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      The purpose of this study was to develop a suitable test instrument to measure the critical 
thinking skills of high school students on the material of the human excretory system. This study 
is Research and Development (R&D) adapted from Sugiyono (2015). The test subjects in this 
study were students of class XI MIPA SMA Negeri 1 Juwana. Data was collected by tests 
referred to the Facione indicators with 18 items to measure students' critical thinking skills, and 
questionnaires to collect data on students' responses on the instruments. Student questionnaires 
are in Likert scale. The data then was analyzed by tests of validity, reliability, level of difficulty, 
and distinguishing power by SPSS version 20. The small-scale test showed that 3 out of 18 
questions were not valid and needed improvements. Students' critical thinking skills in the small-
scale test were in high category (48.5%). In the large-scale test, 18 items were valid and feasible 
to use and 52.3% of students' critical thinking skills were in high category. It is concluded that 
the instrument used is valid and feasible based on expert validation, item analysis and field trials. 
The critical thinking skills of SMA Negeri 1 Juwana students were in the high category. 
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INTRODUCTION 

21st Century Education requires students to have knowledge in various fields. Knowledge is important 

for someone to have because it can develop thinking skills. The ability to think can determine a person's 

success in life (Zubaidah, 2010). 21st century learning is known as 4C learning skills. 4C skills that is Critical 

Thinking and Problem Solving (critical thinking and problem solving), Communication, Creativity and 

Innovation and Collaboration. Critical Thinking is an activity that aims to solve problems logically, can 

understand a problem and find relevant answers. Communication namely using the ability to express their 

ideas, both during discussions and in writing. Creativity and Innovation is the ability to develop and convey 

new ideas and to be open and responsive to new perspectives. Collaboration namely the ability to work in 

groups (Kemendikbud, 2017). One of the subject matter that can train students’ 4C thinking skills  is biology 

which covers all aspects of living things as well as matters relating to these living things. Examples of aspects 

discussed include morphology, anatomy, ecology, and physiology. Based on these four aspects, the material 

on physiology is quite difficult. This is in line with previous research by Michael (2007) which stated that the 

most complex biological material to study is physiology. 

One of the materials related to daily life in terms of physiology is the excretory system. Excretory 

system material requires students to have learning competencies at a high level of understanding. These 

competencies include several abilities, namely thinking critically in receiving various information, thinking 

creatively in solving problems from the knowledge possessed and making decisions in complex situations 

(Saputra, 2016). In fact, the learning objectives to achieve a high level of understanding have not been fully 

achieved. Evidence that students' science performance abilities are low is based on the results of the 2018 PISA 

report which shows that in the science performance category, Indonesia ranks 71 out of 79 PISA participating 

countries. Regarding this matter, it shows that the scientific ability of students in Indonesia has not been 

superior at the global level so that there needs to be an improvement in the vision and mission in advancing 

education. Improving scientific competence can be done by improving the assessment system. The Minister of 

education and culture stated that the assessment needs to be improved so that it refers more to basic 

competencies that are useful for improving the quality of education (OECD, 2019).  

Written test is more commonly used by teachers as a tool for assessing student learning outcomes. A 

good test instrument is one that can measure students' higher order thinking skills. This is in accordance with 

the program developed by the Ministry of Education and Culture through the Directorate General of Teachers 

and Education Personnel (Ditjen GTK), namely the development of learning oriented to higher order thinking 

skills (HOTS) to improve the quality of learning and improve the quality of graduates (Ariyana, 2018). The 

type of higher order thinking skill that is the basis and initial to be trained is critical thinking. Sani (2019).  

Based on the results of an unstructured interview with one of the biology teachers at SMA Negeri 1 

Juwana in May 2021, it was stated that students actually had critical thinking skills, but these abilities were not 

honed. This was because the evaluation process done by biology teachers did not seem to be able to improve 

students' critical thinking skills. The absence of development of questions based on critical thinking skills made 

students' critical thinking skills less honed. In this regard, the teacher assumed that if students were hard to 

solve critical thinking questions and affected the learning outcomes. Therefore, it is necessary to develop test 

instruments that can train students' thinking skills so that they are more accustomed to working on them and 

finally improve the quality of education. 

 

METHODS 

This study is research and development ( R&D ). The development model adapts the stages of Sugiyono 

(2015) involves 10 stages, namely potential and problems, data collection, product design, design validation, 
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design revision, small-scale trials, product revisions, large-scale trials, product revisions, and product reviews.. 

The product resulting from this development is a critical thinking skill test instrument in the form of descriptive 

questions.  

The activity at the potential and problem stage was a needs analysis carried out by identifying problems 

from the results of an interview with a biology teacher at SMA Negeri 1 Juwana. Furthermore, the method of 

data collection was to collect information and data as material and reference for developing critical thinking 

skills test instruments. Then the product design was planning for the preparation of critical thinking questions 

instruments which include the formulation of learning indicators and critical thinking indicators that were 

adapted to basic competencies in the human excretory system concept, formulating questions framework and its 

answer based on the material. Furthermore, the test instrument was tested for validity to two validators, namely 

a lecturer of a biologist at the State University of Semarang and a biology teacher at SMA Negeri 1 Juwana. 

After the validation process, product revisions were done based on the suggestions from experts to produce a 

valid and suitable draft for use to the trial stage. The next stage was conducting product trials on a limited scale 

to 33 students. The aim was to determine the validity, reliability, level of difficulty and distinguishing power. 

The questions were analyzed using the SPSS 20. Subsequently, a product revision was made from a small-scale 

trial to produce 2 drafts of instruments to be tested on a wider scale. The next step was to conduct largescale 

trials or field tests on 107 students to determine the quality of the products developed based on students’ 

comments as improvement materials as well as to determine the level of critical thinking skills of each student. 

RESULTS AND DISCUSSION 

1. Potential and Problems 

Based on the results of an interview with one of the biology teachers at SMAN 1 Juwana, the tests used 

were multiple choices and descriptions that only measured learning outcomes but did not measure students' 

critical thinking skills. The teacher had not fully made questions based on critical thinking skills so that students 

were less familiar with these questions and tended to use LOTS type questions ( Lower Order Thinking Skills ). 

As a result these skills had not been measured properly. Whereas instruments based on critical thinking skills 

are needed to train students' thinking skills. 

2. Data Collection 

The next activity was collecting data to support the development of test instruments. Some of the data 

collected included Student Activity Sheets (LKPD) used during learning, Learning Implementation Plans (RPP) 

and materials on the human excretory system obtained from various sources. 

3. Product Design 

The designed questions consisted of 18 questions with each critical thinking indicator containing 3 

questions. The indicators used were critical thinking indicators according to Facione which consist of 6 

indicators, namely interpretation, analysis, inference, evaluation, explanation and self- regulation . Questions 

were made according to basic competencies and learning indicators. Before compiling the questions, first a 

questions framework was made and then the test questions, answer line and assessment guidelines were made. 



Siti Nur Alimah, et al / Journal of Biology Education 11 (3) (2022): 319 - 328 

322 

 

4. Design Validation 

After making the initial product, the product was then validated by experts. The expert team consisted of 2 

validators, they were UNNES Biology Lecturer and the Biology Teacher at SMAN 1 Juwana. The instrument 

used was a Likert scale assessment questionnaire. The assessment was carried out after going through several 

revision processes. The results of the validation by experts are presented in the Figure 1. 

 

Figure 1. Expert Validation Results 

Based on Figure 1, the highest assessment results on the test instrument product are in the language 

aspect, namely the value of validator 1 is 95% and validator 2 is 100%. This means that in this aspect, the 

sentence formulations presented are communicative and effective, using language according to PUEBI rules, 

and using words that do not cause misunderstandings. Meanwhile, the material and construction aspects also 

received good ratings. The results of this assessment are the results of the assessment for the test instrument that 

has been revised so that it is suitable for use in small-scale tests. 

5.  Design Revision 

Based on the results of instrument validation, there are several inputs for each item. Suggestions for 

improvement given by the validator are as follows. 

Table 1. Expert Validator Improvement Suggestions 

No. Aspect Revision Suggestions Revision Results 

1. Theory The questions are adjusted to the 
learning indicators 

The questions have been adjusted to the 
learning indicators 

2. Construction Presentation table and picture 

zoomed in 

Enlarged tables and figures 

3.  Language Sentences are corrected according 

to PUEBI rules 

Sentences in the questions have been 

adjusted according to PUEBI 

Other inputs from the validator are related to the suitability of the questions with the editorial answers. Based 

on some comments and suggestions from the validator, it is necessary to consider as material for instrument 

revision.  
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6. Small Scale Test 

After a limited trial was carried out with 33 students, the data obtained were then analyzed using the 

SPSS version 20 to determine the quality of the developed test instrument. The quality in question is validity, 

reliability, level of difficulty and distinguishing power.  

Table 2. Questions Validity 

Category Question number Amount Percentage 

Valid 1, 2, 3, 4, 5, 7, 8, 9, 11,12,13, 

14, 15, 17, 18 

15 83.3% 

Invalid 6, 10, 16 3 16.7% 

 

The table shows that there are 3 items that are not valid, namely questions number 6, 10, and 16. This is 

because rCount is smaller than rTable. So that the 3 items must be revised before being used in a large-scale test. 

Table 3. Questions Reliability 

Cronbach’s 

Alpha 

N of Items Correlation Interpretation Note 

0.862 15 High Well Reliable 

 

The reliability index ranges from 0-1. The higher the reliability coefficient of the question, the higher 

the accuracy (Kadir, 2015). In this reliability test, the result is 0.862, which means it has a high level of 

accuracy/consistency.  

Table 4. Level of Problem Difficulty 

Category Question number Amount Percentage 

Very difficult - - - 

Hard 8 1 5.6% 

Medium 3, 5, 7, 9, 11,12,13, 14, 15, 17, 18 11 61% 

Easy 1, 2, 4, 6, 10 5 27.8% 

Very easy 16 1 5.6% 

 

In the table above, questions that were too easy, namely number 16, needed to be corrected because 

questions that were too easy would not train students' critical thinking skills. So, it could be concluded that the 

items included in the easy, medium, and difficult categories would be accepted and used as a test for the 

purpose of formative tests while the questions that were included in the too easy category would be revised. 
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Table 5. Distinguishing Power of Questions 

Category Question number Amount Percentage 

Very Well 1,2,4,5,7,8,9,11,12,13, 14, 15, 18 13 72.2% 

Well 3, 17 2 11% 

Bad 10, 16 2 11% 

Very bad 6 1 5.6% 

 

The table above shows that the overall test items compiled are in the good and quite good categories. 

However, questions number 6, 10 and 16 included in bad and very bad criteria. It could be concluded that the 

three numbers could not distinguish well between smart and less intelligent students. So, these three questions 

should be revised. From this analysis, it could be concluded that questions number 6, 10, and 16 were revised. 

The three items that had been revised were then combined with questions that were not revised to be used in 

field tests on a wider scale. Next, analyze the results of student responses. The following are the results of the 

responses to the developed instrument. 

 

 
 

Figure 2. Students’ Response  

 

Based on Figure 2, students gave a positive response to the developed test instrument. A total of 27 

respondents with a percentage of 81.8% stated that the instrument was suitable for use, while 6 other 

respondents with a percentage of 18.2% stated that the instrument prepared was very suitable to be used and no 

one gave an assessment that was quite appropriate to not feasible. In addition to the assessment in accordance 

with the 8 statements in the questionnaire given, students commented that the time given to work on the 

questions was too short so they lacked concentration and were in a hurry to write the answers. Suggestions 

from students so that the time given could be extended again so that the critical thinking skills of students could 

be optimally measured. Next was to analyze the test results of critical thinking skills. Student test results are 

presented in Table 6. 
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Table 6. Test Results of Students' Critical Thinking Skills 

Ability interval (%)  Category Amount Percentage (%) 

80 < X ≤ 100 Very High 2 6 

60 < X ≤ 80 High 16 48.5 

40 < X ≤ 60 Moderate  13 39.4 

20 < X ≤ 40 Low 2 6 

0 < X ≤ 20 Very Low 0 0 

 

Based on the Table 2, the critical thinking skills of class XI MIPA 2 students are mostly in the high 

category. This means that in solving problems, there were already many students who were able to fulfill or 

answer all critical thinking indicators on the material of the human excretory system, as many as 48.5% (16 

students from 33 students.). Meanwhile, there were 13 students were in the medium category with a percentage 

of 39.4% and there were even 2 students who reached the low category. Students who were in the moderate 

category were because of the fact that most students misunderstood the questions and did not provide 

explanations regarding their answers by linking concepts to the human excretory system.  

Critical thinking skills were also analyzed based on 6 indicators of students' critical thinking skills, namely 

interpretation, analysis, inference, evaluation, explanation and self- regulation. The results of the analysis per 

indicator are presented in the Figure 3. 

Figure 3. Critical Thinking Achievement Per Indicator 

 

Based on diagram 3, the interpretation indicator obtained 57.23% in the medium category, 48.16% 

analysis indicators are in the very moderate category, 58.26% inference indicators are in the medium category, 

evaluation indicators 79.13% are in the high category, explanation indicators are 52.86%, and indicators self- 

regulation 49.20% which means both are in the very moderate category. So, it can be concluded that the 

evaluation indicator has the highest percentage compared to other indicators. This means that in this indicator, 

students were able to provide solutions or write solutions to problems that were known to be true and 

appropriate. Meanwhile, the other five indicators are in the medium category. This happened because most of 

the students were able to answer the questions, but they were not quite right. They did not understand the 

meaning of the information provided, had not been able to describe and provide further explanations so that 

the responses given from the assumptions were incomplete and inaccurate in drawing a conclusion.  
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7. Large-Scale Test 

The following are the results of responses from 107 respondents to the developed instrument. 

Table 7. Student Response Results 

Criteria Amount Percentage (%) 

Very worthy 29 27.10 

Worthy 78 72.90 

Enough  - - 
Not Worthy  - - 

Not feasible  - - 

 

Based on the Table 7, the three classes of XI MIPA gave a positive response. A total of 29 respondents 

stated that the product developed was very feasible to use and 78 other respondents stated that it was feasible to 

use. So, it can be concluded that 100% of students stated that the instrument developed was feasible and even 

very feasible to be used as an evaluation tool to measure students' critical thinking skills.  

Table 8. Critical Thinking Skills Test Results 

Ability interval (%) Category Amount Percentage (%) 

80 < X ≤ 100 Very High 18 16.8 

60 < X ≤ 80 High 56 52.3 

40 < X ≤ 60 Moderate 25 23.3 

20 < X ≤ 40 Low 8 18.6 

0 < X ≤ 20 Very low - - 

 

Students who have critical thinking skills in the high to very high category mean that these students 

have met the six critical thinking indicators and are able to answer questions well. Judging from the test results, 

students were able to identify known problems in the questions, could describe and link concepts with questions 

from the questions given correctly and provided complete explanations or reasons so as to obtain the correct 

answers. In addition, they were also able to draw conclusions well. 

Furthermore, students whose critical thinking skills are in the medium category means that most of 

them have been able to answer questions but there are some of the six critical thinking indicators that have not 

been met or have not been answered correctly. Another reason was because most of the students had met all the 

indicators but there were some questions that scored not maximal. Meanwhile, critical thinking skills with low 

or very low categories were caused by students not being able to solve problems from the questions given and 

not giving proper explanations. Students who are in the low category only meet 2 or 3 of these critical thinking 

indicators and the scores obtained from all questions are relatively minimal. 
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Table 9. Critical Thinking Achievement Per Indicator 

Indicator Percentage per 

indicator (%) 

Category 

Interpretation 73.8 High 
Analysis 69 High 

Inference 60.6 High 
Evaluation 72 High 

Explanation 65.4 High 
Self regulation 52.5 Currently 

 

Based on Table 9, it can be seen that the three classes on indicators of interpretation, analysis, inference, 

evaluation, explanation are in the high category. Meanwhile, for self-regulation indicators, the three classes are 

in the medium category. Based on the description above, it could be seen that the critical thinking skills of each 

student are different. These differences are certainly influenced by many factors, including physical conditions, 

anxiety, intellectual development, motivation, habits, experience, consistency and feelings. These factors can 

increase or decrease a person's critical thinking ability (Sutriyanti & Mulyadi 2019).  

Research by Samadya & Dahlan (2020) states that learning motivation has a very strong relationship 

with critical thinking skills. Students with high learning motivation have high critical thinking skills, students 

with moderate learning motivation, have moderate critical thinking skills, as well as students with low learning 

motivation, their critical thinking skills are also low. Students who have low learning motivation and low 

critical thinking skills have less interest in questions based on problem solving, do not like challenges so that 

their insight is limited, and they do not understand what is being asked in the questions as a result their 

answers are incomplete and illogical. 

CONCLUSIONS  

The research shows that the critical thinking skills test instrument developed on the human excretory 

system concept for high school students is feasible to use based on the results of expert validation tests, small-

scale tests and field tests. The critical thinking skills of SMA Negeri 1 Juwana students measured by the 
developed instrument are in the high category.  

 Based on the results obtained from this research, some suggestions can be put forward as follows: 

based on the results obtained from this study, it is suggested that teachers should develop test instruments in 

order to train students' critical thinking skills with appropriate methods in ongoing learning activities to 

improve students' critical thinking skills. In addition, teachers could also provide practice questions more 

often, such as this developed test instrument so that students' critical thinking skills could be measured 
properly. 
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