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Abstract 
  

This research aims to develop a valid and practical Higher Order Thinking Skills (HOTS)-
based instrument that is used to measure or train students' critical thinking abilities. The 
research uses the Bord and Gall model research and development (R&D) method.  The research 
instruments are validation sheets (validation sheets from instrument experts and evaluation 
experts), questionnaires (teacher responses), and tests (effectiveness). The Second grade students 
(Class XI MIPA) of senior high school SMA Gajah Mada as subjects. Testing was carried out 
on student and biology teachers as respondents for the practicality of the module using student 
and biology teacher response questionnaire sheets. Based on the results of material expert 
validation, it was found that the expert validator's evaluation demonstrated the validity of the 
instrument by classifying it as appropriate for use based on an analysis of the material, 
construction, and linguistic aspects. This instrument also meets the reliability criteria. Multiple 
choice questions have a medium level of difficulty, good discriminating power 
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INTRODUCTION   

High-level thinking skills are an important aspect of education                                      

(Karim & Marzita, 2019). This ability is very important in the educational process 

because it can influence students' abilities (Ramdiah et al., 2019). HOTS does not 

only think about remembering and applying, but also high-level thinking skills 

including aspects of critical, logical, reflective, metacognitive and creative thinking 

abilities (Amin et al., 2018). In line with Hamdi et al., (2018) HOTS includes critical, 
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creative thinking and problem solving. HOTS also requires students to reach possible 

answers in new situations (Arafah et al., 2017).  There are several skills that 

individuals must have in the current era. One of these skills is the ability to think 

critically in problem solving. The 21st century is characterized by rapidly developing 

science and technology. Facione (2011) believes that a person's critical thinking 

ability is very influential for their future life. So that when someone is able to make 

decisions using critical thinking, they can make wise decisions in their life. Therefore, 

in the 21st century, every individual is able to think critically, solve problems and use 

technology as well and wisely as possible. 

Based on research results Putriningtyas et al., (2022) which stated that 

Indonesian students' critical thinking abilities in 2015 submitted level 61st out of 63 

command on value of 403 points (Saputra et al., 2019). Rofi'uddin & Zuhdi (2000) 

further stated that the critical thinking skills of students graduating from primary to 

tertiary education are still relatively low because thinking education has not been 

handled well. Therefore, it is very important to integrate critical thinking skills into 

every subject, including biology learning.  

Critical thinking abilities consist of two components, namely cognitive skills 

and critical thinking tendencies. Critical thinking will be easier to achieve if someone 

has the tendencies and abilities that are considered characteristics of critical thinkers 

(Safitri et al., 2020). The tendency to think critically can be the difference between 

someone who has competence in critical thinking and someone who only has the 

cognitive skills to think critically (Facione, 2011).  The lack of analytical skills is 

based on several things, such as students often memorizing topics and formulas so 

they don't understand the topic.  This case is the same as the findings of                        

Sianturi et al., (2018) explaining that the lack of student response and the tendency to 

memorize rather than understand concepts as a result, students' analytical skills are 

not yet capable. The active role of students is still lacking, shown by the small 

number of students questions and giving opinions. Proven on a number of students 

and forward input. students have this teacher without analyzing, criticizing, 

evaluating what the teacher conveys. 

Students in their first year tend not to have the confidence to answer 

questions and do not have the courage to ask when experiencing difficulties. 

Therefore, students' critical thinking tendencies in the first year are lower                    

(Agustanti, 2012). Syahfitri et al., (2019) in their research also revealed that it is 

possible that students in the first semester of their studies still tend to be afraid to ask 

questions, are awkward about exploring the knowledge they have, and are not sure 

about the right decisions to make. This can also be related to the large number of 

references, readings and students' knowledge in applying them to solve a problem. So 

the higher a person's strata is in line with the amount of knowledge information 

obtained, so that with his ability to think correctly based on the knowledge he has, it 

will be processed appropriately and creatively to produce logical conclusions 

(Syahfitri et al., 2019). To support critical thinking skills, teachers must design and 

choose learning models that can increase students' thinking activities, make students 

accustomed to solving problems and can develop their critical thinking abilities 

(Heong et al., 2012). This means that educators carry out essential obligations during 
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instruction. Educators are required to be creative, innovative, and not flashy during 

instruction. In reality, instructional educators display conventional learning. Apart 

from that, teaching staff must be able to see the problems that students have. Not 

only creative, reliable in teaching, but student skills are really needed to create a 

sense of self-confidence in students, therefore educators can have an impact on 

learning. Educators can create active classes, not only focused on educators but on 

students (Wafi & Arif, 2020). However, it is still not optimal because they have not 

thought much about evaluation, which is an important component in learning, which 

is supported by data that teachers are generally not used to using learning evaluation 

tools that can train students to think critically. 

The second grade (Class XI biology subject matter) which requires a 

minimum KD in analyzing is KD 3.5 and 4.5. The minimum demands for analysis 

are listed in the human movement system material. In this material, students are able 

to analyze and solve problems because they relate to the mechanisms of life. The 

movement system is related to the mechanisms in the bodies of living things that 

produce movement, one of which is to move places, making this system easy for 

students to observe if problems or functional disorders occur. Its contextual 

nature/everyday problems can shape students' thinking patterns. Movement system 

material that is directly related to students makes this material capable of developing 

knowledge, so it is suitable to be developed to familiarize students with higher level 

thinking (Nirwana et al., 2020).  

Apart from that, there are no HOTS questions that measure indicators, there 

are still a few questions that have been tested as valid and reliable in the movement 

system material, making this research necessary to carry out. Thus, innovation is 

needed to create instruments based on HOTS to train high school students' critical 

thinking skills on movement systems material. Learning characteristics are able to 

require students to reason and analyze (Saptono et al., 2013). 

Several analysis has been carried out that discuss the development of HOTS 

instruments and assessment of students' critical thinking components, including 

research by Afrita & Darussyamsu (2020) which discusses high-level thinking skills 

involving high cognitive levels from Bloom's taxonomy, namely C4-C6. In order to 

improve students' high-level thinking abilities, an assessment instrument in the form 

of multiple choices was developed. Valid criteria are obtained from descriptive 

statistical analysis to analyze data from the results of validation questionnaires filled 

in by validators (Marwiyah et al., 2018). This shows that the instrument for assessing 

high-level thinking abilities in this study was validly developed in terms of aspects of 

material, construction, language and cognitive level. The assessment instrument is at 

the level of high-level thinking abilities, which identifies this tool can be used to test 

students' high-level reasoning skills. Then further research discussing the advance of 

the HOTS instrument and assessment of students' critical thinking components has 

been carried out, including research by Marada et al., (2021) as for the topic of host 

evaluation.  

The validity of the assessment and feasibility by expert lecturers and fellow 

teachers shows that the questions developed are worthy of being tested. Testing of 

the questions is carried out by students. The literature study stage comes from 
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development model theory, HOTS, critical thinking, Bloom's taxonomy, all of which 

are included in theoretical studies. From the initial acquisition at the location, the 

reason why students cannot achieve the standard score for passing the national exam 

is because most teachers do not implement HOTS questions during evaluation, 

resulting in minimal understanding of students about HOTS-based questions. 

Teachers often give evaluation questions at knowledge levels C1, C2, C3. This 

problem is the benchmark for researchers in developing Higher Order Thinking Skills 

(HOTS) based questions. No previous research had discussed movement systems, 

thus encouraging researchers to discuss the development of instruments based on 

Higher Order Thinking Skills (HOTS) to train high school students' critical thinking 

skills on movement system material. 

Based on the background explanation presented, the problem formulation 

that can be studied in this research is how the HOTS instrument trains students' 

critical thinking skills in motion systems material. Therefore, the aim of this research 

is to develop a valid and practical (HOTS) based instrument that is used to measure 

or train students' critical thinking abilities. Furthermore, the expected benefit of this 

research for learners is that it can provide an enjoyable learning experience so that it 

can train learner critical thinking skills using instruments Higher Order Thinking 

Skills (HOTS). 

 

METHOD  

Research & Development is the methodology employed in this study. The 

media created is an instrument based on HOST, HOST scoring media such as test 

questions in the form of multiple choices and essays, in this research it was changed 

by adapting Borg & Gall (1983) development model into five development steps 

namely: 1) requires preliminary information gathering and analysis, 2) Organizing 

and creating the evaluation tools (Instruments of assessment), 3) early expert testing 

of the product, 4) evaluation and 5) implementation. Research and information 

gathering are conducted using pertinent theoretical research as a basis. Validation of 

HOTS-based instruments is carried out to evaluate the validity of HOTS-based 

instruments. Validation is carried out at the initial product development stage by two 

validations, namely instrument expert validation and evaluation expert. To test the 

feasibility of the HOTS assessment instrument in biology learning on movement 

system material, it was first validated by an instrument expert, then revised in stage 

one. The revised product is then validated by the teacher, then the second stage of 

revision is carried out. 

Sample or Participant 

This research was conducted at Gajah Mada High School especially on 

second grade (class XI MIPA) which consists of 3 classes. The product was tested on 

20 student in class XI MIPA 1 and 30 student in class XI MIPA 2 and 20 XI MIPA 3 

so that the total sample for testing was 50 student. 

Instrument 

The research instrument used is an instrument that has passed the theoretical 

validation stage with the research supervisor. The research instruments are validation 
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attachments (assessment by instrument experts and evaluation experts. questionnaire 

(educator responses) and analysis tests, reliability. The measurement scale for each 

indicator on the validation sheet is measured using a Likert scale with a score of 1-4. 

Data collection 

The data collection instrument consists of: 1) Test instrument, 15 questions in a 

multiple-choice test with five possible answers that refer to markers of advanced 

cognitive skills (level thinking abilities), 2) Validation sheet, conducted by two 

experts validator: an instrument expert for test instrument validation and an 

evaluation expert for HOTS assessment validation. Furthermore, The biology teacher 

conducted validation in order to ascertain the teacher's responsiveness and 

practicality as an educator in the classroom. 

Procedure 

Research and development sources following the steps of this research were 

developed in several stages, namely Potential and Problems, Literature Study and 

Collection, Design Validation, Revision I, Limited Trial, Revision II, and Extensive 

Trial. Based on several stages of research development, we can describe the steps of 

level 4 research and development (creating new, tested products) which have been 

modified, namely the first is potential and problems, this stage is to find out the 

potential and problems that exist in the field through observation. Both literature 

studies and information collection, information collection comes from the results of 

initial observations in the field which are supported by literature. Third, product 

design/design, at this stage, design the product by following the steps for preparing 

questions in the 2013 Curriculum guidelines. Fourth, validation, the next step for the 

product is to test whether the product being developed is valid or not. The purpose of 

validation is to determine the level of appropriateness of Higher Order Thinking 

Skills (HOTS) based questions.  

The five design/design revisions are based on suggestions, opinions, comments 

from the results of expert assessments of the product design, then the product is 

improved so that it can be used. Sixth, namely product creation, at this stage the 

researcher creates a product according to the steps for Higher Order Thinking Skills 

(HOTS) questions, namely creating a question grid, creating questions and creating a 

rubric or assessment score. The seventh limited trial, limited field testing is carried 

out by using the product design in real conditions. The test plan is carried out once. 

And the last one is product revision, at this stage the results of limited testing do not 

meet the expected specifications, so there needs to be a revision of the product. The 

results of the revision are used to improve the Higher Order Thinking Skills (HOTS) 

question item product. 

Data analysis 

Data analysis was carried out from two methods of analysis, namely 

qualitative data on evaluation instrument values and quantitative data analysis of 

HOTS test questions. From the qualitative data analysis, The evaluation 

questionnaire's usefulness is determined by the findings from three different 
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perspectives: linguistic, construction, and material. Valid test questions are used from 

expert assessments, namely 1 expert lecturer and 1 Biology teacher.  There are 

several examples of HOST questions that have been validated by the validator, 

namely, (1) Jurisprudence had an accident so that the bones were cracked or broken. 

However, the position of the fracture has not shifted from its initial position and does 

not injure the surrounding muscles. The disorder experienced by this person is 

categorized as... a) Simple fracture b) Partial fracture c) Complex fracture d) Multiple 

fracture e) Complete fracture; (2) Osteosarcoma is a type of bone cancer. This type of 

cancer attacks many teenagers and adults of productive age. Bone cancer treatment is 

generally carried out by surgery to remove the tumor completely. One of the 

technologies used in treating bone cancer is Limb ablation. What is the mechanism 

for treating osteosarcoma with limbablation? a) Connecting the bones of patients 

affected by tumors with bones taken from patients who have died. b) Removal of 

bone cancer cells with radiation. c) Amputating bones that have been affected by 

cancer and cannot be saved anymore. d) Dissect bone tissue and remove cancer cells. 

e) Curing cancer through chemotherapy; (3)  Below are the compounds that play a 

role in the muscle contraction mechanism: O: acetylcholine, P: excitatory, Q: actin 

and myosin, R: actomyosin, S: energy from ATP. The correct sequence of muscle 

contraction mechanisms is... a)P→ Q → S → O → R; b)P → O → Q → S → R c); P 

→ Q → O → S → R; d)R → S → O → Q → P; e) S → O → P → Q → R.  

 From this example question, the value given to each validation value item is: 

1 as "not correct" category, 2 as "less legitimate" category, 3 as "fairly correct" 

category, 4 as "correct" category, and 5 "very correct" category. The Aiken's V 

calculation formula is used to analyze HOTS test questions. 

When evaluating HOST test questions quantitatively, information gleaned 

from student answers is examined using Microsoft Excel. The evaluation is carried 

out to see the characteristics of the HOST question items including 4 characteristics, 

The first step is to use the point-by-point correlation formula to assess the test's 

validity, as long as the computation results are compared with computations at a 5% 

significance level. The item is correct if the calculation is greater than or equal to the 

calculation; if the calculation is less than the calculation, the item is incorrect. The 

second is a reliability test that use the KR-20 formula due to the binary of question 

scores (0 and 1). To ascertain whether the coefficient interval value is ≥ 0.7 in order 

to determine the reliability criteria. Third is the difficulty level test, It is necessary to 

analyze the test questions' degree of difficulty in order to determine which ones 

belong into the easy, medium, and difficult categories. The formula used to calculate 

the level of difficulty of the questions is: P=NP/N, utilizing the following criteria: 

0.71-1.00 as "too easy" criteria, 0.31-0.70 as "medium" criteria, and 0.00-0.30 as "too 

difficult" criteria (Kuswana, 2011).  

Lastly, distinguishing power, differentiating power is the test's ability to 

differentiate between students who have high abilities and students who have low 

abilities. The strength index of different items uses the formula DP=BA/JA-BB/JB. 

If the discrimination index is known, then the figure is interpreted according to the 

criteria: value of 0.00-0.20 as bad criteria, 0.21-0.40 as fair criteria, 0.41-0.70 as good 

criteria and 0.71-1.00 as very good criteria (Kuswana, 2011). 
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     Table 1. Likert Scale Assessment Guidelines (Sugiyono, 2015) 

Assessment criteria Score 

Strongly agree 4 

Agree 3 

Don't agree 2 

Strongly disagree 1 

 

Based on research by Ikhwani & Kuntjoro (2021), explains the formula 1 

used for the percentage of product success as follows, 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡𝑎𝑠𝑒 (% ) =
𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒
  ×  100 % 

 

Analysis of the question instrument's usefulness can be demonstrated in the 

teacher's feedback about how the learning phases are implemented (see in Table 2). 

Practicality evaluation is carried out by processing data obtained from student 

response questionnaires. HOST media is stated to have a sufficient level of 

practicality, namely above 61% (Sugiyono, 2015). 

 

     Table 2. Practicality Criteria (Sugiyono, 2015) 

Score ranking Criteria 

  81%-100% Very practical 

61%-80% Practical 

41%-60% Quite practical 

21%-40%    Very impractical 

 

 

RESULT AND DISCUSSION 

Development result 

From the results of research that has been carried out regarding the 

development of instruments based on Higher Order Thinking Skills (HOTS) to train 

high school students' critical thinking skills on valid and reliable movement system 

material. This is also in accordance with Saputra (2020) that The development of 

critical thinking abilities is crucial for students' academic and social success, and this 

can be achieved through a teaching methodology that fosters critical thinking.  

The HOTS-based instrument developed has gone went through two scoring 

processes. First scoring is used to see validity the  HOTS-based instrument which was 

carried out by a biology education expert. The second stage of assessment was a field 

trial involving 50 students from 2 classes, namely XI MIPA 2 and XI MIPA 3, short 

scoring on special of the HOTS test items. The process carried out in this 

development includes preparing HOTS test question products. The designed HOTS 

test questions are assessed by expert validators, revised and then an initial HOTS test 

question product is obtained which is ready to be used as limited trial material. 

According to Saraswati & Agustika (2020); Yuliana et al., (2024) The HOST test has 

4 indicators such as the ability to solve problems, the ability to make decisions, the 
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ability to think analytically, and the ability to think creatively In line with                  

Salirawati et al., (2017) states that the Higher Order Thinking Skills (HOTS) 

questions that are developed must have the characteristics of Higher Order Thinking 

Skills (HOTS). The quality of the questions is improved one by one so that the 

questions are high level thinking and the obscens must also be at the Higher Order 

Thinking Skills (HOTS) level. 

Limited test results are considered as evaluation material in order to create 

good HOTS-based test media for use in field tests. After obtaining estimates of the 

reliability coefficient, difficulty level criteria, distinguishing power, and distracting 

alternatives on the field test scores, the media finally got into the HOST question 

questions is obtained which is ready to be used. Aisah & Pahlevi (2020);                             

Desilva et al., (2020); Rizal & Wulandari (2020), Saputro & Supahar (2018) in 

accordance with the research they have conducted who also developed HOTS-based 

assessment instruments in the form of multiple choice questions and using the best 

questions, as well as research conducted by Jannah & Pahlevi (2020);                                             

Sari et al., (2018) who developed a HOTS-based assessment instrument using IT 

applications. 

 

 Product Trial Results 

Evaluation from experts is used to see the first media. This evaluation aims to 

obtain input and improve the media, as well as initial media assessment before it is 

carried out in a limited trial. According to Sugiyono (2009), this stage aims to 

determine the validity of the product being developed from both media and material 

aspects.  

 

Table 1. Results of Expert Validation Analysis of Multiple Choice HOTS Test 
Questions 

Question Item Number Aiken's V coefficient Criteria 

1 1.00 Suitable To Use 
2 0.83 Suitable To Use 
3 0.83 Suitable To Use 
4 1.00 Suitable To Use 
5 0.83 Suitable To Use 

6 1.00 Suitable To Use 
7 1.00 Suitable To Use 
8 0.83 Suitable To Use 
9 1.00 Suitable To Use 
10 0.83 Suitable To Use 
11 0.83 Suitable To Use 
12 0.83 Suitable To Use 
13 1.00 Suitable To Use 
14 0.83 Suitable To Use 
15 0.83 Suitable To Use 

 

Validation activities are carried out by providing an initial product script, 

namely in the form of a question grid and HOTS test questions Sugiyono (2009) 

view, this phase aims to ensure the validity of the media being promoted both in 

terms of media and material. Evaluation activities are carried out by displaying the 
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initial product script, namely in the form of a grid of questions and HOST test 

questions. As well as a validation sheet to the expert validator (Syahfitri, 2019). Next, 

an analysis of the assessment of the HOST test questions are carried out with 

evaluation assessment criteria using the Aiken's V formula to calculate content. 

validity coefficient (Purwadhi, 2019). Analysis of expert validation data acquisition 

can be seen in Table 1. 

Based on the results of the analysis using the Aiken's V formula, the HOTS 

test questions consisting of 15 multiple choice questions were all declared suitable for 

use. However, there were several questions that were improved according to input 

and suggestions from the validator, namely regarding improvements to the 

movement system material, including sentence formulation and indicators that did 

not match the question items. From the results of the investigation using the Aiken's 

V formula, in the HOST 5 essay questions all of the questions were declared correct. 

 

Table 2. Results of Expert Validation Analysis of HOTS Essay Test Questions 

Question Item Number Aiken's V coefficient Kriteria  

1 0.83 Suitable To Use 
2 0.83 Suitable To Use 
3 0.83 Suitable To Use 
4 0.83 Suitable To Use 
5 1.00 Suitable To Use 

 

Limited Product Trial Results 

Item validity  

The results of the trial the resource person found that the time needed to 

work on the HOST test questions, on multiple choice questions and essays, was 

approximately 120 hours needed to work on the questions. Apart from that, through 

interpreting the question evaluation, the level of questions can be determined from 

the characteristics of the questions consisting of validity, reliability, level of difficulty 

and distinguishing power. Based on table 3, the results show that the test is limited, 

the results show that the 12 multiple choice HOTS test questions are included in the 

"Valid" category. Based on table 4, the results show that the limited test results show 

that the multiple choice HOTS test questions are included in the "Valid" category. 

 

Table 3. Summary results of the validity of multiple choice HOTS test questions 

Question number Criteria 

1, 2, 4, 6, 7, 9, 10, 11, 12, 13, 15 Valid 

 

Table 4. Summary results of the validity of the HOTS Essay test questions 

Question number Criteria 

1, 2, 4, 5 Valid 

 

Item reliability 

Testing the reliability of the HOST questions using the KR-20 formula with 

the Microsoft Excel program, the results proved that the reliability of the questions 

was 0.850 and the questions were in the very high reliability category. Obtain the 

reliability of the questions in table 5 and table 6. From table 5, it is obtained that the 
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limited test shows that the multiple choice HOST test questions meet the "Reliable" 

criteria. Based on table 6, the results show that the limited test results show that the 

multiple choice HOTS test questions are included in the "Reliable" category. 

 

Table 5. Summary results of the reliability of multiple choice HOTS test questions 

 Reliability Testing Criteria  

Reference Value Cronbach's Alpha value Conclusion 

0.7 0.850 Reliable 

 

Table 6. Summary results of the reliability of the HOTS Essay test questions 

 Reliability Testing Criteria  

Reference Value Cronbach's Alpha value Conclusion 

0.7 0.780 Reliable 

 

Difficulty 

The level of difficulty of the HOST questions is calculated using the formula 

P=NP/N with the Microsoft Excel program. Prolehan classified 3 questions as 

difficult, 12 questions as medium.in the multiple choice questions while 2 in the 

essay questions are classified as difficult, 3 are classified as medium. The results of 

the difficulty level of the questions are as in Table 7 and Table 8. Referring to 

Sudjana (2017) opinion, there are several basic considerations in determining the 

proportion of the number of questions in the easy, medium and difficult categories. 

The first consideration is that there is balance, namely the same number of questions 

for the three categories. 

3 including medium. The results of the level of difficulty of the questions can 

be seen in tables 7 and 8. In line with the opinion of Sudjana (2017), several studies 

have been conducted by determining the proportion of the number of questions 

classified as light, medium and difficult. The initial assessment is that there is 

balance, that is, the number of questions is the same for all three criteria. Based on 

Table 7, it can be seen that the level of difficulty ranges from the medium category 

for 12 questions (76.67 %). Based on Table 8, it can be seen that the level of difficulty 

ranges from the medium category with 3 questions (86.60 %). 

 

Table 7. Initial Product Difficulty Level Results for Multiple Choice HOTS Test 

Questions 

Category Question Item Number Amount % 

TK < 0.25 (difficult) 4, 11, 15 3 23.33 
0,25 ≤ TK ≤ 0.80 (Medium) 1, 2, 3,5, 6, 7, 8, 9, 10, 12, 13, 14 12 76.67 

TK > 0.80 (Easy) - 0 0 

 

Table 8. Initial Product Difficulty Level Results for HOTS Essay Test Questions 

Category Question Item Number Amount % 

TK < 0.25 (difficult) 2,4 2 13.23 
0,25 ≤ TK ≤ 0.80 (Medium) 1, 3,5 3 86.65 

TK > 0.80 (Easy) - 0 0 
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Differentiating Power 

The differentiating power test regarding HOTS was calculated using the 

Microsoft Excel program. Shown in table 9 and table 10. Based on Table 9, it can be 

seen that the differentiating power ranges from the accepted without revision 

category to 13 questions (83.33%). Items in the good category and accepted without 

revision are immediately used in the main product. Category questions were 

accepted with revisions of 2 questions (16.67%), repair it first before using it on the 

main media.The items in the good category are accepted without revision and those 

that have been revised made like the first product for testing. 

 

Table 9. Initial Product Differentiation Power Results on Multiple Choice HOTS 
Test Questions 

Category Question Item 

Number 

Amount % 

DP  0.40 (Good) - 0 0 

0.30  DP  0.39 
(Accept without revision) 

2, 3, 4, 7, 8, 9, 10, 11, 
12, 13, 14, 15 

13 83.3 

0.20  DP  0.29 (Accept with 
revision) 

1, 5 2 16.67 

DP  0.19 (Replaced/ /completely 
revised) 

- 0 0 

 

Table 10. Initial Product Differentiation Power Results on HOTS Essay Test 
Questions 

Category Question Item 

Number 

Amount % 

DP  0.40 (Good) - 0 0 

0.30  DP  0.39 
(Accept without revision) 

2, 3, 4, 13 79.33 

0.20  DP  0.29 (Accept with 
revision) 

1, 5 2 20.67 

DP  0.19 (Replaced/ /completely 
revised) 

- 0 0 

 

 Based on Table 10, it can be seen that the differentiating power of the essay 

questions ranges from the accepted without revision category to 3 questions                       

(79.33 %). Items in the good category and accepted without revision are immediately 

used in the main product. Category questions were accepted with revisions of 2 

questions (20.67 %), revised first before being used in the main product. The items in 

the good category are accepted without revision and those that have been revised are 

reassembled into the main product of the test questions. 

 

Field Product Test Results 

Field trials were carried out to determine the quality of HOTS test questions 

based on the characteristics of multiple choice HOTS test items developed as a result 

of limited trials. Characteristics of Multiple Choice HOTS Test Items from Field 

Trial Results. 
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Table 11. Summary of the validity of multiple choice HOTS test questions 

Question number Criteria 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 Valid 

 

Table 12. Summary of the validity of the HOTS Essay test questions 

Question number Criteria 

1, 2, 3, 4, 5 Valid 

 

Based on tables 11 and 12, the results show that the limited test shows that 15 

multiple choice HOTS test questions and 5 HOTS essay test questions are included 

in the "Valid" category. 

 

Table 13. Summary of the reliability of multiple choice HOTS test questions 

 Reliability Testing Criteria  

Reference Value Cronbach's Alpha value Conclusion 

0.7 0.905 Reliable 

 

Tabel 14. Summary of the reliability of the HOTS Essay test questions 

 Reliability Testing Criteria  

Reference Value Cronbach's Alpha value Conclusion 

0.7 0.895 Reliable 

 

Based on table 13 and table 14, the results show that the test is limited. The 

results show that the HOTS test questions are multiple choice and the Essay test 

questions are included in the "Reliable" category. 

 

Table 15. Initial Product Difficulty Level Results for Multiple Choice HOTS Test 

Questions 

Category Question Item Number Amount % 

TK < 0.25 (Difficult) - 0 0 
0.25 ≤ TK ≤ 0.80 (Medium) 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15 15 95 

TK > 0.80 (Easy) - 0 0 

 

Table 16. Initial Product Difficulty Level Results for HOTS Essay Test Questions 

Category Question Item Number Amount % 

TK < 0.25 (Difficult) - 0 0 
0.25 ≤ TK ≤ 0.80 (Medium) 1, 2, 3, 4, 5 5 98 

TK > 0.80 (Easy) - 0 0 

 

Based on Table 15, it can be seen that the level of difficulty ranges from the 

medium category for 15 questions (95 %). And table 16 shows that the difficulty level 

of the HOTS Essay test questions is in the medium category with 5 items (98 %). The 

differentiating power of test items is known by looking at the point biser correlation 

coefficient (RPBIS). In general, the differentiating power of multiple choice questions 

can be seen in Tables 17 and 18. 
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Table 17. Initial Product Differentiation Power Results on Multiple Choice HOTS 
Test Questions 

Category Question Item Number Amount % 

DP  0.40 (Good) 8, 15 2 16.67 

0.30  DP  0.39 
(Accept without revision) 

2, 3, 4, 5, 6, 7, 9, 10, 14, 9 63.33 

0.20  DP  0.29 (Accept with 
revision) 

1, 12 2 6.67 

DP  0.19 (Replaced/ 

/completely revised) 

11, 13, 2 13.3 3 

 

Based on Table 8, 11 questions were categorized as good and accepted 

without revision (80 %). Items in the good category and accepted without revision 

are used directly as the final product. Category questions were accepted with revision 

and replacement, as many as 2 questions (20 %) were not used. Items in the good 

category and accepted without revision are reassembled into a final product of 

multiple choice HOTS test questions that are ready to be used. 

 

Table 18. Initial Product Differentiation Power Results on HOTS Essay Test 
Questions 

Category Question Item Number Amount % 

DP  0.40 (Good) 1, 5 2 16.67 

0.30  DP  0.39 
(Accept without revision) 

2, 3, 4 4 83.33 

0.20  DP  0.29 (Accept with 
revision) 

-   

DP  0.19 (Replaced/ 

/completely revised) 

-   

 

Based on the table 18 found that 2 questions were in the good category and 3 

questions were accepted without revision (83 %). Items in the good category and 

accepted without revision are used directly as the final product of the HOTS Essay 

test questions which are ready to be used. 

 

Product Revision 

 Product revisions are carried out the final media results have met the valid 

and reliable criteria. Evaluation carried out based on the results of the HOTS-based 

instrument assessment for each level of media testing. Media revisions in this 

research consisted of: media  revisions resulting from Establishment, product 

revisions resulting from limited trials, and product revisions resulting from field trials. 

From Purchasing improvements after expert scoring, limited and field testing 

the HOTS-based instrument developed underwent several evaluation. Beginning, 

revise the question items from on validator input and suggestions. In general, the 

input and suggestions relate to improvements in sentence formulation and indicators 

that do not match the question items. Second, revise the question items from results 

of limited trials of the initial HOTS test question product. Category questions are 

accepted with revision, revised based on the results of the analysis of the 
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characteristics of the questions. Third, revise the question items based on the results 

of field trials of the main HOTS test questions. Question items that are good and 

accepted without revision are re-verified using the HOTS indicator to see that all 

indicators are represented. The verification results of the question items are 

reassembled into the final product of the HOTS test questions which are ready to be 

used (Afdila & Sartika, 2020). 

 

Final Product Review 

The final media of this development research is a HOTS-based instrument to 

train high school students' critical thinking skills in class XI movement systems 

material in the form of a set of HOTS test questions. Tests are questions that must be 

completed, the form of the questions can be in the form of description questions, 

objective questions, multiple choice questions, matching questions, and short answer 

test questions (Fatimah & Pahlevi, 2020). 

 From results of expert validation, limited trials, field trials, and 

improvements, as well as data analysis carried out, it can be seen that the HOTS test 

questions developed have met the criteria for validity and reliability, and the quality 

of the questions is good. The validity of HOTS-based instruments in the form of 

HOTS test questions is based on predetermined product validation criteria 

developed. Validation was carried out by an expert from an academic lecturer at 

Yogyakarta State University, namely Mr. Ahmad Kamal Sudrajat, on the HOTS test 

question product which met logical validity and was developed to meet the criteria 

for being suitable for use. The reliability of the assessment instrument in the form of 

HOTS test questions is based on the results of the analysis of the main product items 

on the HOTS test questions. 

The reliability coefficient obtained from the results of the analysis of multiple 

choice HOTS test questions is 0.713, while the reliability coefficient for the 

description HOTS test questions is 0.939. This is in accordance with                      

Nurhasanah (2019), an instrument can be said to be reliable if the alpha value is > 

0.600 or in the high category. The quality of the instrument in the form of HOTS test 

questions is based on the results of analyzing the main product items of the HOTS 

test questions, namely analyzing all question items based on empirical data                    

(Ariyana et al., 2018). The multiple choice HOTS test questions have an average 

level of difficulty of 0.406 (medium).  According to the opinion of Arikunto (2015), 

questions in the medium category can be used. Questions in the very easy category 

were not used, so the difficulty level of the HOTS-based assessment instrument in 

this study was in the "good" category and the average discriminating power was 

0.330 (good).  According to Basuki & Hariyanto (2016), questions can be accepted if 

they have the power to distinguish questions from the "very good" category, then the 

HOTS-based assessment instrument is a good question. 
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CONCLUSION  

Based on the results of the research and discussion, it was found that the final 

product in this research produced a HOTS-based instrument on motion system 

material. The HOTS-based instrument is a set of HOTS test questions consisting of 

15 multiple choice questions and five essay questions. The validity of the instrument 

is proven by the results of expert assessments which show that the instrument is 

suitable for use with an average score of 0.79 Aiken's V on multiple choice questions 

while for essay questions it is 0.83 Aiken's V based on a review of material, 

construction and language aspects. The instrument also meets the reliability criteria 

with a score for multiple choice questions of 0.850 Cronbach's Alpha and essay 

questions of 0.780 Cronbach's Alpha for the limited test while for the broad test the 

reliability criteria for multiple choice questions are 0.905 Cronbach's Alpha and essay 

questions are 0.895 Cronbach's Alpha for the limited test while the instrument is 

based on HOTS has a medium level of difficulty, good discrimination. For further 

research, you can create a graph between the differences between limited tests and 

extensive tests on HOTS-based test question instruments. 
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