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Abstract 

Research and development of the HOTS test instruments was carried out to measure students’ learning 
outcomes in the HOTS learning process on Metabolism topic at senior high school level. This study used the 
research and development method of the Dick & Carey systems approach model which consists of nine stages, 
namely: 1) assess needs to help identify learning goals; 2) conduct instructional analysis and analyze learners 
and contexts; 3) write performance objectives; 4) develop assessment instruments; 5) develop instructional 
strategies; 6) develop and select instructional materials; 7) design and conduct formative evaluation; 8) revise 
instruction based on the formative evaluation; and 9) design and conduct summative evaluation. The data of the 
students’ mastery on Metabolism topic was collected through a HOTS-based multiple-choice test related to 
Metabolism topic. A total of 610 research subjects were involved in this study. Content validity analysis were 
conducted using Aiken’s V formula and empirical validity analysis were carried out using product moment 
Pearson correlation. The results reveal that based on content validation, 83 out of 100 test items are valid, 
proven by the Aiken’s V value on the three indicators which is greater than 0.677. Based on empirical validation, 
in cycle I there are 60 valid test items as rcount > rtable (0.12) and sig. 2 tailed value < α 0.05. In cycle II, there are 
55 valid test items as rcount > rtable (0.11) and sig. 2 tailed value < α 0.05. The 55 test items are in good quality 
category, thus they are ready to be implemented. 
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1. INTRODUCTION 

Learning can be defined as a process of behavior change that occurs in a person as the result of a learning 
experience. These changes can be observed at behavioral and cognitive (knowledge) aspects. Facing the 
challenges of the 21st century, Indonesian education is directed towards Higher Order Thinking Skills (HOTS)-
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based learning. HOTS-based learning is expected to be able to create competitive and skillful outputs of 21st 
century skills, namely creativity and innovation, critical thinking and problem solving, collaboration, and 
communication. Consequently, a HOTS-based assessment design becomes an essential aspect in HOTS-
based learning in order to meet this goal. 

The implementation of the 2013 curriculum in Indonesia has directed Indonesian students towards a learning 
environment that support the development of higher order thinking skills. However, HOTS-based assessment is 
infrequently applied in measuring students’ learning outcomes in HOTS learning. A study conducted by Utomo 
in 2018 revealed that Indonesian students had difficulty in solving science test items that involved analysis, 
evaluation, and creation, the three key aspects or the Operational Verbs (in Indonesian: Kata Kerja Operasional 
or KKO) of HOTS. This difficulty is caused by the infrequent exposure of HOTS assessment among Indonesian 
students.This result is in line with a research conducted by Tsaparlis in 2020 found out that some Indonesian 
students do not possess sufficient abilities to answer HOTS-based test items.  

There are two main trends that encourage reformation in science learning, namely: (1) the belief that students 
need to develop HOTS; (2) students must possess deep understanding in the subjects they are learning, rather 
than just applying algorithms to solve problems. Higher Order Thinking (HOT) and Higher Order Thinking Skills 
(HOTS) should be contrasted with Lower Order Thinking (LOT) and Lower Order Thinking Skills (LOTS) in order 
to gain a clearer understanding of HOT and HOTS. Therefore, the measurement tools utilized in the assessment 
process must be in accordance with the learning objectives, meaningful and contributing to student 
achievement. 

Up to now, there are still some limitations in the assessment implementation which leads to an off-target 
assessment. An initial survey of 52 high school biology teachers in Aceh using a questionnaire distributed online 
with the Google Form shows that the teachers’s ability in developing test instruments that meet these criteria are 
still inadequate. 65.38% of the respondents admitted that they do not have the competence to prepare accurate 
test items according to the guidelines and 69.23% of them claimed to be more comfortable to reuse test items 
that were already available to assess student learning outcomes. 

The results of the survey is also supported by the study results of item analysis conducted by the Directorate of 
High School Development for USBN Assistance for the 2018/2019 academic year. This study was conducted on 
26 subject matters taught in 136 premier high schools spread across 34 Provinces in Indonesia. The results 
reveal that from 1,779 items analyzed, most of which were at Level-1 and Level-2. Furthermore, only 27 out of 

136 premier high schools constructed 20% of USBN (The National School-Based Examination) test items 
based on HOTS criteria, 84 schools constructed below 20%, and 25 schools stated that they did not know 
whether the test items constructed met the HOTS criteria or not. These facts do not meet the Curriculum 2013 
assessment standard which aims to improve the implementation of HOTS assessment models (Isbandiyah & 
Sanusi, 2019). 

The results of the Trends in International Mathematics and Science Study (TIMMS) in 2015 for grade IV of 
elementary school levels showed that Indonesia got an average score of 397 and was ranked the bottom four of 
the 43 countries participating in TIMMS (Source: TIMMS 2015 International Database). Approximately, 75% of 
the items tested in TIMSS have been taught in grade IV at elementary schools. This percentage is higher than 
South Korea which is only 68%, but the depth of understanding towards the test items is still lacking. Ironically, 
Indonesia is the longest among other countries in terms of the length of school hours and duration of 
mathematics subject hours at elementary school level, but the quality of learning outcomes still needs to be 
improved. In addition, the Programme for International Student Assessment (PISA) in 2015 shows that 
Indonesia received an average score of 403 for science (ranked the bottom three), 397 for reading (last rank), 
and 386 for mathematics (ranked the bottom two) from 72 countries. In 2018, the average PISA score of 
Indonesian students decreased. Indonesia received an average score of 396 for science, 371 for reading, and 
379 for mathematics which was ranked in the bottom six of the 79 countries participating the program (Setiawati, 
et. al, 2018). 

The results of student achievement measurement of the National Examination are along with students’ 
achievements in PISA and TIMSS which show that students are still weak in higher order thinking skills such as 
reasoning, analyzing, and evaluation. This statement is confirmed by the data of the average National 
Examination (UN) score distribution at high school levels in both public and private schools in the last four years. 
It shows that the average achievement of national examination results is 57.29 (2016); 53.47 (in 2017); 51.76 (in 
2018); and 53.00 (in 2019) within the range of 2.5-100 point scale. The average achievement of the 2019 
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National Examination results in Aceh Province was 43.03, which was 9.27 points lower than the average 
National Examination result of 52.30 (Pusmenjar Kemdikbud, 2019). According to the Ministry of Education and 
Culture, an acceptable standard of National Examination score is 70-85. Thus there is a huge gap between the 
average score achieved by the students and the acceptable standard of National Examination (UN) scores 
expected by the Ministry of Education and Culture. In addition, there is a great disparity between the students’ 
highest score and the lowest one. This indicates that the quality of education in Indonesia, especially in Aceh 
Province, still needs to be improved and the design of the assessment process should be enhanced. 

Several studies on assessment especially on the development of HOTS-based instruments have been carried 
out (Rintayati, P, 2021; Su, 2020; Hidayat, 2020; Luo, 2020; Rahayu, 2020; Subia, G.S, 2020; Risna, 2020; 
Kurniawan, 2019 ; Istiyono, E, 2019; Semilarski, 2019; Wahono, 2019; Utomo, 2018; Hamdi, 2018; Kusuma, 
2017; Ahmad, 2017; Kurbanoglu, 2017; Barz, 2017; Saat, 2016; Samritin, 2016; Hanum, 2015 ; Park, 2014; 
Muhammad, 2014; Lemons, 2013; Koksal, 2010). However, their study only focus on the development of 
diagnostic instruments, the introduction and development of the HOTS instruments in general to measure 
students' scientific reasoning skills to achieve the target scores of PISA and TIMSS international standards. The 
study on development of HOTS-based test instruments that focus on certain cognitive competencies, especially 
on the basic competence of Metabolism is still limited. There is an urgent demand for providing guidelines in 
preparing HOTS test items that can be implemented by teachers in classroom learning assessment activities for 
the basic competence. 

Based on data analysis of the National Examination scores of high school level on Biology subject conducted by 
the Center for Educational Assessment of the Ministry of Education and Culture, the average score in four topics 
of Biology subject tested in the National Examination, namely (1) biodiversity and ecology; (2) the structure and 
function of living things; (3) biomolecular and biotechnology; and (4) genetics and evolution, the biomolecular 
and biotechnology topic get the lowest average score, namely; 47.25 (in 2017); 48.57 (in 2018); and decreased 
to 39.70 (in 2019). Unsurprisingly, amidst the development of science and technology in the 4.0 era, these 
competencies are expected to increase even more.  

The findings ware also supported by the results of an initial survey conducted on Biology teachers at the high 
school level in Aceh. 69.23% of teachers stated that Metabolism was a difficult topic for both teachers and 
students, 61.54% admitted that the students’ learning outcomes on Metabolism was always low. 69.23% 
claimed that the students’ learning outcomes is due to inadequate learning process and 75% of teachers also 
agree it is caused by inaccurate test instrument. Responding to this phenomenon, 100% of teachers admitted 
that they need guidelines for the preparation of valid test instruments. 

In order to meet these needs, a valid HOTS instrument for Metabolism topic must be accessible. Therefore, a 
research on the development of Higher Order Thinking Skills (HOTS)-test instrument on Metabolism topc for 
high school level needs to be conducted. This research is expected to be able to provide a valid measurement 
tool guidelines in Metabolism Basic Competence (KD) and to improve the higher-order thinking skills of students 
in Aceh in particular and students in Indonesia in general. 

2. METHODS 

This study used the research and development method of the Dick & Carey systems approach model which 
consists of nine stages, namely: 1) assess needs to help identify learning goals; 2) conduct instructional analysis 
and analyze learners and contexts; 3) write performance objectives; 4) develop assessment instruments; 5) 
develop instructional strategies; 6) develop and select instructional materials; 7) design and conduct formative 
evaluation; 8) revise instruction based on the formative evaluation; and 9) design and conduct summative 
evaluation (optional) (Dick et al., 2001). The design of the Dick & Carey systems approach model phases is 
illustrated in Figure -1. 

The total subjects involved in this study were 610 students which were divided into 3 cycles: 250 subjects in 
Cycle 1 (Formative Test), 300 subjects in Cycle II (Summative Test) and 60 subjects in the implementation 
phase, consisting of an experimental class of 30 students and a control class of 30 students. Ths study used 
probability sampling technique. The research was conducted in eight months from February-September 2021 in 
seven high schools in Aceh Province, Indonesia. The parameters measured were HOTS-based learning 
outcomes on Metabolism topic obtained through pretest and posttest, totaling 100 test items. 
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Figure-1. The design of the Dick & Carey systems approach model phases  

3. DATA AND ANALYSIS 

Content validity analysis of the HOTS-based test instrument was conducted using Aiken’s V coefficient which 
was calculated by the formula V = S/[n(c — 1)] (Aiken, 1985). A good assessment formation will produce 
consistent scores and positive responses from validators with an average Aiken’s V assessment score greater 
than 0.677 (Azwar, 2014). empirical validity analysis of cycle I and Cycle II were carried out using product 
moment Pearson correlation which correlate each test item score with the total score obtained from all 
respondents' answers. 

4. FINDINGS AND DISCUSSION 

4.1 Content Validation of HOTS Test Instrument 

The instrument that has been developed consists of 100 test items in the form of multiple choice to evaluate the 
students’ learning outcomes on Metabolism. The instrument need to be first evaluated by the experts before it 
can be administered. The content validity was carried out by distributing validation sheets to 3 (three) validators 
who are the experts of the field being studied. In the early stages of instrument development, the content validity 
analysis was aimed to reduce variations of potential errors in the instrument development and increase the 
possibility of obtaining a construct validity index in future research (Muliana, 2020). There are three indicators 
evaluated through the validation sheets, namely the suitability of the question indicator formulation (indicator 1), 
the suitability of the indicators with Bloom's taxonomy level (indicator 2), and the suitability of the question diction 
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with the question stimulus (indicator 3). Those indicators were evaluated using a 5-point scale. The content 
validity results of the three indicators are presented in Figure-2. 

 

Figure-2. The Recapitulation of Content Validity Test Results with the Aiken’s V-Formula for the three Indicators 

The content validity result for indicator 1 shows that 83 test items are valid as the Aiken’s V score > 0,677. 
However, 17 test  items are invalid because the Aiken’s V score ≤ 0,677. Those invalid test items are items 
number 12,14, 15, 17, 30, 32, 41, 42, 53, 68, 70, 80, 82, 83, 84, 95, and 100. 

The content validity result for indicator 2 shows that 76 test items are valid as the Aiken’s V score > 0,677. 
Meanwhile, 24 test items are invalid because the Aiken’s V score ≤ 0,677, namely item number 1, 2, 3,12, 13, 
14, 15, 17, 28, 30, 32, 41, 42, 50, 53, 68, 70, 78, 80, 82, 83, 84, 95, and 100. Muliana (2020) stated that the 
more raters involved, the smaller the index of the criteria specified and vice versa, the less raters involved, the 
greater the index of validity of the criteria specified. However, Azwar said that a coefficient between 0.64 to 1 
can be considered to have sufficient content validity. 

The content validity result for indicator 3 shows that 83 test items are valid as the Aiken’s V score > 0,677. 
Notwithstanding, 17 test items are invalid as the Aiken’s V score ≤ 0,677, Those are the item number 12,14, 15, 
17, 30, 32, 41, 42, 53, 68, 70, 80, 82, 83, 84, 95, and 100. 

Based on the validation results of those three indicators, 7 items are invalid only on the indicator 1, namely the 
item number 1, 2, 3, 13, 28, 50, and 78. Thus, the test items are still used after revision. However, 17 items are 
invalid on the three indicators because the Aiken’s V score on the three indicators is below 0.677, consequently, 
all these test items are discarded. The items eliminated are number 12,14, 15, 17, 30, 32, 41, 42, 53, 68, 70, 80, 
82, 83, 84, 95, and 100.  

4.2 Empirical Validation of HOTS Test Instrument 

4.2.1 Empirical Validation of Cycle I (Formative Evaluation) 

In the field test phase of cycle I (formative evaluation), a total of 83 test items that have been expertly validated 
and revised were tested on 250 subjects from five (5) schools in Aceh Besar and Banda Aceh. After the 
distribution of the field test data of Cycle I was normal, the validity test was carried out using SPSS 22 for 
windows program. A test item is said to be valid if it can accurately measures what it is supposed to measure.  

At this stage, the product moment Pearson correlation validity test was used. Each test item score was 
correlated with the total score obtained from all respondents' answers. The empirical validity results of Cycle I 
are presented in Figure-3. 

 

Figure-3. The empirical validity results of Cycle I 
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The validity of the test items is calculated by comparing the correlation coefficient (pearson correlation) scores of 
each test item with rtable or by comparing the value of sig. 2 tailed with a significant level α = 0.05. A test item is 
said to be valid if rcount > rtable with a significant value α = 0.05 or sig. 2 tailed value α < 0.05. Based on the results 
of data analysis in Cycle I, the Pearson correlation (rcount) score and sig. 2 tailed of 83 test items tested on 250 
samples were obtained The rtable value with N = 250 at the significant level α = 0.05 is 0.12. Therefore, there are 
60 valid test items because rcount > rtable (0.12) and the value of sig. 2 tailed < α 0.05. Yet, there are 23 invalid test 
items because r rcount < rtable (0.12) and sig. 2 tailed value > α 0.05, namely test items number 2, 3, 19, 25, 38, 45, 
48, 52, 54, 57, 59, 60, 63, 64, 66, 67, 69, 72, 74, 76, 77, 79, and 80. 

The correlation coefficient of the test items were categorized according to the interpretation of the correlation 
coefficient of Guilford. This interpretation was carried out to determine the high, moderate or low relationship 
between the two factors.  The standard rules provided by Guildford (1973) were adopted to interpret the strength 
of the relationship. Table-1 presents a summary of the standard rules for the interpretation of the correlation 
coefficient (r) based on Guildford (1973). 

Table-1 Guildford's (1973) Rule of Thumb for Interpretation of Correlation Coefficient (r) 

r Interpretation 

<0,2 Negligible positive/negative correlation 

0,2-0,4 Low  positive/negative correlation 

0,4-0,7 Moderate positive/negative correlation 

0,7-0,9 High positive/negative correlation 

> 0,9 Veri High positive/negative correlation 

Based on Pearson correlation value, the distribution of the HOTS test items quality in cycle I is presented in 
Figure-4. 

 

Figure-4. The distribution of the HOTS test items quality in Cycle I 

Based on the Pearson correlation score above with the interpretation of the Guilford correlation coefficient, the 
test items with high correlation (8 items), moderate correlation (28 items), and low correlation (24 items) criteria 
were declared valid with some revisions, while the test items with very low/neglected correlation criteria (23 
items) were declared invalid and no longer used in the next development stage. In other words, based on the 
validity test, from the 83 test items there were 23 test items that were eliminated and only 60 test items would be 
re-tested in cycle II after some revisions. The revisions made to the 60 test items included adjusting the cognitive 
level, adjusting the question indicators, improving the stimulus questions, and improving the narrative of the 
questions so that they are not ambiguous and confusing for the students. 

4.2.2 Empirical Validation of Cycle II (Summative Evaluation) 

After analyzing the test item validity of the Cycle I field test result (formative evaluation), 60 valid test items were 
produced after some revisions were made. In the field test phase of cycle II (summative evaluation), as many as 
60 test items were tested on 300 samples from 7 senior high schools in Aceh province. 

Subsequent of the distribution of the field test data of Cycle II was normal, the validity test was carried out using 
SPSS 22 for windows program. A test item is said to be valid if it can accurately measures what it is supposed to 
measure. At this stage, the product moment Pearson correlation validity test was used. Each test item score was 
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correlated with the total score obtained from all respondents' answers. The empirical validity results of Cycle II 
are presented in Figure-5. 

 

Figure-5. The empirical validity results of Cycle II 

The validity of the test items is calculated by comparing the correlation coefficient (pearson correlation) scores of 
each test item with rtable or by comparing the value of sig. 2 tailed with a significant level α = 0.05. A test item is 
said to be valid if rcount > rtable with a significant value α = 0.05 or sig. 2 tailed value α < 0.05. Based on the results 
of data analysis in Cycle II, the Pearson correlation (rcount) score and sig. 2 tailed of 60 test items tested on 300 
samples were obtained The rtable value with N = 300 at the significant level α = 0.05 is 0.11. As the result, there 
are 55 valid test items because rcount > rtable (0.11) and the value of sig. 2 tailed < α 0.05. Yet, there are 5 invalid 
test items because r rcount < rtable (0.11) and sig. 2 tailed value > α 0.05, namely test items number 28, 44, 54, 55, 
and 56. 

Based on the Pearson correlation score, The distribution of the HOTS test items quality in cycle II is presented in 
Figure-6. The correlation coefficient of the test items were categorized according to the interpretation of the 
correlation coefficient of Guilford. This interpretation was carried out to determine the high, moderate or low 
relationship between the two factors.  The standard rules provided by Guildford (1973) were adopted to interpret 
the strength of the relationship.  

 

Figure-6. The distribution of the HOTS test items quality in Cycle II 

Based on the Pearson correlation score above, the distribution of the HOTS test items quality in Cycle II are the 
test items with high correlation (5 items), moderate correlation (22 items), and low correlation (28 items) criteria 
that were declared valid with some revisions. However, the test items with very low/neglected correlation criteria 
(5 items) were declared invalid and no longer used in the next development stage. In other words, based on the 
validity test of those 60 test items, 5 test items were eliminated and only 55 test items would be used in the 
implementation stage after some revisions.  

5. CONCLUSION 

Based on the research and development results of the HOTS test instrument with the Dick & Carey systems 
approach model, 83 test items out of 100 test items that were developed based on content validation are valid 
because the Aiken’s V value on the three indicators was greater than 0.677. Based on the empirical validation, 
there are 60 valid test items in Cycle I because rcount > rtable (0.12) and sig. 2 tailed < α 0.05. Then, there are 55 
valid test items as rcount < rtable (0.11) rhit > rtable (0.11) and sig. 2 tailed < α 0.05. The 55 test items are in good 
quality so they were ready to be implemented. 
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