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Abstract. Learning media must be followed the curriculum, accommodate learning activities, and provide an appropriate
evaluation. The research objective was to determine the validity and reliability of the instrument for assessing the
effectiveness of multimedia to promote critical thinking skills. A research method is a quantitative approach with a
survey design. The study was conducted on 26 Biology Education students of IKIP Budi Utomosamples that were taken
at least 20% of the population, 26 participants were taken more than 20% of a total of 82 students. The research
instrument was a validation sheet for critical thinking skills assessment and 15 multiple choicesto test the understanding
of the cardiovascular system. The validity and reliability data were analyzed using Anates Software. The results showed
that the validity of the test instrument met the feasible criteria. The reliability value of the test instrument is 0.65 with a
standard deviation of 2.84 which meets the high-reliability criteria. The distinctive power of the test instrument consisted
of 20% poor, 26% criteriasufficient, and 53,33% very good. The level of difficulty of the test was 1 question categorized
asvery difficult, 7 difficult, 5 moderate, and 2 questions werevery easy. Based on these results, the test instrument to
measure students' critical thinking skills can be used as a reliable measuring tool in SETS-based multimedia in the human
anatomy course.
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INTRODUCTION

The development of science and technology will have an impact on education today. Students are required to
understand concepts and be able to apply the knowledge they have learned to solve problems. Students are required
to find and choose the correct and current sources of knowledge.(Zubaidah, 2016). Current education must be able
to focus on helping students learn how to learn so that they can see opportunities in information, technology, work,
and social conditions(Barron & Chen, 2008).

Critical thinking skills cannot be developed if learning is still focused on the lecturer. Lecturers must have an
understanding that each student can learn actively and find concepts independently and provide flexibility for
students to solve problems from various points of view to find a solution (Chee et al., 2009). It needs a special
understanding for lecturers to be able to create learning that can build students' critical thinking skills. The results of
research on teachers' perceptions of students' critical thinkingshowed that many teachers found it difficult to develop
critical thinking skills in the learning that they were carrying (Chee et al., 2009).Critical thinking skills can be
developed through innovative learning to understand problems and solve them logically(Walid et al., 2019). The
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results of observations in learning the human physiology anatomy subject showed that at the time of evaluation, the
research instrument had not been analyzed by the provisions to produce the right measuring instrument.

Innovative learning activities are inseparable from several components such as learning tools and supporting
facilities. Learning tools include semester learningplans, evaluation instruments, and teaching materials. Forms of
teaching materials that are relevant to education today do not only contain the material being taught but must meet
the aspects of teaching as a complete set of learning tools (Hidayati & Irmawati, 2019).However, some teaching
materials that have been developed still do not pay attention to the evaluation aspect or teaching materials as a
measuring tool for the assessed aspects as seen in the test instruments that have not been tested first. Several
teaching materials have been developed to build critical thinking skills, for example in the development of teaching
materials to improve critical thinking skills(Mujiyati et al., 2019)and(Susilowati et al., 2018)which is not equipped
with an analysis of the test instruments used. Several other studies examined the test instrument and the feasibility of
questions as an evaluation tool(Fatimah et al., 2016)and(Hamdi et al., 2018)but were still not equipped with
supporting material for learning activities. Based on the description above, this study aims to determine the results of
the test instrument analysis to measure critical thinking skills used in multimedia.The instrument developed in this
study is following the indicators of critical thinking skills and the needs of the human anatomy and physiology
course.

METHOD

The research followed the quantitative approaches with the survey design aims to validate the instruments. The
research subjects were 26 students in the Biology Education study program. The sampling technique uses random
techniques.The population in this study was 82 students and the sample was taken at least 20% of the total
population. 26 students involved in this study more than 20%.The research instrument used was a validation sheet
and instrument to measure critical thinking skills consisted of 15 multiple-choice questions.The instrument used to
measure critical thinking skills consists of 15 multiple choice questions Validity and reliability data were analyzed
using Anatest and SPSS software. Anates is used to analyze multiple-choice and essay tests without calculating or
formulating. Anates can produce outputs in the form of validity, reliability, level of difficulty, discriminatory
questions, and distractors in multiple-choice tests.The results of the reliability, validity, difficulty level, and different
power were analyzed descriptively. The qualityfor the content validity was determined based on five categories as
follows: 1 - 1.5 very nonvalid, 1.6 - 2.5 nonvalid, 2.6 - 3.5 less valid, 3.6 - 4.0 quite valid, and 4,1 - 5 valid (lhsan,
2015).

RESULT AND DISCUSSION

The data obtained from the research were the validation of content and constructs from experts, namely the
Educational Evaluation Lecturer from the Biology Education Study Program, and the data from the analysis of the
questions that had been tested on 26 Biology Education Study Program students who had taken the Anatomy
Physiology course. The research data obtained are in the form of content and construct validity from experts,
evaluation lecturers, and data from the analysis of questions that have been tested on 26 Biology Education Study
Program students who have taken the Anatomy Physiology course. Human. The results of the construct validity can
be seen in Table 1.

Table 1. Results of Test Instrument Construct Validation
Critical Thinking Skill
Indicator

Identify the structure and function of the blood, blood Evaluation (CTS3)
vessels, and heart (Subcourse LO 1) Analysis (CTS 2)
Interpretation (CTS 1)

Explanation (CTS 5)
Analysis (CTS 2)
Inference (CTS 4)
Analysis (CTS 2)
Comparing the circulatory mechanisms in humans Inference (CTS 4)

Indicators on Subcourse Learning Outcomes Question Number
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Critical Thinking Skill

Indicators on Subcourse Learning Outcomes Question Number

Indicator

(Subcourse LO 2) Inference (CTS 4) 9
Explanation (CTS 5) 10

Analysis (CTS 2) 11

Identify the type of blood group (Subcourse LO 3) Explanation (CTS 5) 12
Inference (CTS 4) 13

Describe the disorders and diseases of the Explanation (CTS 5) 14
cardiovascular system (Subcourse LO 4) Analysis (CTS 2) 15

The results of the construct validation show that each indicator in the sub-course learning outcomes shows that
each indicator has been included in the question. The number of questions on each sub-indicator of subject learning
outcomes is not the same because it is following the breadth and depth of the material being learned. For example,
the sub-learning achievement indicator in subject number 1 is presented with 7 questions because the sub course
LO1 indicator discusses the structure and function of the blood, blood vessels, and heart wherein this material, if
described will discuss blood components and characteristics of blood cells and their functions, the type, and function
of the arteries, veins and capillaries as well as the characteristics and mechanisms of action of the heart. The amount
of material that students must master in the LO1 sub-course, the number of questions that represent them is also
more than the indicators in other LO sub-courses.

Indicators of critical thinking skills used in composing questions use five indicators of critical thinking skills
adapted from Fascione. In the developed questions, it can be seen that the distribution of indicators of critical
thinking skills, although the numbers are not the same because it follows the suitability of the LO sub-course on the
cardiovascular system material.Indicator of critical thinking skills (CTS) 1 on 1 question, CTS 2 is spread over 5
questions, CTS 3 on 1 question, and CTS 4 on 4 questions, and CTS 5 on 4 questions. The dissimilarity of CTS
distribution is carried out by prioritizing the conformity aspect of the LO sub-course used. Based on the construct
validation, it can be said that the questions developed are appropriate if they are used to measure students' critical
thinking skills.

A good question is obtained from the use of indicators developed in this case critical thinking skills that are
tailored to the learning outcomes in the curriculum used. Test instruments must be developed following the stated
objectives because not all tests meet the appropriate standards, therefore the lecturer must be able to compile an
appropriate instrument(Kereh et al., 2015).The similar expressed the importance of the development of the relevant
test instrument to measure critical thinking skills following the criteria of reliability and validity as a measurement
tool.(Fatimah et al., 2016). To be able to access critical thinking skills, it is necessary to prepare various things
related to learning, not only material but also assessment to develop and assess critical thinking skills so thatmust be
well arranged (Chee et al., 2009).

The next step is to validate the content assessed by the expert. The summary results of the test instrument
validation from the experts are presented in Table 2 below.

Table 2. Summary of Content Validation Results by Experts

No The aspect of The Assessment Deskripsi Tiap Aspek Value
1  Relevance and Representation Conceptual definition 5
2 Operational definition 5
3 Scoring scale 5
4 Instrument Functions 5
5 Instructions for respondents 4
6 Representation of the number of items 4
7 Answer format 5
8 Drilling 5
9 Population sample 5
10 Time 5
Average results: 4.8 with valid criteria
1  The accuracy between the questions Evaluation (CTS3) with question no 1 5
2 and indicators of critical thinking Analysis (CTS 2) with question no 2 5

3 skills Interpretation (CTS 1) with question no 3 4
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No The aspect of The Assessment Deskripsi Tiap Aspek Value
4 Explanation (CTS 5) with question no 4 5

5 Analysis (CTS 2) with question no.5 5

6 Inference (CTS 4) with question no 6 5

7 Analysis (CTS 2) with question no.7 4

8 Inference (CTS 4) with question no. 8 5

9 Inference (CTS 4) with question no.9 4
10 Explanation (CTS 5) with question no 10 5
11 Analysis (CTS 2) with question no.11 5
12 Explanation (CTS 5) with question no.12 5
13 Inference (CTS 4) with question no.13 4
14 Explanation (CTS 5) with question no 14 5
15 Analysis (CTS 2) with question no.15 5

Average results: 4.7 with valid criteria

1  Suitability of the question with Subcourse LO 1 with question no 1 5

2 learning outcomes Subcourse LO 1 with question no 2 5

3 Subcourse LO 1 with question no 3 5

4 Subcourse LO 1 with question no 4 5

5 Subcourse LO 1 with question no 5 5

6 Subcourse LO 1 with question no 6 5

7 Subcourse LO 1 with question no 7 5

8 Subcourse LO 2 with question no. 8 5

9 Subcourse LO 2 with question no 9 5
10 Subcourse LO 2 with question no 10 5
11 Subcourse LO 2 with question no 11 5
12 Subcourse LO 3 with question no 12 5
13 Subcourse LO 3 with question no 13 5
14 Subcourse LO 4 with question no 14 5
15 Subcourse LO 4 with question no 15 5

Average results: 5 with valid criteria

Content validations show the average with valid criteria. VValid criteria are obtained from each aspect assessed to
the expert regarding the test instrument used.The first aspect that is of relevance and representation discusses the
conceptual definition and operational questions that are developed, the scale of assessments, the function of the
instrument, the instructions to the user, the representation of the number of items in question with the achievements
of learning courses, the format of the answer, engineering scoring, sample and population used to test the questions
developed and the timing of the test.The tests carried out on students who have taken human anatomy and
physiology courses, this is done to determine the relevance of the questions and retention of student-owned. The
second aspect that is measured is the accuracy of the grammar and sentences seen from the use of operational verbs
from the indicators of students' critical thinking skills as outlined in the composition of the questions.For example,
the suitability of question number 1 with the CTS 3 indicator is evaluated. So that the questions developed are
appropriate and can be used to measure students' critical thinking skills. The third aspect is the suitability of the
questions to the theory, in this section, an analysis of the suitability of the preparation of questions and the learning
outcomes of the course is carried out so that the questions made can be used as a measuring tool to determine
students' understanding of concepts.

Content validation is carried out to generate good questions to be used as an appropriate measuring tool. The
feasibility of the assessment as a test instrument to measure a process and learning outcomes must go through the
validity stage both in content and construct(Walid et al., 2019). The results of the content validity of the experts
show good results with valid criteria, so the assessment developed can be used as a test instrument. This test can be
used as an appropriate independent measuring tool(Van Lankveld et al., 2017). The next stage is to test the
processing of questions by students. Student scores were obtained from the test results shown in Table 3.
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Table 3.TheScore Results Obtained by Students at the Time of Test Question Items

No Student No Initial Student Total Score No Student No Initial Student Total Score
1 22 WHY 11 14 18 ENH 4
2 6 FNT 10 15 19 YHB 4
3 7 LSM 9 16 25 ATP 4
4 10 FZN 9 17 4 DRA 3
5 14 DYS 9 18 20 FSM 3
6 5 MET 6 19 2 FSU 2
7 13 ETP 6 20 8 APM 2
8 26 DLK 6 21 9 RDJ 2
9 12 OTF 5 22 16 MIP 2
10 1 AUT 4 23 21 MNM 2
11 3 LSM 4 24 23 EDM 2
12 11 NIM 4 25 24 HMW 2
13 17 KWK 4 26 15 MLK 1

Average: 4.62, Standard Deviation: 2.84

The results of the tests conducted by 26 students with 15 questions answered on the cardiovascular system
material in the human physiology anatomy subject obtained a mean score of 4.62. Values obtained for most of the
students are still low, it shows students still have difficulty in answering the questions presented. Students passed if
it gets a value of at least 8. Therefore, it is necessary to test the instrument before it is used in the evaluation. Testing
the test instrument was used to determine the accuracy, consistency, and persistence of a question. The test
instrument must be tested on another group with the same characteristics before the instrument is given to the actual
class(Kereh et al., 2015).The low value obtained when testing the test instrument is usually caused by the reliability
of the test instrument with moderate or sufficient criteria(Puspitasari et al., 2019).

Student scores from the trial activity will be analyzed using SPSS to obtain validity data and Anatest to obtain
the value of reliability, discriminating power, and the level of difficulty of the items. The results of the analysis are
presented in Table 4 below.

Table 4. Test Results of Question Items using Anatest and SPSS

No  The results of the Criteria Distinguishing Degree of Correlation Significance

validity of the test (SPSS) Power difficulty (Anatest) (Anatest)
(SPSS) r count (Anatest) (Anatest)

1 0,357 Valid 28,57 Difficult 0,403 -

2 0,072 Less Valid 28,58 Moderate 0,081 -

3 0,202 Less Valid 28,59 Difficult 0,177 -

4 0,720 Valid 71,43 Difficult 0,698 Very Significant

5 0,451 Valid 57,14 Difficult 0,426 -

6 0,425 Valid 42,86 Difficult 0,426 -

7 0,233 Less Valid 14,29 Difficult 0,208 -

8 0,776 Valid 85,71 Very easy 0,749 Very Significant

9 0,606 Valid 57,14 Very easy 0,600 Significant

10 0,437 Valid 42,86 Difficult 0,436 -

11 0,420 Valid 28,57 Moderate 0,390 -

12 0,293 LessValid 14,29 Moderate 0,341 -

13 0,107 Less Valid 14,29 Very Difficult 0,099 -

14 0,556 Valid 71,43 Moderate 0,607 Very Significant

15 0,553 Valid 85,71 Moderate 0,509 Significant

XY Correlation: 0.48, Results Reliability: 0.65 (Moderate)

Based on the data obtained from the analysis using SPSS, it is known that the validity value of the questions
made is in the valid and less valid categories. Valid and less valid criteria are obtained by comparing r count with r
table (the provision of r table with the number of subjects 26 is 0.3172).The item question is valid if the value of r
count greater than r table. So the percentage of items that otherwise valid questions amounted to 66.67% (10
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questions) and 33.33% (5 questions) with less valid criteria. on items with fewer criteria, the valid question would be
improved by changing the grammar and replace with a new question.Validity is very important in the preparation of
test instruments because the results are used as a measure of the suitability between the questions and the material.
(Mahirah et al., 2016). Good validity results also indicate the good quality of the questions on the test instrument to
measure students' abilities following the specified domains or aspects(Mokshein et al., 2019). Validity is one of the
requirements that a test instrument must have as an indicator that a test gives almost the same results as a test(Baily
etal., 2017).

The reliability value of the final test results is 0.65 which means that the items have medium reliability. a test
instrument with a moderate reliability value can be used as a measuring tool in a test. The significance value is
obtained by comparing the correlation value of the question items with the total correlation value. The total
correlation value in the analysis results is 0.48. The correlation value of each question item is categorized as
significant or very significant if the correlation value of each question item is greater than the total correlation value
of the instrument. The significance of the question item shows that the 3 questions with the criteria are very
significant in questions 3, 8, and 14 and these criteria are significant in questions number 9 and 15.Based on the
findings above, the test instruments that have been tested fulfill the validity and reliability aspects. The instrument
used to measure thinking skills must have good validity and reliability to be used(Walid et al., 2019).The test
instrument developed in the form of a multiple-choice test can be used as a test instrument because it meets the
validity and reliability aspects. Multiple-choice questions have high reliability and consistency(Zhongshannvga,
2007). A reliability test is used to determine the reliability or consistency of the instrument seen from the test results
which are almost the same in the same conditions(Baily et al., 2017).Even though the reliability value of the test
instrument that has been tested is in the sufficient category, the test instrument can be used provided that
improvements have been made. The reliability of the instrument can be increased by increasing question items that
have high consistency or reducing question items with low consistency (Puspitasari et al., 2019).

The result of the next analysis is the distinguishing power of each item. The criteria for the distinguishing power
of the test instrument include, if the diversity index value is > 0,40 then it is considered very good, if it is at a score
of 0,30 — 0,39 then it is categorized as good if 0,20 — 0,29 is considered sufficient, and if the value of D < 0,19 is
included in the bad criteria(Kereh et al., 2015). The distinguishing power with bad criteria is 20% with 3 questions
on numbers 7, 12, and 13. The distinguishing power with criteria is 4 questions sufficient of 26.67% with the
distribution of questions number 1, 2, 3, and 11. Distinguishing power with criteria Very good as many as 8
questions with a percentage of 53,33% spread over questions number 4, 5, 6, 8, 9, 10, 14, and 15. Based on these
findings, questions with poor and sufficient criteria will be corrected. The test instrument must be known for its
distinguishing power to determine the difference between the high and low ability groups (Kusumawati & Hadi,
2018). The distinguishing power of the questions is obtained from the contents of the test instrument itself. The test
form used in this instrument is multiple choice. In a multiple-choice test, it must contain one correct answer, have a
plausible trick, the alternative answer length must not give a clue to the answer, and the correct answer must appear
in every alternative answer(Kumar et al., 2016).

The results of the analysis of the difficulty level value obtained 6,67% with very difficult criteria on question
number 13. 46,67% fulfilled the difficult criteria which were spread over 7 questions on numbers 1, 3, 4, 5, 6, 7, and
10 of moderate criteria from 33,33% as many as 5 questions on numbers 2, 11, 12, 14, and 15. The level of difficulty
with very easy criteria is 13,33% as many as 2 questions on numbers 8 and 9.The items developed have different
levels of difficulty and are scattered throughout the test instruments used. Based on the analysis results, the
distribution of the level of difficulty on the test instrument can be said to be almost even. A good test item must have
a balance of poor difficulty with a very good difference of 20% each. (Kusumawati & Hadi, 2018). The difference in
the difficulty level of each item can be caused by the placement of the types of questions and their order, the
placement of the questions that are not appropriate can result in the test results obtained by students.(Debeer &
Janssen, 2013).The test instrument that has gone through the trial phase and the value of validity, reliability,
differentiation, and difficulty level is known with sufficient to good criteria, it can be said that the instrument can be
used as an appropriate measuring tool (Buzi et al., 2019). A test instrument that has gone through many item
analysis questions can be stated as an appropriate measuring tool(Lia et al., 2020)and instruments can be used in
learning(Hamdi et al., 2018).
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CONCLUSION

The test instrument developed for multimedia human physiology anatomy has met the appropriate criteria to be
used as a measuring tool for students' critical thinking abilities. This can be seen in the value obtained from the
results of the content validity by the expert which shows the valid criteria even though the reliability results are still
in the medium category. The differentiation of the distinguishing power of the test instrument is divided into the
criteria of poor, sufficient, and very good, while the difficulty level of the test instrument is categorized as very
difficult, difficult, moderate, and very easy. The test instrument will be used in the human physiology anatomy
course in the next semester.
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