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Abstract. Since curriculum 2013 required higher order thinking skill questions to be used in 

examination for university admission, the teachers must provide the kind of questions for learning 

evaluation at school. To achieve good quality, the questions must be analyzed qualitatively and 

quantitatively.This research aims to analyze the test of validity, reliability, correlation between 

difficulty index and discriminatory power, functioning and nonfunctioning distractors of chemistry 

multiple questions quantitatively which are frequently offered to students in national university 

admission. It used a descriptive-quantitative method and purposive sampling technique. Students of 

the acceleration class were selected purposely because they have been frequently answering the 

higher order thinking questions. Data were collected using 20 multiple choice questions developed 

from questions banks. Before questions used for students, the questions were assessed by two 

validators. The result of the validity test shows that 100% questions were valid with an average scale 

score of 0.93 (best valid). Further analysis used a reliability test to indicate the correlation of item 

score and total score of questions symbolized by Cronbach alpha of 0.94, 0.92 and 0.89 for aspect 

of content, construction, language or culture, respectively. The correlation between difficulty index 

and discriminatory power was reliable with correlation coefficient of 0.842. The final analysis is done 

towards distractor function, and it shows that overall 83.75% was functioning distractors. Then, nine 

questions or 45% met ideal expectations with four functioning distractors. Therefore, the most higher 

order thinking chemistry multiple questions have good quality or feasible to be used in university 

admission.      

Keywords: higher order thinking, validity, reliability, difficulty index, discriminatory power and 

distractors 
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Introduction  

Assessment is an important element in learning. Generally, it is carried out through 

tests, like questions and questionnaires. But, the most frequent test for learning is done 
by using questions. A common questions test is multiple-choice questions. Multiple choice 

questions are largely used as formal tests for evaluation or assessment in several fields of 

education (Begum, 2012; Douglas, et al., 2012; Butler, 2018). Also in Indonesia, this kind 

of question is used for national examinations either at school or for university admission.  

Since 2013, the Indonesian government has been pushing teachers to improve the 

style of mutual questions developed for learning assessment. Due to the curriculum goal 

to achieve student higher order thinking skills, teachers are required to create or develop 

higher order thinking skills (HOTS) questions (Hamdi, et al., 2018). It helps students to 
master the examination with more complexity, like the test for university admission. One 

of the subjects that becomes test materials is chemistry. In addition, from 2018, the 

government rearranged the rules of examination for university admission by adding HOTS 

content inside the test (Harta, et al., 2020). Besides that, the national examination also 

contains higher order thinking skills because it is one of the important components of the 
2013 Curriculum in Indonesia. In case, students' ability in HOTS is generally not achieved 

the expectations (Puspitasari & Nugroho, 2020). In addition, HOTS skill has strong 

correlation with critical thinking skill. The result of students' critical thinking skill can not 

be separated from learning designed by teachers (Sinurat at al., 2020; Isa et al., 2017; 
Rahmati et al., 2017; Suwono et al., 2017). So, to make students familiarize with the test 

of HOTS chemistry questions, teachers must develop HOTS questions for learning 

assessment at school. Therefore, students are able to enhance their analysis skills in order 

to solve the HOTS questions (Tsaparlis, 2020). By having HOTS skills, students will not 
only be able to analyze, but also to evaluate, and create innovation in solving problems 

(Ichsan, et al., 2019). 

To obtain the better quality of HOTS questions, the development process must be 

completed by qualitative and quantitative analysis of the test item. The multiple-choice 
questions are analyzed using several methods, and one of the methods is item analysis to 

assess the quality of those items (KoÇdar, et al., 2016). The questions should contain 

several qualitative aspects such as concepts, construction and language. The proper 

construction of questions is a must in order to create effective multiple-choice questions. 

The effective questions have a good reliability and validity. Without reliability and validity 
test, the multiple-choice questions only measure the basic memory like to recall the factual 

knowledge rather than higher order thinking skills (Douglas, et al., 2012). When the 

questions stand with better validity and reliability, the multiple-choice questions become 

the most efficient evaluation form for assessment (Begum, 2012; DiBattista, et al., 2013; 
Dehnad, et al., 2014; Kingston, et al., 2012).    

Besides qualitative analysis, quantitative analysis aspects that must be included for 

each of the test items are difficulty index, discriminatory power, distractor. Previous 

research done by Mahjabeen et al. (2017) showed 81% multiple-choice questions were 
average, while 2% and 17% were too easy and too difficult, respectively. Then, the similar 

result reported by Taib & Yusoff (2014) that the difficulty index of multiple-choice questions 

ranged from 0.67-0.79, which is represented as an average index (optimal level). The 

difficulty index is related to discriminatory power like reported by Pande et al. (2013) that 

discriminatory power has positive correlation with difficulty index, and the greatest 
discrimination was exihibited with easy or difficult question items. After that, the analysis 

of distractor function is important to complete discriminatory index in distinguishing high-
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performing and low-performing students. So, it is recommended to include distractor 

analysis for similar studies (KoÇdar, et al., 2016). Aside from difficulty, discriminatory 

power and distractors, every test item should archive other qualities like validity and 
reliability (Osundare and Omirin, 2016).  

The analysis aims to examine the test item for minimum standard to be a good test 

instrumentation. If the questions still have the lack of both qualitative and quantitative 

aspects, the test item can be changed or removed. In addition, if the result during analysis 
is good, the questions are feasible to be used as test questions and can be stored for further 

examinations. Before the teachers start to develop the valid HOTS questions, they should 

take some questions reference for analysis. A question set of examination for university 

admission is mostly built by HOTS questions, so it can be used as reference and comparison 
materials. Therefore, researchers were interested to analyze the university admission 

questions test both quantitatively and qualitatively. So, it will ease teachers in developing 

HOTS questions with better quality based on analysis aspects. 

Methods  

This research used a descriptive-quantitative method. It was conducted in the 
acceleration class at SMAN Modal Bangsa, Aceh Province. Sample was selected using 

purposive sampling technique, because they frequently follow the test with higher order 

thinking skills. Data were collected using twenty multiple-choice questions developed from 

question banks. Before use, the questions were validated by experts in learning evaluation 
and assessment. Then, further analysis is done through a reliability test for aspects of 

content, construction, and language or culture. The samples are requested to answer the 

multiple choice questions, and their answer was analyzed quantitatively based on difficulty 

index, discriminatory power, functioning and nonfunctioning distractors. In addition, the 

correlation between difficulty index and discriminatory power was evaluated.  

Difficulty index. Difficulty index is a benchmark for question quality used for 

learning evaluation. The index is good when the difficulty index is moderate. The values of 

difficulty index were calculated using equation (1) as follows: 

P = 
𝐵     

𝐵𝐵     
   (1) 

Where P is difficulty index, B is number of students who have the correct answer to the 
specific question number, and JS is the number of students (Sugiyono, 2009). To interpret 
the values of difficulty index, it follows the following Table 1 (Towns, 2004). 

Table 1. Interpretation guideline for difficulty index 

No Difficulty index Interpretation 

1 Below 0.25 Difficult 

2 0.25 – 0.75 Average 

3 Above 0.75 Easy 

 

Discriminatory power represents the ability of a question test to distinguish 

outstanding and non-outstanding students. The values of discriminatory power can be 
calculated using the equation (2): 
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D = PA – PB   (2) 

Where D is discriminatory power, PA is the number of correct answers of high performing 

students, and PB symbolizes the number of correct answers of low performing students 
(Sugiyono, 2009) After that, the values were classified into four interpretations as shown 

in Table 2 (Bhat & Prasad, 2021).  

Table 2. Classification of discriminatory power 

No Discriminatory power values (D) Classification 

1 Above 0.35 Excellent 

2 0.20 – 0.35 Good  

3 Below 0.2  Poor 

 

The Distractor function describes the way on how the options can be used as 

alternative answers by students. It is good to be functioning when an option is selected by 

5% of the sample.  

Validity. Validity test towards questions carried by two validators. The validation is 
done using a standard assessment with 18 question items divided into three aspects; 

content, construction, and language or culture. The questions are feasible if they meet 

eligibility criteria as shown in Table 3 (Hadisaputra, et al., 2020). Further test of validity 

used correlation coefficient between item score and total score.   

Table 3. Validation criteria 

No Average assessment scale Validity Level 

1 0.80 - 1.00 Best Valid 

2 0.66 - 0.79 Valid 

3 0.56 - 0.65 Average 

4 0.40 - 0.55 Less 

5 0.30 - 0.39 Invalid 

 

Reliability. To find out the reliability of the question, the questions were analyzed 
through three aspects, namely content, construction, and language or culture. The 

correlation between item score and total score was analyzed quantitatively using Cronbach 

alpha. The coefficient of correlation is generally accepted at values of 0.7 or 0.6 

(Greithuijsen, et al., 2014) 
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Results and Discussion  

 

Validity dan Reliability 

All questions were analyzed qualitatively according to three aspects, such as 
concept, construction and language or culture by two validators. The content aspect 

focuses on relevant indicators and learning competencies, while construction aspect 

concerns on clarity of questions and options. Then the language or culture aspect assesses 

the communicative and effective language used to question items. The result of qualitative 
analysis is represented in Table 4.  

Table 4. Scale of average score of qualitative analysis towards question items 

No Aspects Scale of average 

score 

A Content  

1 Question items are appropriated with indicators 1.00 

2 Content of questions is suitable with competencies 1.00 

3 The options are homogen and logic 0.80 

4 Each question has one correct answer 1.00 

B Construction  

1 Questions are formulated briefly, clearly and firmly 0.80 

2 Formulation of questions and options contains statements 

that are required only 

1.00 

3 Questions do not describe the correct answer 1.00 

4 Questions have none of negatively double statements 1.00 

5 Options are homogen and logic based on content 

knowledge 

1.00 

6 Questions have functioning figures, graphs, diagrams, or 

others 

0.90 

7 Options relatively contain the same number of words  0.75 

8 Options do not used “all options is correct or incorrect” 1.00 
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9 Options are arranged chronologically  0.80 

10 Questions are independent from previous questions 1.00 

C Language/culture  

1 Questions use effective language 0.90 

2 Questions use communicative language 0.95 

3 Questions do not contain local language 1.00 

4 Options do not repeat the same words, except for similar 
definition 

0.90 

 

 Based on data presented in Table 4, the average of total score is 0.93 and it is 

classified as best valid eligibility. For each aspect, content (N-item= 4), construction (N-
item=10), and language or culture (N-item=4) has average total score 0.95, 0.93, and 

0,94 respectively. It means either average total score or average score per aspects have 

the best valid criteria. To support validity tests, reliability tests are carried out using 

statistical approaches for each aspect. Overall, Table 5 shows that the item score inside 
the aspect has positive correlation with total score. The reliability score of 0.94 proves 

excellent correlation, while construction aspect has strong correlation and language or 

culture shows reliable correlation (Taber, 2018). It is important to be noted that correlation 

above 0.7 meets expectation or acceptance (Yusup, 2018). Therefore, all question items 

used in this research are 100% valid and reliable.    

Table 5. Reliability test of questions 

No Aspects N-item Reliability 

1 Contents 4 0.94 

2 Construction 10 0.92 

3 Language/culture 4 0.89 

 

 Since the questions were totally valid and reliable, construction has the greater 

number of N-items in order to produce multiple-choice questions which have good quality. 

We must provide content and context without missing anything, such as lists of concepts, 

subject syllabi and specification tables. Besides that, it makes no ambiguity. Each content 
inside the questions must be clearly arranged or delimited, thus anyone would be able to 

understand it consistently or reliably at every condition (Moreno, et al., 2015). To ensure 

the result of measurement gained equal variances and covariances, it used a reliability test 

which is represented by Cronbach’s alpha coefficient. This method allowed the 
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measurement process to be reported as a confident result of evaluation due to its 

correlation between item score and total score (Bonett & Wright, 2014).  

Correlation between difficulty index and discriminatory power 
Discriminatory power is strongly related to difficulty index. High-performing 

students are able to answer the questions which have good discriminatory power and 

difficult or average difficulty index, whereas the low-performing students are able to answer 

the easy questions with poor discriminatory power (Khairani & Shamsuddin, 2016). The 
result of difficulty index and discriminatory power of questions is presented in Table 6.  

Table 6. Results of difficulty index and discriminatory power 

Question number Difficulty index Discriminatory power 

1 Average Good 

2 Difficult Excellent 

3 Average Excellent 

4 Average Good 

5 Difficult Excellent 

6 Average Good 

7 Average Excellent 

8 Average Excellent  

9 Average Excellent 

10 Easy Poor 

11 Average Good  

12 Average Excellent  

13 Easy Poor  

14 Average Good  

15 Average Excellent  

16 Difficult Excellent  

17 Average Excellent  

18 Easy Poor  

19 Average Excellent  

20 Average Excellent   
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Difficulty index is a percentage of students who answered the item test correctly 

(Patil, et al., 2016). Hence, the difficulty index shows the correlation with student 

achievement (Zainudin, et al., 2012). High performing students gained the greater total 
correct answer than low performing students. The performance of students is also 

represented by discriminatory power of question items. According to data presented in 

Table 6, it shows the positive correlation between difficulty index and discriminatory power. 

The correlation coefficient was calculated using Spearman-Brown equation (r=0,842). The 
coefficient between 0.84 - 0.90 is classified as reliable (Taber, 2018). This finding is better 

than previous research reported that the low correlation between discriminatory power and 

difficulty index is only 0.191 (Pande et al., 2013) and 0.195 (Sim & Rasiah, 2006).  

It ranges from 0.00 to 1.00 (KoÇdar, 2016). The closer the index of the item test 
to 1.00, the easier that item is. Figure 1 describes that the questions included items with 

criteria that were easy (15%), average (70%) and difficult (15%). The highest percentage 

is presented by average questions. The questions with average criteria should be recorded 

in the questions bank, and then can be used again for other examinations. The previous 
study reported by Khairani & Shamsuddin (2016), there were 67% of items considered of 

good quality that will be kept for future testing. Besides that, the easy questions were 

generally not recommended for further tests. The difficult questions are proper to be used 

for the highest level examination, such as the olympiad. 

 

Figure 1. Percentage of Difficulty Index Criteria of Questions 

Then, discriminatory power tests are done by presenting the final result as shown 

in Figure 2. There are 15% questions which have poor discriminatory power, and it means 

the questions did not distinguish high performing and low performing students. The rest 

are 85% questions distinguished students’ performance in line with their level. Normally, 
the poor discriminatory power comes from the easy questions. Findings from a previous 

study showed that biology multiple-choice questions had average discriminatory power of 

0.43 where more than 20% represented poor discriminatory power (Olutola, 2015). 

Another reported that average discriminatory power of multiple-choice questions is 0.22-
0.38, or 52.58-69.5% of good discriminatory power (Chauhan, et al., 2013) Table 5 shows 

all three easy questions have poor discriminatory power, while average and difficult 

questions have good and excellent discriminatory power.  

15%

70%

15%

Difficult Average Easy
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Figure 2. Percentage of Discriminatory Power of Questions  

Functioning and nonfunctioning distractors 
Multiple-choice questions will be objective when each question is equipped with 

several options or alternative answers. The alternative answers are three to five options 

among the options of each question, and one is the correct answer. Ideally, the questions 

must have 80 distractors distributed in 20 questions. It means each question has four 
functioning distractors. But, Table 9 shows that there are only nine questions with four 

functioning distractors. Then Table 7 shows that 16.25% are non-functioning distractors. 

Non-functioning distractors support low cognitive levels of students during answering the 

questions, so it must be removed from the questions in order to produce a better quality 
of questions. Previous study reported that there was an increment from 67 to 81% of 

functioning distractors after removal of non-functioning distractors (Ali & Ruit, 2015). 

Another explained that 64% were functioning distractors and 36% were non-functioning 

distractors (Shakurnia, 2019).   

Table 7. Distractor function analysis of higher order thinking skills chemistry questions 

No Criteria Number of distractors Percentage of distractors 

1 Functioning 67 83.75 

2 Non-functioning 13 16.25 

 

To evaluate functioning and non-functioning distractors of each item, it presented 

the further analysis using the following data in Table 8.  

 

 

 

60%
25%

15%

Excellent Good Poor
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Table 8. Distractors distribution 

Question 
number 

The percentage of students who chose the options 

A B C D E 

1 5.56 0.00 66.67 16.67 11.11 

2 11.11 16.67 55.56 5.56 5.56 

3 22.22 50.00 27.78 0.00 0.00 

4 5.56 38.89 22.22 16.67 16.67 

5 5.56 38.89 22.22 27.78 5.56 

6 16.67 5.56 50.00 27.78 0.00 

7 22.22 27.78 38.89 5.56 5.56 

8 22.22 16.67 38.89 11.11 16.67 

9 0.00 44.44 22.22 22.22 5.56 

10 5.56 11.11 83.33 0.00 0.00 

11 22.22 16.67 27.78 27.78 5.56 

12 33.33 5.56 22.22 38.89 0.00 

13 11.11 0.00 72.22 11.11 5.56 

14 33.33 27.78 33.33 5.56 0.00 

15 16.67 22.22 44.44 5.56 11.11 

16 16.67 55.56 27.78 0.00 0.00 

17 0.00 5.56 50.00 11.11 33.33 

18 11.11 0.00 11.11 72.22 5.56 

19 5.56 38.89 11.11 33.33 11.11 

20 5.56 5.56 16.67 11.11 61.11 

 

Table 8 shows that several items have 0.00% non-functioning distractors such as 

question number 1, 3, 6, 9, 10, 12, 13, 14, 16, 17, and 18. Others research found that 

items with four-option that they reviewed had only one or two functioning distractors and 

none of five-option items had four functioning distractors (Haladyna & Downing, 1993). 
Another research done by Rahma, et al. (2017) explained that the average functioning 

distractors that applied for three and four options were 34 and 33%, respectively. 

Compared to this research, there are some percentages for the number of functioning 

distractors as shown as in Table 9.   
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Table 9. Percentage for number of functioning distractors 

No Number of functioning distractors Amount of item Percentage 

1 4 9 45 

2 3 8 40 

3 2 3 15 

 

According to Table 9, the question items had at least two functioning distractors. In 

addition, the biggest percentage is presented by four functioning distractors. Besides that, 

the three functioning distractors have similar percentages with four functioning distractors. 
This result is higher than previous research reported by Tarrant, et al. (2009) the study 

shows only 13.8% of all items had three functioning distractors and just over 70% had 

only one or two functioning distractors. Another reported that questions had 31.5 and 

36.6% of two and three functioning distractors, respectively (Shakurnia, 2019).    

 

Conclusion 

 
According to the results of this research, the quantitative analysis towards higher 

order thinking skills chemistry questions is considered five aspects which are difficulty 

index, discriminatory power, validity, distractor function and reliability test. The questions 
are 100% valid with an average score of 0.93 as the best valid category. Further analysis 

using reliability tests shows that each aspect has positive correlation with Cronbach alpha 

of content, construction and language or culture 0.94; 0.92; and 0.89, respectively. Then, 

difficulty index and discriminatory power has correlation coefficient of 0.842, which means 
reliable. The final analysis for distractors show that overall questions have 83.75% having 

functioning distractors, while the remaining is non functioning distractors. The percentage 

is then divided into three groups; 45% of four functioning distractors, 40% or three 

functioning distractors and 15% stand for two functioning distractors.      
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