valid 

I5 .86 -.51 .38 Outfit Valid 

I8 .84 -1.20 .46 Outfit Valid 

I10 .82 -.89 .45 Outfit Valid 

I18 .69 -1.41 .49 Outfit Valid 

I11 .62 -2.09 .64 Fit 2 Valid 
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Item Reliability 

With the help of Ministep, the 

researchers can obtain Cronbach Alpha value, 

person reliability, and item reliability. The 

Cronbach Alpha value measures the reliability 

of the interaction between the person (students) 

and the item (test item) as a whole [24]. 

Before categorizing the Cronbach Alpha value, 

person reliability, and item reliability, we need 

to consider the criteria of each reliability value. 

The reliability value of the instruments can be 

seen in Figure 2. Meanwhile, the Cronbach 

Alpha value, person reliability, and item 

reliability are grouped into categories that can 

be seen in Tables 3 and 4. 

 

 

        Figure 2. Test Instrument Reliability  

 

Table 3. Person dan Item Reliability Category 

Correlation (r) Category 

0.94 < r Excellent 

0.91 < r ≤ 0.94 Very Good 

0.81 < r ≤ 0.91 Good 

0.67 < r ≤ 0.81 Moderate 

r ≤ 0.67 Poor 

 

 

Table 4. Cronbach Alpha Category 

Correlation (r) Category 

0.80 < r Very Good 

0.70 < r ≤ 0.80 Good 

0.60 < r ≤ 0.70 Acceptable 

0.50 < r ≤ 0.60 Poor 

r ≤ 0.50 Unacceptable 
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From Figure 2, the Cronbach alpha 

value is 0.66. According to Sumintono and 

Widhiarso's criteria, this value is interpreted 

as acceptable. In addition, the person's 

reliability value is 0.65. This shows that the 

reliability of the research sample is included 

in the poor category. In contrast, the item 

reliability is 0.88, which means that the 

reliability of this item test is good. 

Reliability relates to the determination 

of test results. Reliability is a coefficient that 

shows the level of consistency of the 

measurement results of a test [25]. A test 

instrument can be considered good if it can 

consistently provide data that is under reality. 

A test may be reliable but may not be valid. 

So, it can be concluded that the test instrument 

in this study can provide steady results [26].  

 

Item Difficulty Level 

The item difficulty level indicates the 

extent to which the items are easy or difficult 

for students [27]. The difficulty level of each 

item was obtained using the two-parameter 

logistic response theory (2-PL) with the help 

of IRTPro for Student software. The item 

difficulty level in IRTPro software is called 

the threshold parameter (b) and is one of the 

useful parameters in analyzing a test because 

we can find out how good each item is in a test. 

The criteria for categorizing the item 

difficulty level can be seen in Table 5. 

Based on the processed data, there is 

one item that was categorized as very difficult, 

which is number 18 with a b value of 10.32. 

Item number 5 with b value = 1.86 is included 

in the difficult category. Besides, some items 

have a very small b value, so they are included 

in the very easy category, such as item number 

10 with a b value = -10.56  and item numbers 

1, 4, and 7 with a b value of -1.84, -1.31, and 

-1.08 respectively. Meanwhile, the remaining 

12 items are categorized as moderate. It can 

be concluded that most items are in the 

moderate category. A good item is one that is 

neither too easy nor too difficult [26]. Item 

level difficulty can be seen in Table 5. 

 

Table 5. Item Level Difficulty 

Item Level Difficulty Interpretation 

1 -1.84 Easy 

2 -0.43 Average 

3 -0.46 Average 

4 -1.31 Easy 

5 1.86 Difficult 

6 -0.64 Average 

7 -1.08 Easy 

8 -0.66 Average 

9 -0.50 Average 

10 -10.56 Very Easy 

11 -0.16 Average 

12 -0.25 Average 

13 -0.40 Average 

14 -0.47 Average 

15 -0.21 Average 

16 -0.56 Average 

17 -0.44 Average 

18 10.32 Very Difficult 

 

Item Discrimination Index 

Item discrimination index was obtained 

by two-parameter (2-PL) logistic Item 

Response Theory. With the help of IRTPro for 

Student software, the item discrimination 

index can be obtained from the table and item 

characteristic curves (ICC), where each graph 

for each item shows different results. The item 

discrimination index can be seen in Table 6.  

Based on Table 6, it can be seen that the 

item discrimination index for each item is 

varied. Out of 18 items tested, the item 

discrimination index ranged from -0.27 to 

3.12, and some of the items had a poor 

discrimination index.  
 

 

 

 

 

 



Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 2021; 11(2): 127-137 

Aulia Rahman, et al   134 

Table 6. Item Discrimination Index 

Item 
Discrimination 

Index 
Interpretation 

1 0.27 Good 

2 1.15 Good 

3 1.08 Good 

4 0.38 Good 

5 -0.27 Poor 

6 0.78 Good 

7 0.46 Good 

8 0.76 Good 

9 0.99 Good 

10 0.05 Good 

11 3.12 Poor 

12 2.03 Poor 

13 1.25 Good 

14 1.06 Good 

15 2.37 Poor 

16 0.90 Good 

17 1.14 Good 

18 -0.05 Poor 

 

The discrimination index value (a) can 

be seen from the curve slope [29]. Based on 

Figures 3 and 4, item number 4 has a slower 

curve than item number 12. The greater the 

curve's degree of slope, the greater the 

discrimination index value of an item [30]. It 

means that item number 4 has a greater 

discrimination index value because the 

probability of students answering correctly 

has a wider range of ability than item number 

12, which has the same probability but a 

smaller range of ability.  

Items that can be answered correctly by 

students in the superior or less superior groups 

have a poor discrimination index. Likewise, if 

students in the superior or less superior groups 

cannot answer the question items correctly, 

then these items have a poor discrimination 

index. Nonetheless, good items are items that 

can be answered correctly by the superior 

group of students only [26]. 

 

 

 

Figure 3. Item characteristic curves number 4 (good discrimination index) 
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Figure 4. Item characteristic curves number 12 (poor discrimination index) 

 

The scope of this research is limited to 

learning physics in the case study of 

Momentum and Impulse at the high school 

level. Therefore, researchers in the field of 

education must conduct further research with 

different materials and levels of education 

(classes) to detect students' higher-order 

thinking abilities. 

Several recommendations from the 

author can be made to improve this research 

in the future so that this research can be more 

useful and can also be a reference for further 

research. Higher Order Thinking Skills 

(HOTS) instruments on momentum and 

impulse materials that were made in such a 

way in this study could be tested and 

distributed more widely to students who have 

studied momentum and impulse materials. In 

addition, as a recommendation for the future, 

it is hoped that more research samples will be 

sought, and samples shall come from various 

different schools. 

This research can be used as a reference 

by educators or teachers in an effort to train 

students to get used to and have higher-order 

thinking skills. In addition, it can also be used 

as an evaluation material for students, which 

aims to obtain information about the higher-

order thinking skills possessed by each 

student. At last, this research can also be used 

as a reference in developing assessment 

instruments. 

 

IV. CONCLUSION 

Based on the validity analysis, 16 of 18 

items were considered valid and could be used 

to measure HOTS. Based on the reliability test, 

this test instrument is included in the good 

criteria. In other words, this test can be used 

to measure consistently. The level of difficulty 

of this test instrument varies: an item was 

considered as very difficult, an item was 

considered as difficult, three items were 

considered as easy, an item was considered as 

very easy, and 12 items were considered as 

medium or moderate. Based on its item 

discrimination index, 13 items have a good 

discrimination index so that these items can 

differentiate students from the superior and 

less superior groups of students well, then the 

remaining five items have a poor 

discrimination index. The High Order 

Thinking Skills (HOTS) test instrument on 

momentum and impulse material made in 

such a way in this study can be tested and 

distributed more widely to students who have 

studied momentum and impulse material. 
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