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Abstract: This research aims to develop a HOTS test instrument on 

electrochemistry topics that meets valid and reliable criteria. Apart from that, 

the level of difficulty, distinguishing power, ability level, and detection of 

respondent bias were also analyzed. This research is development research 

using the Tessmer model, which includes preliminary and formative evaluation 

stages. The HOTS questions consist of 15 multiple-choice questions. The 

validation data from experts is measured using a Likert scale. Coefficient 

Aikens’ V is then used to measure the validation data from reviewers. Experts 

and reviewer assessments indicated that the HOTS question instrument 

developed was very good. Analysis of questions using the Rasch model in a 

field testing of 33 high school students using a purposive sampling technique 

resulted in 14 valid questions and 1 invalid question with a reliability value of 

0,69. There were 3 questions in the easy category, 7 in the moderate category, 1 

in the hard category, and 4 in the extremely hard category. The analysis of the 

distinguishing power of the questions obtained 9 questions with very good 

criteria, 3 questions with good criteria, and 2 with fair criteria. The results of the 

validity of the students` responses showed that there were 4 invalid responses. 

The ability level shows that 5 students have high ability, 7 have moderate 

ability, and 21 have low ability. In conclusion, the developed HOTS test 

instrument for electrochemical material has a good quality and is suitable for 

evaluation. 
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Introduction  

Science literacy is fundamental to achieving educational success in the 21st century 

(Budiarti & Tanta, 2021). Science literacy is the ability to comprehend how science, 

technology, and society interact and to use that understanding to solve issues in everyday life 

(Toharudin et al., 2011). Science literacy is needed to develop science thinking skills to 

understand advances in technology and science  (Pratiwi et al., 2019). Education is essential 

to ensure students have good science literacy competencies (Andrian & Rusman, 2019). 

Through science literacy, students will develop their critical and logical thinking skills, 

creativity, and communication and teamwork abilities. (Sibarani & Tenriawaru, 2019; 

Yuliati, 2017). However, students' science literacy competency in Indonesia is still classified 

as low (Herlanti et al., 2019). According to a PISA assessment from 2022, students in 

Indonesia had an average score of 383 for science literacy, indicating the poor level of 

science literacy (OECD, 2023a). This score is still at level 1, the lowest level in the PISA 

scoring system (OECD, 2023b).  

The government is making efforts to increase students' scientific literacy in Indonesia 

by implementing an independent curriculum (Merdeka Curriculum) (Angga et al., 2022; 
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Pratikno et al., 2022). The independent curriculum is designed by expanding the content of 

the material to suit needs so that students can improve their higher-order thinking Skills 

(HOTS) (Tasrif, 2022). In addition, teachers are required to use higher-order thinking (HOT)-

based assessments in order to enhance students' abilities in this domain (Febriyani et al., 

2020). Students' scientific literacy competencies can be supported through HOTS questions. 

(Yuriza & Sigit, 2018). HOTS is an assessment used to measure high-level thinking skills 

which include analyze (C4), evaluate (C5), and create (C6) (Setiawan et al., 2021). This 

method encourages students to achieve higher abilities in the form of problem-solving, 

decision-making, critical thinking, and creativity (Andini & Supardi, 2018). HOTS enables 

students to analyse, relate, and evaluate all elements of situations and problems that occur in 

daily life. (Rofifah et al., 2013).  

Teachers must have pedagogical competencies in order to improve students' HOTS 

abilities (Aquami, 2018). This competency allows teachers to manage learning in the 

classroom starting from the planning, implementation, and evaluation stages of student 

learning processes and outcomes (Emiliasari, 2018). The teacher's learning planning ability 

takes the form of preparing a learning module as a guide for implementing learning for each 

learning process activity, which is developed based on the syllabus (Wati et al., 2021). 

Furthermore, throughout the learning process, teachers must engage in appropriate 

communication and interaction so that the material presented by the teacher may be well 

understood by students (Nasution & Mursell, 2008).  During the assessment phase, an in-

depth assessment is conducted to evaluate the input, process, and learning outcomes. 

Assessment aims to measure various student skills in various contexts that reflect situations 

in the world (Mulia, 2020). Increasing teacher pedagogical competence in the evaluation 

domain can improve students' abilities to solve HOTS-based questions (Astutik & 

Roesminingsih, 2021). However, high school chemistry teachers still need more 

understanding of the HOTS question instrument (Driana et al., 2021). Teachers tend to only 

provide question instruments in the Lower Thinking Skills (LOTS) category (Khaldun et al., 

2020). 

One way to improve teachers' abilities in designing HOTS questions is by 

understanding the aspects that must be fulfilled in the HOTS question instrument (Puspitasari 

et al., 2021). Brookhart (2010) states that the HOTS question instrument must fulfill three 

aspects, namely: (1) the ability to connect learning material with elements other than those 

studied; (2) students' ability to reason, reflect, and make the right decisions; (3) the ability to 

identify and solve problems. According to Widana (2017), the HOTS test instrument must 

also apply contextual problems related to various aspects of life so that students are able to 

connect, interpret, apply, and integrate science in learning with problem-solving in everyday 

life. However, the availability of HOTS question references in chemistry subjects still needs 

to be improved (Zohrany et al., 2018). This reference's availability can help teachers design 

HOTS question instruments and train students to get used to working on HOTS 

questions (Syahana & Andromeda, 2021; Intan et al., 2020). Thus, it is necessary to develop 

HOTS-based chemistry question instruments (Jayanti, 2020). 

Chemistry is a part of natural science that studies the characteristics of matter and the 

energy of its changes (Istijabatun, 2008). Chemistry is closely related to everyday life  (Roy, 

2016). Chemistry subject is contextual and has great potential for developing HOTS aspects 

(Lilia & Widodo, 2014; Harta et al., 2020). Students may find it challenging to fully 

understand chemistry due to its broad scope, complex concepts, and three levels of 

representation—macroscopic, submicroscopic, and symbolic (Erlina, 2011; Stojanovska et 

al., 2012; Talanquer, 2011). In order to help students learn chemistry subjects more simply, 
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teachers might apply their knowledge of chemistry to everyday situations (Sunyono et al., 

2015). Electrochemistry is a chemistry topic that has three levels of representation and is 

extremely complex. It is challenging for teachers to connect electrochemistry concepts to 

real-world situations (Sukmawati, 2019).  

Electrochemistry is one of the chemistry subjects that studies electrically conducting 

instruments (electrodes) in which electrons are transferred from the positive electrode to the 

negative electrode with electricity as the energy source (Harahap, 2016). The 

electrochemistry process is based on a reduction-oxidation reaction in an electrolyte solution 

(Sukmawati, 2020). Electrochemistry topics are related to various human needs such as dry 

cell batteries and components used in flashlights (Rudibyani et al., 2020). Therefore, 

electrochemistry is a contextual chemistry subject and has the potential to develop its HOTS 

aspects (Agustina et al., 2021). However, there is still a limited number of HOTS test 

instruments available for electrochemistry topics in schools. To date, the development of 

HOTS test instruments using Rasch model analysis has only been available on stoichiometric 

(Abdullah et al., 2022), salt hydrolysis (Lubis et al., 2022), and acid-base reaction (Aprilia et 

al., 2021). 

Based on the problems above, research is needed regarding the development of 

instruments for Higher-Order-Thinking Skill (HOTS) questions on electrochemistry topics. It 

is hoped that this research can improve students' science literacy and high-level thinking 

skills so that they are able to solve HOTS-based questions effectively and accurately.  

 

Research Method 

The study used a research and development method with a Tessmer model, which 

consists of preliminary and formative evaluation stages, was used in this research. The 

formative evaluation stages include self-evaluation, prototyping (expert review, one-to-one, 

and small group), and field testing (Tessmer, 2013). Data collection instruments in this study 

include documentation, validation sheets, and test questions. The research product is a set of 

fifteen (15) HOTS question instruments on electrochemistry topics that have been validated 

by two experts: one in materials and the other in evaluation. The product is then revised and 

assessed by two reviewers who are high school chemistry teachers. The revised product is 

then tested on 33 students at one of Yogyakarta's Islamic public high schools. 

Product Validation 

Product validation data contains suggestions and input from materials experts, 

evaluation experts, and reviewers. This data is used as guidance to improve the HOTS test 

instrument. The feasibility and quality of the HOTS questions were evaluated by a qualitative 

examination of the experts. The data is gathered in the form of a quality assessment, which is 

then measured using a Likert scale (1 to 5). The questions' feasibility can be determined by 

calculating the average value. If the score percentage meets the criteria of < 21% it is 

considered very poor,  21 – 40 % is considered poor, 41 – 60% is considered fair, 61 – 80% is 

considered good, > 81% is considered very good criteria (Arikunto, 2013; Ernawati, 2017). 

Aiken's V formula was used to analyze the collected data from reviewers (Likert scale 1 to 5) 

and determine the content validity of each question item (Aiken, 1985). 

s
V =

[n  (c 1 )]


 

The Winstep software was then used to conduct a Rasch modelling analysis on the responses 

provided by students during field testing. 
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Validity Test 

The validity test conducted in this research includes testing the validity of test items 

and student responses. The validity of the question items and response with the Rasch Model 

can be seen from the MNSQ, ZSTD outfit, and Pt Measure Corr values (Sumintono & 

Widhiarso, 2015). Question items are accepted if the MNSQ outfit values are in the range 0,5 

to 1,5. ZSTD outfit values are in the range of -2,0 to +2,0. Pt Measure Corr values are in the 

range 0,4 to 0,85. If an item is found where the Z-STD value meets the criteria but the MNSQ 

and Pt Measure Corr fail to meet the requirements, the item remains considered valid (fit) 

(Bond et al., 2020; W. J. Boone, 2016). When it comes to the three criteria of MNSQ, ZSTD, 

and Pt Measure Corr, students' answers are considered fit if they meet at least two of the 

values (W. Boone, 2013). The response must be further analysed in the scalogram if it does 

not meet these two criteria. 

Reliability Test 

An instrument is reliable if repeated measurements consistently produce the same 

information. Reliability testing using the Rasch Model must meet Person or Item Reliability 

value criteria, as stated by Sumintono & Widhiarso (2015). If the value meets the criteria of < 

0,67 it is considered weak,  0,67 – 0,80 is considered fair, 0,81 – 0,90 is considered good, 

0,91 – 0,94 is considered very good, > 0,94% is considered excellent criteria (Perera et al., 

2018). According to Sumintono & Widhiarso (2013), the Alpha Cronbach value is the 

coefficient that measures instrument reliability. If the value of Alpha Cronbach meets the 

criteria of 0,00 – 0,49, it is considered very poor; 0,50 – 0,59 is considered poor; 0,60 – 0,69 

is considered fair; 0,70 – 0,79 is considered good; 0,80 – 1,00 is considered very good 

criteria. 

Item Difficulty Level 

The Item Measure table in the Winsteps program can be used to determine the test 

item difficulty level. The logit Measure and Standard Deviation (SD) values are used to 

categorize the test items' difficulty levels. The value of the SD of this research is -1,62. The 

item logits are divided into four categories, which can be seen in Table 1 (Maryati et al., 

2019; Sumintono, 2018). 

Table 1. Item difficulty level category 

Measure (logit) Value Category 

Measure logit < -1,62 Easy 

-1,62 ≤ Measure logit ≤ 0 Moderate 

0 ≤ Measure logit ≤ 1,62 Hard 

Measure logit > 1,62 Very Hard 

Item Discrimination Power  

The item discrimination power in the Winsteps program can be observed through the Pt 

Measure Corr values in the item fit order table (Sumintono, 2018). Categories for selecting 

items based on discrimination power shown in Table 2. 

Table 2. Items discrimination power criteria 

Pt Measure Corr Value Interpretation 

> 0,4 Very Good 

0,39 – 0,30 Good 

0,29 – 0,20 Fair 

0,19 – 0,00 Cannot discriminate 

< 0,00 Requires inspection of items 
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Students' Ability Level 

Person measures in the Winsteps program are used to identify the level of students' ability to 

answer questions. The logit means and Standard Deviation (SD) values are used to categorise 

the students` ability levels. According to Sumintono & Widhiarso, (2015), Table 3 shows the 

criteria for determining students` ability. 

Table 3. Logit Value for students` abilities 

Measure (logit) Category 

> SD logit High 

Mean logit – SD logit Moderate 

< Mean logit Low 

Respondent Bias Detection 

Bias analysis is conducted to determine whether test items exhibit bias in specific respondent 

categories. In the Winsteps program, information regarding item bias can be observed 

through the DIF (Differential Item Functioning) table, between/within. Items with P (PROB.) 

values below 0.05 indicate bias in certain groups (Sumintono & Widhiarso, 2015). 

 

Results and Discussion 

The aspects assessed in validating LKPD include format, content, language, 

presentation, and how LKPD supports innovations and improves the Teaching and Learning 

Activities (KBM). Before implementation, the developed LKPD must be validated by experts 

in Focus Group Discussion (FGD) activities. Validation was carried out by three experts in 

educational evaluation, biodiversity biology material, and language. The validation results by 

experts show that the model validation sheet developed was valid or suitable for use. The 

validation results of LKPD are listed in Table 1 below: 

The Preliminary Stage begins with collecting relevant literature such as books, 

articles, and information regarding HOTS that students should possess in the independent 

curriculum. Next, a literature review related to HOTS is conducted, focusing on the urgency 

of HOTS and a review of relevant previous research. The following step, called self-

evaluation, creates test questions that measure higher-order thinking skills. Preparing the 

HOTS question grid for Electrochemistry topics refers to the syllabus of twelfth-grade 

chemistry and the analysis of Learning Outcomes (CP) for the F phase in the chemical 

understanding element. Then, based on its cognitive components, this learning achievement is 

developed into Learning Objectives to produce HOTS questions (Anggraena et al., 2022). 

Table 4. Learning Objectives Opportunities to form HOTS questions 
Learning Obejctives Opportunities 

Analyzing the concept of redox reactions and balancing its reaction High 

Analyzing the process of chemical energy transformation that occurs in voltaic cells 

and its application in everyday life 
High 

Analyzing the process of chemical energy transformation that occurs in electrolytic 

cells and its application in everyday life 
High 

Interviews were conducted with two chemistry teachers in twelfth grade from two 

different high schools in Yogyakarta. HOTS-based learning processes have been 

implemented but are limited to contextual stimulus-based learning on specific topics. 

Teachers only provide 30% of HOTS-based questions out of the total number of questions 

tested in daily and summative assessments. The rarity of HOTS-based questions in 

assessments is due to the fact that they require many references and more time to create. This 

phenomenon has led to a lack of availability of good HOTS question instrument references 

(Kurniasi et al., 2020). Additionally, based on research by Nadliroh et al. (2019), the 
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availability of HOTS questions in school textbooks is still very minimal. The development of 

HOTS-based questions is crucial for teachers' assessment purposes. Based on these findings, 

a product was developed in the form of HOTS test instrument for Electrochemistry topics, 

referring to the question grids that had been created. The developed HOTS questions are 

multiple-choice questions consisting of 15 items with five answer options. 

The product was then validated by materials experts, evaluation experts, and 

reviewers. Feedback and suggestions from the validation results were then used as a reference 

for the improvement of the product of HOTS test instruments. Subsequently, the product was 

tested one-on-one with three twelfth-grade science students. The three students were selected 

as subjects due to their varying ability levels, which were high, moderate, and low. Students 

were asked to submit feedback and suggestions after responding to the questions. Based on 

the criticism and suggestions, the product proceeded to small group testing. The product was 

tested in a small group consisting of 6 students. Then, the HOTS Electrochemistry test 

instrument proceeded to the field-testing stage. 

Product Validation  

The HOTS question instruments developed in this research consist of 15 multiple-

choice questions. According to Hartini & Sulitdjo (2015), multiple-choice questions are 

widely applicable and have high objectivity and validity. The purpose of validation is to 

evaluate the quality of the HOTS test instrument's initial product, which is then improved in 

response to feedback and suggestions from evaluation and materials experts (Widhiyani et al., 

2019). Figures 1 and Figure 2 show the results of the validation analysis and evaluation by 

experts in materials and evaluation. 
Figure 1. Analysis result of material expert’s 

validation 

 

 

Figure 2. Analysis result of evaluation expert’s 

validation 

 
The validation results from subject matter experts and evaluation experts indicate that 

the developed questions are in the category of very good (Anggraini et al., 2020a) The 

product is therefore ideal to be implemented as an instrument for assessing students' higher-

order thinking skills. Reviewers were then involved in the validation and assessment process 

to evaluate the developed product's content validity. Using Aiken's validation analysis, the 

reviewer assessment scores were examined. The analysis results can be considered valid if 

they reach the 0.80 Aiken's V coefficient limit (Aiken, 1985). Figure 3 shows the results of 

the reviewer assessments.  
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Figure 3. Analysis of Reviewer Assessment Results 

According to the reviewer's assessment, each item has an overall coefficient of ≥ 0.80, with a 

specific value of 0.869. This suggests that  the Higher Order Thinking Skills (HOTS) test 

instruments that were developed are valid (Azwar, 2015). This corresponds with the research 

by Rahielanamy & Kamaludin (2022), which found that the HOTS-based question were valid 

and had an Aiken's V value of 0.879. As a result, the developed product can be used as an 

instrument for assessments that evaluate students` higher-order thinking skills. The criteria 

for HOTS questions used in this study include measuring high-level thinking abilities, being 

context-based, stimulus-based, and having novelty in their questions (Awaliyah, 2018). 

Higher-order thinking skills can include analyzing, evaluating, and creating. Being context-

based means that the questions are linked to everyday life. The stimuli presented in the 

questions can be in graphs, tables, text stories, or images. 

Question Validity 

Validity testing of question items aims to determine the suitability of the instrument in 

measuring variables (Ghazali, 2016). Response validity testing aims to ascertain the stability 

of students' thinking in answering questions and to detect any cheating (W. Boone, 2013). 

The validity results of the questions on item fit order using Rash model analysis are shown in 

Table 5. 

Table 5. Item Fit Order Result 
Question 

Number 
Outfit MNSQ Outfit ZSTD 

Pt Measure 

Corr 

Discriminating 

Power Category 
Fit/misfit 

1 0,82 -0,40 0,50 Very good Fit 

2 0,66 -0,50 0,53 Very good Fit 

3 0,90 0,10 0,34 Good Fit 

4 0,51 -0,80 0,61 Very good Fit 

5 0,85 -0,40 0,51 Very good Fit 

6 1,19 0,50 0,49 Very good Fit 

7 0,7 -0,30 0,45 Very good Fit 

8 1,02 0,20 0,34 Good Fit 

9 3,61 2,80 0,31 Good Misfit 

10 1,70 1,30 0,28 Fair Fit 

11 0,71 -0,90 0,59 Very good Fit 

12 0,30 -0,30 0,52 Very good Fit 

13 1,21 0,50 0,23 Fair Fit 

14 1,41 1,10 0,31 Good Fit 

15 0,96 0,00 0,46 Very good Fit 

Item number 9 is considered invalid (misfit) because it has an outfit Z-STD value 

greater than 2.0. The other items remain valid (fit) because they meet the criteria for Z-STD 

values  (Bond et al., 2020; W. J. Boone, 2016). Item number 9 should be discarded or revised 
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for further testing. According to the findings of Ridwan et al. (2023) items that do not meet 

the outfit MNSQ and Z-STD criteria are considered unfit and must be improved. As a result, 

the final 14 items are able to evaluate students' higher order thinking skills in 

electrochemistry (Astuti et al., 2022). Rasch modeling can also detect students' responses that 

do not match their abilities and the ideal model. The validity results of response in person fit 

order are shown in Table 6. 

Table 6. Person Fit Order Results 
Fit/Misfit Total Respondent Code 

Fit 29 01AP, 02HL, 03YL, 04ML, 05MP, 06ML, 

07CP, 08NP, 09SP, 10XL, 11VL, 12AP, 13OP, 

14AP, 15SP, 16ML, 17ML, 18RP, 20NP, 21NP, 

22FP, 23NP, 24DP, 25ML, 27FP, 28SP, 29RP, 

32PL, 33ML 

Misfit 4 19AP, 31EL, 30RL, 26AL 

Out of 33 respondents, 4 students have invalid responses (misfit) because they do not meet 

two of three criteria: the outfit Mean Square value, the outfit Z-standard value, and the Pt 

Measure Corr value. Misfit responses show inconsistent response patterns for every item. 

Since misfit responses may cause noise and biases in the measurement process, it is important 

to identify it (Ocy et al., 2023). Therefore, each misfit response must be analyzed with a 

scalogram to determine the cause of the response not aligning with Rasch modeling 

(Damanik et al., 2023). The scalogram developed by Louis Guttman provides information 

about why response patterns do not conform to the model (Sumintono & Widhiarso, 2015). 

The results of the scalogram are shown in Figure 4 and Figure 5. 

Figure 4. Scalogram for misfit response 

 

Figure 5. Scalogram for cheating response 

 

From the figure, it can be observed that from left to right represents the sequence of 

questions from the easiest to the hardest. The four students with invalid responses were 

unable to answer the easiest questions but could correctly answer the more difficult ones. 

Misfit responses occur due to lucky guessing and lack of carefulness in answering questions. 

Misfit responses indicate that they have response patterns that cannot be predicted by Rasch 

modeling (Smith Jr., 2001). Furthermore, scalogram analysis can also be used to detect 

cheating among students based on similar matrix patterns, as seen in the case of students 

11VL and 14AP. 

Item Discriminating Power Analysis 

Item discrimination is used to determine the ability of items to differentiate between 

respondents with high and low levels of ability (Wulandari et al., 2022). Items number 1, 2, 4, 

5, 6, 7, 11, 12, and 15 meet the very good category, items number 3, 8, 9, and 14 meet the 

good category, and items number 10 and 13 meet the fair category. Items with very good and 

good category indicate that they do not mislead respondents, so low-ability respondents 

choose incorrect answers and high-ability respondents choose the correct ones (Ocy et al., 

2023). On the other hand, items categorized as fair indicate that only some respondents are 

confused when selecting the answers. This corresponds with the research conducted by Ngadi 
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(2023) which states that items with Pt Measure Corr > 0.4 have good discriminating power, 

enabling them to differentiate between groups of respondents with high and low abilities. 

 

Question Reliability 

According to the reliability test findings, the product fits fair category with a 

Cronbach's alpha score of 0.69, meaning that the instrument adequately measures the 

interaction between students and the overall test instrument. The person reliability value of 

0.69 is also categorized as fair, indicating that respondents' answers are fairly consistent and 

students' abilities vary moderately (Taber, 2018). The item reliability value of 0.90 is 

categorized as good, meaning the test instrument demonstrates good consistency in 

measuring students' high-level thinking skills. Therefore, this test instrument can be used for 

assessment because it can be relied upon to provide consistent results if reused under the 

same conditions (Tavakol & Dennick, 2011; Yusup, 2018). 

Item Difficulty Level Analysis 

The difficulty level in Rasch modeling is based on the logit measure value, which is 

the probability that respondents will answer the question (Mulyanti et al., 2022). The 

difficulty level of the instruments is yet to have a balanced proportion. The moderate 

category has the highest percentage, 7 items (46%) in questions 2, 4, 8, 15, 1, 11, and 5. The 

very hard category consists of 4 items (26%) in questions 12, 6, 9, 14. The easy category 

consists of 3 items (20%) in questions 7, 3, 13, and the hard category only has 1 item (0.06%) 

in question 10. Items should ideally have a balanced proportion of difficulty levels, with easy 

items at 25%, moderate items at 50%, and hard items at 25% (Amalia & Widayati, 2012). 

Additionally, question items are considered good quality if they are neither too easy nor too 

difficult. This is because overly easy items cannot stimulate effort in answering, while overly 

difficult items can lead to frustration due to being beyond the respondent's capability 

(Iskandar & Rizal, 2018).   

Students` Ability Levels Analysis 

The Winstep program's person-measure results are used to determine the students' 

ability to answer questions. The students` ability levels are ranked from highest to lowest 

based on the logit measure value of each response. The analysis's findings indicate that the 

mean logit value is -0.16 and the standard deviation (SD) is 1.35.  There are 5 students with 

high abilities, 7 students with moderate abilities and the majority of students, totaling 21, 

have low abilities. The category of students` ability levels is shown in table 7. 

Table 7. Students` ability levels category 

Measure (logit) Category Respondent Codes 

> 1,32 High 16ML, 11VL, 14AP, 17ML, 33ML 

-0,16 – 1,32 Moderate 22FP, 24DP, 02HL, 23NP, 27FP, 28SP, 32PL 

< -0,16 Low 03YL, 04ML, 05MP, 09SP, 13OP, 15SP, 

18RP, 21NP, 25ML, 29RP, 01AP, 06ML, 

10XL, 26AL, 30RL, 31EL, 07CP, 12AP, 

20NP, 08NP, 19AP 

Respondent Bias Detection Analysis 

Bias detection analyzed in this instrument is gender-based. Bias detection analysis in 

the Rasch model uses the concept of Differential Item Functioning (DIF). Gender is used to 

detect bias because there is a relationship between gender and someone's cognitive abilities 

(Chung & Chang, 2017; Halpern et al., 2007). The results of respondent bias analysis can be 

seen in Table 8, where the probability values for all items are above 0.05, indicating that 

gender does not discriminate against the test items.  
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Table 8. Differential Item Functioning (DIF) Results 
Summary DIF 

Chi-Square 
Probability 

Between Question 

Number MNSQ Z-STD 

0,6393 0,4240 0,3236 -0,1935 1 

0,1373 0,7109 0,0683 -0,7828 2 

0,3369 0,5616 0,1685 -0,4845 3 

0,5201 0,4708 0,2603 -0,2955 4 

2,8873 0,893 1,5432 0,8015 5 

0,4271 0,5134 0,2201 -0,3692 6 

1,1917 0,2750 0,6015 0,1400 7 

3,3635 0,0667 1,8031 0,9320 8 

0,4271 0,5134 0,2201 -0,3692 9 

1,3209 0,2504 0,6792 0,2148 10 

0,296 0,8634 0,0145 -1,1321 11 

0,0000 1,000 0,0000 0,0000 12 

1,0015 0,3169 0,4780 0,0000 13 

0,4271 0,5134 0,2202 -0,3692 14 

0,1145 0,7351 0,0569 -0,8338 15 

The HOTS test instrument that has been developed can be used to train students to solve 

HOTS questions, which enhances their critical thinking and problem-solving skills. Thus, it 

promotes the enhancement of students` science literacy. This research will also provide 

insights into creating more valid and reliable assessments that truly measure higher-order 

thinking skills rather than rote memorization.  

 

Conclusion 

The Higher Order Thinking Skills (HOTS) test instrument in electrochemistry topics for high 

school students was developed with evaluation from experts and reviewers, indicating that all 

items are valid and suitable for use. Analysis of questions using the Rasch model in a field 

test of 33 high school students using a purposive sampling technique resulted in 14 valid 

questions and 1 invalid question. The Cronbach's Alpha reliability value is 0.69, indicating 

fair reliability. The item reliability value is 0.90, indicating a good category and the person 

reliability value is 0.69, indicating a fair category. The difficulty level of the 15 items is 3 

items categorized as easy, 7 as moderate, 1 as hard, and 4 as very hard. Item discrimination 

analysis results in 9 items categorized as very good, 3 as good, and 2 as fair. The validity 

response results indicate that 4 students have invalid responses (misfit). Scalogram analysis 

reveals the response misfit due to lucky guessing and careless responding. The ability level 

shows 5 students with high abilities, 7 students with moderate abilities, and 21 with low 

abilities. Therefore, the developed HOTS test instrument for electrochemistry materials has a 

good quality and is suitable for evaluation. 

 

Recommendation  
For further instruments developments further test instrument development, it is recommended 

that field testing in this research be conducted with a larger sample of students with more 

diverse abilities. Invalid student responses (misfit) could be removed as they can cause noise 

and bias the measurement. It will result in more accurate validity and reliability. Furthermore, 

chemistry teachers could start ensuring students’ ability to solve HOTS questions by 

implementing learning strategies that promote active learning, critical thinking, and problem-

solving. 
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