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Learning demands that students not only memorize facts but also 
understand concepts in depth to be able to accurately represent 
scientific phenomena. This research aims to produce a valid 
assessment of concept mastery and representation skills. This research 
used descriptive quantitative method with a total of 60 Grade XI 
students who had received nervous system material. The validity 
instrument test of concept mastery and representation skills were 
analyzed based on logical validity and empirical validity. The results of 
the logical validity of concept mastery questions by expert validator 
lecturer of 92.69% and biology teacher of 100% indicate that this 
instrument is highly valid to measure student understanding of 
nervous system material. The results of the logical validity of the 
representation skills question by expert validator lecturer of 73.10% 
and biology teacher of 100% indicate that the test instrument is valid 
to measure students' representation skills, but moderate revisions are 
needed. On the other hand, results of empirical validity show that 
multiple choice questions have a validity of 0.56 and reliability of 0.72, 
while essay questions have a validity of 0.46 and reliability of 0.63. 
Thus, the instruments test of concept mastery and representation 
skills of nervous system material fall into the moderately valid to 
highly valid category. 
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INTRODUCTION 

Education is an important factor in nation building, focusing on improving the quality of 

human resources through effective learning (Sukmayadi & Yahya, 2020; Husna et al., 2023). In the 

domain of science, learning requires students not only to memorize facts but also to understand 

concepts deeply (D'Alessio et al., 2019; Dring, 2019; Sidiq et al., 2021). In depth concept 
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understanding includes factual, conceptual, and procedural understanding displayed in various 

modes of representation (Krathwohl, 2002; Orina et al., 2022; Cindiati., 2021). Representation 

skills in biology learning are one of the important aspects that help students understand concepts 

deeply through various forms, such as diagrams, tables, graphs, and causal reasoning 

(Edelsbrunner et al., 2023; Fatmawati et al., 2024; Kim & Park, 2024; Bizimana et al., 2022). 

Facts in the field show that learning in schools has not empowered students' ability to 

represent a concept (Harmain, 2021; Natalia et al., 2023). Students have difficulty in understanding 

various biological concepts that are abstract, complex, and interrelated with each other, one of 

which is nervous system material. Nervous system knowledge is part of the concept of 

neuroscience and the relevance of nervous system knowledge in society (Kvello & Gericke, 2021). 

Based on the results of the preliminary study analysis of class XI at SMAN 5 Bandung using essay 

questions on nervous system material according to the three aspects of representation skills, 

namely conceptual, reasoning, and mode, the average score was 51. 

The results of preliminary study analysis on conceptual aspects show that 40% of students 

apply context from one domain to another knowledge domain by explaining the relationship 

between the two domains to scientific phenomena. Concept mastery is marked by the ability to 

integrate knowledge in the thinking process and daily life (Kadarusman et al., 2020; Bosch et al., 

2021). The reasoning aspect shows that 68% are able to explain concepts deductively from one 

form of representation. The results of Luzyawati et al. (2020) stated that students' scientific 

reasoning ability in essay tests was in the moderate category. Furthermore, mode aspect shows that 

34% of students are able to convert information into visual representations such as tables. The 

findings of Akbar & Delvira (2022) stated that students' skills in creating tables and graphs in 

biology learning were moderate. 

Previous research shows that students who are not trained in representation skills have 

difficulty in identifying and analyzing various forms of representation (Natalia et al., 2023; Utami 

& Subiantoro, 2020; Fenwick & Unsworth, 2022). Understanding of scientific concepts is formed 

from the interaction between internal and external representations, where external representations 

assist the cognitive process in understanding abstract concepts (Munfaridah et al., 2021; Natalia et 

al., 2023). According to this, multiple representations provide flexibility for teachers to adapt 

materials to student learning needs so that concept understanding is more optimal (Diani et al., 

2024). 
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Related research emphasizes that multiple representations in science learning promote 

students' conceptual understanding, representation skills, and learning motivation (Bologna et al., 

2022; Alsalhi, 2020; Zhou et al., 2017). Multiple representations allow students to represent the 

same concept through various forms, such as visual (diagrams, graphs, tables) and figurative 

(analogies and metaphors) (Adelia et al., 2023). Utilization of various representations is important 

in learning biology because it adapts learning to diverse learning styles (Diani et al., 2024; Cheng 

& Gilbert, 2015; Ke et al., 2021; Lestari et al., 2023; Syahri et al., 2021). Visual representations, 

such as graphs and diagrams, as well as causal reasoning, help students discover the relevance of 

biology to everyday life (Altindis et al., 2024). Thus, encouraging active engagement in learning 

that results in increased competence and learning satisfaction (Alsalhi, 2020). 

Assessment evaluation in biology learning, especially on nervous system material, needs to 

be adjusted to competency achievements due to the complex and abstract nature of the material 

(Rachmaningsih & Purnomo, 2024). Objective concept mastery assessment can be done through 

multiple choice questions (Edelsbrunner et al., 2023). Meanwhile, representation skills are 

evaluated through open-ended test questions that allow students to show analysis and processing 

of information (Zubaidah et al., 2018; Nedjat-Haiem & Cooke, 2021). The essay test application 

provides space for students to express written and visual representations in more depth (Fenwick 

& Unsworth, 2022). 

Based on empirical data and facts in the field, biology teachers in schools do not develop 

their own biology assessments but only adjust the items to the material being taught. Teachers also 

rarely use essay questions, so that students' skills in representing concept understanding are less 

honed. Therefore, an instrument in the form of a written test is needed as an effort to improve 

concept mastery in facilitating students' representation skills on nervous system material. This 

article will conduct research entitled “Evaluation of Concept Mastery and Representation Skills 

Assessment in High School on Nervous System Material”. 

RESEARCH METHODS 

This research uses descriptive quantitative research methods with a cross-sectional design 

(Sugiyono, 2022). The main reason researchers use cross-sectional descriptive quantitative 

methods is because researchers want to describe a phenomenon, without making changes, and test 

cause and effect with one-time data collection. For this case, the researcher only focuses on the 
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validity and reliability of the written test instrument for concept mastery and representation skills 

of human nervous system material based on empirical data at one time. 

The population in this research were all students in grade XI of SMA Negeri 78 Jakarta in 

the 2024/2025 academic year who had learned the material of the nervous system. The sample 

consists of 60 students from classes XI-C and XI-D, selected using convenience sampling based 

on the recommendation of the biology teacher at the school. The selection of these two classes 

was based on their academic performance in the moderate to high categories. Class XI-E was not 

included in the study due to its low academic performance, which could potentially affect the 

accuracy of the empirical validity of the test instrument. 

Even though the sample size is relatively small for a cross-sectional research design, a 

sample size of 60 students is considered adequate. This is in line with the principle of construct 

validity and minimum sample size guidelines for medium effect detection as described by Cohen 

(1988) that exploratory research with a focus on item stability and validity can use small samples, 

as long as the sample characteristics are sufficiently representative of the target population. 

The selection of the research location at SMA Negeri 78 Jakarta, different from the 

preliminary study analysis location, was motivated by the conditions in the field. This is because 

most of the eleventh-grade students in Bandung have not learned the nervous system material and 

the XII grade cannot be involved because they have completed the final exam. The consideration 

was made to avoid delays in research activities in the development of test instruments, so that they 

could be carried out in a timely manner and relevant to the research objectives. 

The instruments used in this research are written test instruments in the form of multiple 

choices questions and essay questions. Multiple choice questions amounted to 18 items to measure 

mastery of concepts adapted to the number of learning objectives of the cognitive dimension. 

Essay questions amounted to 14 items representing 7 indicators of representation skills adapted 

from Schönborn & Anderson (2009). The measurement framework of the dependent variable can 

be seen in Table 1. 

Table 1. The measurement framework of the dependent variable 

Variable Measurement Aspects 
Form of Test 

Instrumen 

Number of 

Items 

Concept 

Mastery 

Learning Objectives: 
1. Analyze the structure and function of the 

constituents of the nervous system in a 
phenomenon about the mechanism of nerve 

Multiple Choice 3 items 
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Variable Measurement Aspects 
Form of Test 

Instrumen 

Number of 

Items 

impulses that occur in the human body 
through visual representation (picture or 
table). 

2. Analyze the nervous system in visceral organs 
through visual representation of a 
phenomenon. 

Multiple Choice 3 items 

3. Analyze the response of the nervous system 
to internal and external stimulus in the human 
body through visual representation (schematic 
of nervous system pathways) of a 
phenomenon. 

Multiple Choice 3 items 

4. Analyze cases of disorders involving neuronal 
activity associated with the structure and 
function of neuron in the human body 
through visual representation (table). 

Multiple Choice 3 items 

5. Analyze the changes in visual representation 
of a concept of disorders and disorders of the 
nervous system that occur in society. 

Multiple Choice 3 items 

6. Analyze cases of impaired function of the 
constituents of the nervous system to solve 
problems through the application of new 
external representation. 

Multiple Choice 3 items 

Representation 

Skills 

Indicators: 
1. Conceptual 

Essay 2 items 

2. Conceptual-Mode Essay 2 items 

3. Reasoning Essay 2 items 

4. Reasoning-Conceptual Essay 2 items 

5. Reasoning-Mode Essay 2 items 

6. Mode Essay 2 items 

7. Conceptual-Reasoning-Mode Essay 2 items 

Total 32 items 

 

The research procedure carried out consists of two phases, namely the preparation phase 

and the implementation phase. The preparation phase includes creating test questions, revising the 

results of guidance based on comments and suggestions from the supervising lecturer, revising the 

results of logical validity based on the assessment of biology education lecturers and high school 

biology teachers, and obtaining permission to conduct the research. The implementation was 

conducted offline over two days, on Monday April 21 and Wednesday April 23, aligned with the 

school's biology class schedule of 90 minutes. The implementation is adjusted to the biology 

learning hours at SMA Negeri 78 Jakarta even semester of the 2024/2025 school year, which is 

approximately 90 minutes. The test was divided into two sets of questions, set A assessing 
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conceptual understanding for 45 minutes and set B assessing representation skills for 45 minutes. 

The following is a description of each phase of the research.  

Preparation Phase 

The prepartion phase described in more detail in this study includes the logical validity 

phase of the instrument. Logical validity aspect testing was conducted by two validators, namely 

university lecturers as biology education practitioners and high school biology teachers. Although 

the two validators focused on different perspectives, biology education practitioners focused on 

the accuracy of the nervous system concept, the suitability of the questions with the learning 

objectives, and the indicators of representation skills. Meanwhile, the high school biology teacher 

focused on the clarity of the question wording, the level of difficulty, and the usefulness of the 

questions. Nevertheless, both validators comprehensively assessed the three main aspects of 

logical validity, which are content validity, construct validity, and language aspect. 

Content validity aspect includes the overall subject matter, which covers the assessment of 

the suitability of stimuli in each question, whether the items support the achievement of learning 

objectives and skills indicators comprehensively, whether the questions are able to measure 

conceptual understanding and representation skills, and whether the level of difficulty of the 

questions is appropriate for the cognitive abilities of high school students in phase F. 

The construct validity aspect assessed by expert judgment includes the arrangement of items 

that covers the suitability between the questions in each item and the learning objectives and 

representation skills indicators, the clarity of the stimulus, the logicality of the answer options, and 

the suitability of the answer keys with the questions. The research by Jin-Hee & Jeung-Im (2021) 

indicates that expert assessment is still recognized as part of the validation process. Expert 

judgment on the structure of the items can be used as preliminary evidence of construct validity 

logically, before conducting statistical tests using Confirmatory Factor Analysis (CFA) to 

determine whether the indicators within the variable remain consistent within that variable or not. 

Language aspect evaluated to ensure clarity, avoidance of ambiguity, and alignment with 

the General Guidelines for Indonesian Spelling (PUEBI), without requiring readability tests. This 

procedure aligns with Hidayati et al. (2023), who affirm that expert assessment of sentence 

structure and stimuli contributes to logically valid content and construct validation in instrument 

development. Logical validity is calculated using the formula listed below. The analysis of logical 

validity criteria refers to Akbar (2013), which can be seen in Table 2. 
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Percentage score of validation results (%) =  
acquisition score

maximum score
 x 100

 

 

Table 2. Criteria Logical Validity 

Percentage (%) Criteria Description 

81-100 Highly valid Can be used without revision 

61-80 Valid Minor revision 

41-60 Less valid Major revision 

25-40 Not valid Not allowed to use 

Akbar (2013) 

Implementation Phase 

In the implementation of the written test, which consisted of multiple choice and essay 

questions, researchers minimized potential bias by ensuring that all students completed the test 

individually under the direct supervised of biology teachers and researchers in the classroom. In 

addition, students received clear instructions before test, include guidance to complete either odd 

nor even numbered essay questions. Clear instructions help ensure that students' answers reflect 

their personal understanding, rather than the result of group discussions or online searches (Rawe 

et al., 2025). These control measures aim to maintain the internal validity of the data collected. 

The results of written tests taken by 60 students in two classes were used to test the 

empirical validity of the two test instruments that had been developed. Empirical validity was used 

to test the written test instruments for mastery of concepts and representation skills in students 

who had studied the nervous system. Empirical validity was tested using the Pearson product 

moment correlation that looking at the rXY value or seeing the correlationXY value in the Anates 

calculation results. Empirical validity analysis uses the help of Anates Version 4.05 software. 

Correlation values can be analyzed using the test validity criteria based on Arikunto (2013), as 

shown in Table 3. 

Table 3. Criteria Empirical Validity of Questions 

Validity Score Criteria 

0.80-1.00 Very high 

0.60-0.80 High 

0.40-0.60 Moderate 

0.20-0.40 Low 

0-0.20 Verylow 

 Arikunto (2013) 
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RESEARCH RESULT 

Logical Validity of Concept Mastery Questions 

The logical validity of concept mastery questions was tested by two validators, namely 

biology education practitioners and high school biology teachers. The results of the logical validity 

of concept mastery questions in the form of 18 multiple choice questions can be seen in Table 4. 

Table 4. Results of All Item Logical Validity of Concept Mastery Questions 

Assessed Aspects Total Expert 

Validator Score 

Total Biology 

Teacher Score 

Content Aspect 

Stimulus in the form of information, illustration schemes, 

tables, graphs, or text on each item directs students to analyze. 

72 72 

Stimulus in the form of information, illustration schemes, 

tables, graphs, or text on each item used to provide context to 

the question supports the achievement of the 6 learning 

objectives of nervous system material with the help of various 

representations integrated with the learning cycle 5E. 

54 72 

The questions are able to measure the level of understanding of 

students' knowledge related to nervous system material. 

72 72 

The questions have a level of difficulty that is in accordance 

with the cognitive abilities of high school students in phase F. 

72 72 

The information, tables, graphs, or text used in each question 

item are continuous with the question given. 

71 72 

Question Item Arrangement Aspect 

Illustration schemes, tables, graphs, or text are presented clearly. 54 72 

The questions are clearly formulated. 54 72 

The questions are not easy to guess. 72 72 

The answer options on each item are logically organized. 72 72 

The answer key is according to the question asked. 72 72 

The answer key does not show a specific pattern of answers so 

that it is easy for students to guess. 

72 72 

Possible problems to solve. 70 72 

Language Aspect 

The editorial on each question item uses good and correct 

Indonesian, communicative, and clear so that it does not cause 

double interpretation. 

54 72 

The editorial of each question item uses writing, spelling, and 

punctuation in accordance with the General Guidelines for 

Indonesian Spelling (PUEBI). 

72 72 

The stimulus used in each question item uses terms that can be 

understood by students. 

68 72 

Acquisition Score 1001 1080 

Maximum Score 1080 1080 

%=(Acquisition Score / Maximum Score)×100 92.69 100 

Criterion Highly Valid Highly Valid 
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Table 4 provides an overview of the overall logical validity of the test items for concept 

mastery by both validators, which falls under the “Highly valid” criterion. However, since the 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) value obtained was 0.466 < 0.50, 

confirmatory factor analysis could not be performed. Therefore, construct validity was 

strengthened through expert assessment of the test item structure, including the alignment of 

questions with learning objectives to measure concept mastery and representation skill indicators. 

The logical validity results for the test item structure aspect in the logical validity assessment by 

both validators indicate that all test items for concept mastery meet the “Highly Valid” criteria. 

The improvement of 18 items of concept mastery questions is adjusted to the validator's 

comments and suggestions. The summary of the improvements based on the validators' comments 

and suggestions are presented in Table 5. The results of the logical validity from two validators are 

presented in Table 1. Validation was conducted between April 24 and May 2, 2025. 

Table 5. Summary of Expert Validators’ Comments & Suggestions on Concept Mastery Items 

Number 

of Items 
Questions 

Comments and 

Suggestions 
Improvements 

1. 

 • One form of 
visual 
representation 
(picture, tabel, and 
diagram) is only 
used for one item. 

• It is necessary to 
re-read concept 
mastery question 
number 4 related 
to the concept of 
sympathetic and 
parasympathetic. 

• It is recommended 
to improve 
sentence redaction 
in concept mastery 
questions or 
representation 
skills questions 
that show Picture 
and Table. 

 

 

4. 

  

7. 

 
 

11. 
 

 

14. 

  

18. 
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Table 5 shows a summary of the improvement of concept mastery questions according to 

the comments and suggestions of expert validators that are tailored to the needs. The 

improvements made are included in the minor scale because they improve the editorial stimulus 

of the question without changing the overall question items. This is in line with the results of the 

logical validity of concept mastery questions in the aspects of content, construct, and language 

validity Table 4 which shows that the stimulus in 18 items directs students to analyze so that the 

questions are not likely to be easily guessed because they have certain answer patterns. 

Logical Validity of Representation Skills Questions 

The logical validity of representation skills questions was tested by two validators, namely 

biology education practitioners and high school biology teachers. The logical validity results of 

representation skills questions in the form of 14 essay questions can be seen in Table 6. 

Table 6. Results Logical Validity of Representation Skills Questions 

Assessed Aspects 
Total Expert 

Validator Score 

Total Biology 

Teacher Score 

Content Aspect   

Stimulus in the form of information, illustrative schemes, tables, 

graphs, or text on each question item directs students to analyze.  
42 56 

Stimulus in the form of information, illustrative schemes, tables, 

graphs, or text on each question item is used to provide context to 

the question to support the achievement of the representation skills  

indicators used.  

42 56 

The question was able to measure the level of students' 

representation skills represented by three aspects, namely 

conceptual, reasoning, and mode (making or changing the shape of 

a visual representation) which were formulated into 7 indicators of 

representation skills used.  

42 56 

The questions have a level of difficulty that is in accordance with 

the cognitive abilities of high school students in phase F.  
42 56 

The information, tables, graphs, or text used in each question item 

are continuous with the question given.  
42 56 

Question Item Arrangement Aspect   

Questions are in accordance with representation skills indicators. 42 56 

Questions supporting indicators of representation skills.  40 56 

Illustration schemes, tables, graphs, or text are presented clearly.  32 56 

The questions are clearly formulated.  42 56 

The answer key is according to the question asked.  42 56 

The answer key assessment rubric is in accordance with the 

learning objectives that support representation skills.  
38 56 

Possible problems to solve.  42 56 

Language Aspect   
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Assessed Aspects 
Total Expert 

Validator Score 

Total Biology 

Teacher Score 

The editorial on each question item uses good and correct 

Indonesian, communicative, and clear so that it does not cause 

double interpretation.  

42 56 

The editorial of each question item uses writing, spelling, and 

punctuation in accordance with the General Guidelines for 

Indonesian Spelling (PUEBI).  

42 56 

The stimulus used in each question item uses terms that can be 

understood by students.  
42 56 

Acquisition Score 614 840 

Maximum Score 840 840 

%=(Acquisition Score / Maximum Score)×100 73.10 100 

Criterion Valid Highly Valid 

 

Table 6 shows that the logical validity of the test instrument for essay questions on the 

representation of nervous system material by both validators is included in the “Highly valid” 

criteria. Meanwhile, confirmatory factor analysis could not be continued in this study due to an 

inadequate sample size. According to Kyriazos (2018), CFA is a method that requires a large 

sample size to produce stable parameter estimates and a valid model fit. In this study, dividing the 

essay questions into odd-numbered questions (31 students) and even-numbered questions (29 

students) resulted in a limited number of responses per indicator, thus failing to meet the CFA 

eligibility criteria. 

As a follows up, 14 questions on representation skills were revised based on comments and 

suggestions from expert validators. The summary of these revisions is presented in Table 7 and 

organized based on the seven representation skills indicators used as aspects of representation skill 

measurement in Table 1. The indicators of representation skills are derived from the three aspects 

of representation skills proposed by Schönborn & Anderson in 2009, namely, 1) conceptual 

elements represent students' conceptual knowledge of relevance to a variety of representations; 2) 

reasoning elements represent all reasoning abilities needed to interpret a variety of representations; 

and 3) representation mode elements characterize the external nature of the representation, 

including symbolic signs (Anderson et al., 2013).  

Thus, the logical validation process and revision of the written representation skills test 

instrument not only strengthen the construct aspect. In addition, logical validity also contributes 

to ensuring the conceptual and visual representation of representation skills indicators. 
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Table 7. Summary Comments and Suggestions of Expert Validators on Representation Skills 

Number 

of Items 
Questions 

Comments and 

Suggestions 
Improvements 

1. 

 
• Using scoring from 

the answer key 
because the 
criterion rubric is 
more suitable for 
questions that have 
uncertain answers. 

• Adjusting the 
answer key by 
determining at least 
1 or 2 keywords to 
be made as scoring. 

• Improving the 
image on the 
stimulus of the 
conceptual 
indicator essay 
question. 

• Improving the 
image on the 
stimulus of the 
reasoning indicator 
essay question. 

• Correcting the 
table data on the 
stimulus of the 
conceptual-
reasoning indicator 
essay question. 

• Adding an essay 
question that asks 
students to analyze 
the concept of 
nerve from the 
picture. 

 

2. 

  

3. 

  

4. 

  

5. 

 
 

6. 

  

7. 
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Empirical Validity of Concept Mastery and Representation Skills Questions 

Table 8. Anates Calculation Results Empirical Validity of Concept Mastery and Representation 

Skills Questions 

Variable Number of Students Validity Realiability 

Concept Mastery 60 0.56 0.72 

Representation Skills 60 0.46 0.63 

 

Based on Table 8, it can be interpreted that the written test of concept mastery in the form 

of multiple choice questions totaling 18 items can be used entirely in classroom implementation. 

This is because the validity of the question seen from the rXY correlation value in the Anates 

calculation is 0.56 with the category “Moderate” and the reliability value of the question is 0.72 

with the category “High”. This is in line with the results of the analysis of the empirical validity 

criteria of the questions based on Arikunto (2013) in Table 3 which shows that the validity score 

above 40 is included in the “Moderate” criteria. Thus the written test that has been prepared is 

“Moderate” to measure students' mastery of concepts on nervous system material. Revisions are 

needed on several items that have negative significance values. Improvements to 12 items that 

have a negative significance value focus on improving the question exemption and stimulus 

without changing the entire question. 

A written test to measure representation skills in the form of essay questions totaling 14 

items will be selected 7 items according to the number of representation skills indicators. The rXY 

correlation value in the Anates calculation of 0.46 has a “Moderate” category and the reliability 

value of the question is 0.63 “High” category. The written test that has been prepared is valid 

enough to measure 7 indicators of representation skills on nervous system material. However, 

because 7 significant items only represent 4 indicators of representation skills including conceptual, 

conceptual-mode, reasoning, and mode. Therefore, the determination of the 7 selected items is 

based on the level of difficulty, differentiating power, T value which describes the average student 

score per item, and correlation value. The question items that will be used in the implementation 

after testing this question are number 2, 3, 5, 8, 10, 11, and 14. The improvement of 7 question 

items focuses on improving the stimulus and redaction of question sentences that are adjusted to 

the aspects of representation skills, namely conceptual, reasoning, and mode (visual representation 

form). 
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DISCUSSION 

Logical Validity of Concept Mastery Questions 

The instrument of concept mastery questions developed in this research showed a logical 

validity level of “Highly valid” with a percentage of 92.69% by biology education practitioners and 

high school biology teachers by 100%. This percentage indicates that the instruments have met 

the aspects of content, item arrangement, and language to measure students' concept mastery of 

the nervous system material properly and thoroughly. This finding was strengthened by the 

comments and suggestions from the validators presented in Table 5. The revision of the 

instrument items was carried out based on this input, as material from efforts to strengthen the 

arrangement of items which is an aspect of construct validity from the logical validity of the 

concept mastery test instrument. 

The previous research in science showed that visual representation-based approach can 

improve students' concept understanding and scientific consistency (Pramonoadi et al., 2020). This 

is in line with the results of the research, that stimuli in the form of illustrative schemes, tables, 

and graphs play a role in improving students' analysis of the concept of the nervous system. 

Integration of visual representations with written questions contributes to improving the quality 

of conceptual assessment (Fatmawati et al., 2024; Edelsbrunner et al., 2023; Diani et al., 2024). 

Logical Validity of Representation Skills Questions 

The logical validity results of concept mastery questions by expert validator lecturers of 

73.10% and biology teachers of 100% show that this instrument is “Valid” to measure students' 

representation skills, but moderate revisions are needed. From the data, it can be seen that the 

instrument has fulfilled the aspects of content, item arrangement, and language to measure 

students' representation skills of the nervous system material. This finding is reinforced by 

comments and suggestions from validators which can be seen in Table 7.  

Research by Lengkana et al. (2019) on the effect of mind mapping on representation skills 

showed that the use of visual representations in learning can improve students' understanding of 

scientific concepts. The representation skills questions tested include conceptual, reasoning, and 

mode aspects (Schönborn & Anderson, 2009; Anderson et al., 2013). Thus, the external 

representation in the questions can help students in understanding the nervous system material 

more deeply. 
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Empirical Validity of Concept Mastery and Representation Skills Questions 

The empirical validity shows that multiple choice questions have a validity of 0.56 and a 

reliability of 0.72, while essay questions have a validity of 0.46 and a reliability of 0.63. This finding 

illustrates that the concept mastery and representation skills test questions are “Moderate” and 

“High”. Thus, it indicates that the written test instrument developed has a quality that is suitable 

for use in evaluating learning of the nervous system in high school. 

This finding is consistent with previous research that the systematic use of visual 

representations in assessments can increase the validity of the instrument and encourage students' 

understanding of nervous system material which is one of the complex and abstract biological 

concepts (Tresnaningsih et al., 2019; Promonoadi et al., 2020; Fatmawati et al., 2024). In this 

research, revisions were made to 12 multiple choice questions and 7 essay questions, focusing on 

improving the stimulus and sentence wording to be more in line with the representation skills 

indicators. 

CONCLUSION 

The results of the research analyzing the validity of the concept mastery test instrument and 

the representation skills of High School biology material on the human nervous system based on 

logical validity and empirical validity showed that the instrument test of concept mastery and 

representation skills of the nervous system material fall into the category of quite valid to highly 

valid. Thus the test instrument in the form of multiple choices questions and essay questions can 

be used to measure students' concept mastery and representation skills on nervous system material. 

REFERENCE 

Adelia, D., Linda, R., & Erna, M. (2023). Development of E-module Based on Multiple 

Representation to Improve the Competence of Chemical Literacy and Learning 

Independence of Students on the Material Reaction Rate. Jurnal Penelitian Pendidikan IPA, 

9(12), 11101-11110. https://doi.org/10.29303/jppipa.v9i12.5541  

Akbar, B., & Delvira, A. (2022). Hubungan Keterampilan membuat Tabel dengan Keterampilan 

membuat Grafik pada Siswa SMA. Jurnal Pendidikan Glasser, 6(2), 202-208. 

https://lonsuit.unismuhluwuk.ac.id/glasser/article/view/1828 

Akbar, S. (2013). Instrumen Perangkat Pembelajaran. Bandung: PT. Remaja Rosda Karya. 

Alsalhi, N. R. I. (2020). The Representation of Multiple Intelligences in the Science Textbook and 

the Extent of Awareness of Science Teachers at the Intermediate Stage of this Theory. 

Thinking Skills and Creativity, 38, 1-15. https://doi.org/10.1016/j.tsc.2020.100706  



 

 

Al-Jahiz: Journal of Biology Education Research 
ISSN 2722-5070 (Print) ISSN 2722-5275 (Online) 

  Vol. 6 No. 2 July-December 2025 
Available online at: 

http://e-journal.metrouniv.ac.id/index.php/Al-Jahiz 
 

 

238 Juniarti, M.A., et al. – Evaluation of Concept Mastery and Representation Skills ... 

 

 

Altindis, N., Bowe, K. A., Couch, B., Bauer, C. F., & Aikens, M. L. (2024). Exploring the Role of 

Disciplinary Knowledge in students’ Covariational Reasoning during Graphical 

Interpretation. International Journal of STEM Education, 11(32), 1-23. 

https://doi.org/10.1186/s40594-024-00492-5  

Anderson, T. R., Schönborn, K. J., Plessis, L. d., Gupthar, A. S., & Hull, T. L. (2013). Identifiying 

and Developing Students’ Ability to Reason with Concepts and Representations in Biology. 

In: Treagust, D., Tsui, CY. (eds) Multiple Representations in Biological Education Models and 

Modeling in Science Education, (pp. 19-38). http://dx.doi.org/10.1007/978-94-007-4192-8_2 

Arikunto, S. (2013). Prosedur Penelitian Suatu Pendekatan Praktik. Jakarta: Rineka Cipta. 

Bizimana, E., Mutangana, D., & Mwesigye, A. (2022). Enchancing Students’ Attitude Towards 

Biology Using Concept Mapping and Cooperative Mastery Learning Instructional Strategies: 

Implication on Gender. International Journal on Math, Science and Technology Education, 10(1), 

242-266. https://doi.org/10.31129/LUMAT.10.1.1728  

Bologna, V., Longo, F., Peressi, M., & Sorzio, P. (2022). Monitoring PCK Physics Teachers’ 

Strategies for Math and Physics Languages Integration: The Teacher Footprint. Journal of 

Physics: Conference Series, 2297(1), 1-9. https://doi.org/10.1088/1742-6596/2297/1/012034  

Bosch, E., Seifried, E., & Spinath, B. (2021). What Successful Students do: Evidence-Based 

Learning Activities matter for Students' Performance in Higher Education beyond Prior 

Knowledge, Motivation, and Prior Achievement. Learning and Individual Differences, 91, 1-12. 

https://doi.org/10.1016/j.lindif.2021.102056  

Cheng, M. M. W., & Gilbert, J. K. (2015). Students' Visualization of Diagrams Representing the 

Human Circulatory System: The Use of Spatial Isomorphism and Representational 

Conventions. International Journal of Science Education, 37(1), 136-161.  

Cindiati, M., Claudianingrum, H., Ramadhanty, J. A., Suprapto, P. K., & Diella, D. (2021). The 

Correlation Between Critical Thinking Skills and the Learning Outcomes on Musculoskeletal 

System. Bioedukasi: Jurnal Pendidikan Biologi, 14(2), 122-133.  

https://doi.org/10.20961/bioedukasi-uns.v14i2.49911  

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Science. London: Lawrence Erlbaum 

Associates, Publishers. 

Diani, R., Viyanti., Lengkana, D., Jalmo, T., Destiana, A., Saregar, A., & Putra, F. G. (2024). 

Trends, Challenges, and Opportunities of Multiple-Representation in Science Learning: A 

Systematic Literature Review. Review of Science, Mathematics and ICT Education, 8(1), 29-52. 

https://doi.org/10.26220/rev.4657 

D’Alessio, F. A., Avolio, B. E., & Charles, V. (2019). Studying the Impact of Critical Thinking on 

the Academic Performance of Executive MBA Students. Thinking Skills and Creativity, 31, 

275-283. https://doi.org/10.1016/j.tsc.2019.02.002  

Dring, J. C. (2019). Problem-Based Learning-Experiencing and Understanding the Prominence 

during Medical School: Perpective. Annals of Medicine and Surgery, 47, 27-28. 

https://doi.org/10.1016/j.amsu.2019.09.004  

Edelsbrunner, P. A., Malone, S., Hofer, S. I., Küchemann, S., Kuhn, J., Schmid, R., Altmeyer, K., 



 

 

Al-Jahiz: Journal of Biology Education Research 
ISSN 2722-5070 (Print) ISSN 2722-5275 (Online) 

  Vol. 6 No. 2 July-December 2025 
Available online at: 

http://e-journal.metrouniv.ac.id/index.php/Al-Jahiz 
 

 

239 Juniarti, M.A., et al. – Evaluation of Concept Mastery and Representation Skills ... 

 

 

Brünken, R., & Lichtenberger, A. (2023). The Relation of Representational Competence and 

Conceptual Knowledge in Female and Male Undergraduates. International of STEM Education, 

10(44), 1-19. https://doi.org/10.1186/s40594-023-00435-6  

Fatmawati, A., Zubaidah, S., Mahanal, S., Sutopo, Bilad, M. R., & Shahril, M. (2024). Students’ 

Concept Matery in Plant Physiology Course Using Learning Cycle Multiple Representation 

Model. Pegem Journal of Education and Instruction, 14(2), 91-102. 

https://doi.org/10.47750/pegegog.14.03.09  

Fenwick, L., & Unsworth, L. (2022). Including Visual Representations within Senior High School 

Biology Assessment: Considerations of Grammatical Complexity. The Curriculum Journal, 

34(3), 412-436. https://doi.org/10.1002/curj.181  

Harmain, R. (2021). Upaya Meningkatkan Partisipasi Siswa pada Materi Mengidentifikasi Macam-

Macam Limbah Melalui Metode Diskusi. Jurnal Pengabdian Masyarakat: DIKMAS, 1(1), 35-

42. https://ejurnal.pps.ung.ac.id/index.php/dikmas/article/view/854  

Hidayati, R., Kusmanto, A. S., & Kiswantoro, A. (2023). Development and Construct Validation 

of Indonesian Students Self-Confidance Scale Using Pearson Product Moment. Pegem Journal 

of Education and Instruction, 13(3), 94-103. https://doi.org/10.47750/pegegog.13.03.11 

Husna, H., Nerita, S., & Safitri, E. (2023). Analysis of Student Difficulties in Learning Biology. 

Journal of Biology Education Research, 4(1), 1-8. https://doi.org/10.55215/jber.v4i1.5963  

Jin-Hee, P., & Jeung-Im, K. (2021). Practical Consideration of Factor Analysis for the Assessment 

of Construct Validity. Journaul of Korean Academy of Nursing, 51(6), 643-647. 

https://doi.org/10.4040/jkan.51601 

Kadarusman, I., Rahmat, A., & Priyandoko, D. (2020). The Relationship of Students’ Thinking 

Level and the Ability to Develop Proposition Network Representation of Human Nervous 

System in Modeling Based Learning (MBL). Jurnal Pendidikan IPA Indonesia, 9(3), 361-370. 

https://doi.org/10.15294/jpii.v9i3.24214  

Ke, L., Sadler, T. D., Zangori, L., & Friedrichsen, P. J. (2021). Developing and Using Multiple 

Models to Promote Scientific Literacy in the Context of Socio‑Scientific Issues. Science & 

Education, 30, 509-607. https://doi.org/10.1007/s11191-021-00206-1  

Kim, M. K., & Park, J. (2024). Linking Scientific Concepts with Students’ Personal Daily Lives: 

Using the Metaphysical Meaning of Scientific Concepts. Journal of Baltic Science Education, 

23(5), 882-898. https://doi.org/10.33225/jbse/24.23.882  

Krathwohl, D. R. (2002). A Revision of Bloom’s Taxonomy. Theory into Practice, 41(4), 212–219. 

https://doi.org/10.1207/s15430421tip4104_2 

Kvello, P., & Gericke, N. (2021). Identifying Knowledge Important to Teach About the Nervous 

System in the Context of Secondary Biology and Science Education a Delphy Study. Plos 

One, 16(12), 1-32. https://doi.org/10.1371/journal.pone.0260752  

Kyriazos, T. A. (2018). Applied Psychometrics: Sample Size and Sample Power Considerations in 

Factor Analysis (EFA, CFA) and SEM in General. Scientific an Research Publishing, Psychology, 

9, 2207-2230. https://doi.org/10.4236/psych.2018.98126 



 

 

Al-Jahiz: Journal of Biology Education Research 
ISSN 2722-5070 (Print) ISSN 2722-5275 (Online) 

  Vol. 6 No. 2 July-December 2025 
Available online at: 

http://e-journal.metrouniv.ac.id/index.php/Al-Jahiz 
 

 

240 Juniarti, M.A., et al. – Evaluation of Concept Mastery and Representation Skills ... 

 

 

Lestari, D. P., Supahar., Paldi., Suwarjo., & Herianto. (2023). Effect of Science Virtual Laboratory 

combination with Demonstration Methods on Lower‑Secondary School Students’ Scientific 

Literacy Ability in a Science Course. Education and Information Technologies, 28, 16153-16175. 

https://doi.org/10.1007/s10639-023-11857-8  

Lengkana, D., Surbakti, A., & Amalia, D. (2019). The Effect of Mind Mapping and Learning Style 

on Concepts Mastery and Students’ Representation Skills. ICOPE: International Conference 

on Progressive Education, 422, 110-117. https://doi.org/10.2991/assehr.k.200323.101 

Hamsyah, D., & Dewi, L. N. (2020). Analisis Penalaran Ilmiah Siswa pada Penggunaan Media 

Analog Proses Pembentukan Urine. Biosfer: Jurnal Biologi dan Pendidikan Biologi, 5(2), 10-15. 

Munfaridah, N., Avraamidou, L., & Goedhart, M. (2021). The Use of Multiple Representations in 

Undergraduate Physics Education: What Do we Know and Where Do we Go from Here?. 

Eurasia Journal of Mathematics, Science and Technology Education, 17(1), 1-19.  

https://doi.org/10.29333/ejmste/9577  

Natalia, D., Johari, A., Anggereini, E., & Lestari, I. (2023). Study of Multiple Representation 

Learning in Improving Pre-Service Biology Teacher’s Representation Ability. ASSEHR: 

Advances in Social Science, Education, and Humanities Research, 72, 273-274.  

Nedjat-Haiem, M., & Cooke, J. E. (2021). Student Strategies when taking Open-Ended Test 

Questions. Cogent Education, 8(1), 1-22.  https://doi.org/10.1080/2331186X.2021.1877905  

Orina, J. O., Kiumi, J. K., & Githae, P. K. (2022). Determinants of Teachers’ Motivation and 

Professiona Development in Public Secondary Schools in Kenya. International Journal of 

Educational Administration and Policy Studies, 14(1), 45-52. 

https://doi.org/10.5897/IJEAPS2021.0702  

Pramonoadi, Tresnaningsih, S., Faqih, A., Setiani, R., & Dwikoranto. (2020). The Validity of 

Concept Attainment With Multi Representation as an Alternative Learning Model to 

Improve Students’ Mastery of Concepts and Scientific Consistency. Studies in Learning and 

Teaching, 1(2), 122-132. https://doi.org/10.46627/silet.v1i2.35 

Rachmaningsih, F., & Purnomo, T. (2024). Validitas dan Keefektifan Video Pembelajaran Materi 

Ekosistem Menggunakan Powtoon untuk Meningkatkan Hasil Belajar Siswa Kelas X SMA. 

Bioedu: Berkala Ilmiah Pendidikan Biologi, 13(2), 392-404.  

Rawe, N. S. H. A., Zubaidah, S., & Susanto, H. (2025). Revealing Argumentation Skills of High 

School Students in Biology Learning through Toulmin Argumentation Pattern. Prisma Sains: 

Jurnal Pengkajian Ilmu dan Pembelajaran Matematika dan IPA IKIP Mataram, 13(2), 294-305. 

https://doi.org/10.33394/j-ps.v13i2.14837 

Schönborn, K. J., & Anderson, T. R. (2009). A Model of Factors Determining Students’ Ability to 

Interpret External Representation in Biochemistry. International Journal of Science Education, 

31(2), 193-232. https://doi.org/10.1080/09500690701670535 

  



 

 

Al-Jahiz: Journal of Biology Education Research 
ISSN 2722-5070 (Print) ISSN 2722-5275 (Online) 

  Vol. 6 No. 2 July-December 2025 
Available online at: 

http://e-journal.metrouniv.ac.id/index.php/Al-Jahiz 
 

 

241 Juniarti, M.A., et al. – Evaluation of Concept Mastery and Representation Skills ... 

 

 

Sidiq, Y., Ishartono, N., Desstyn, A., Prayitno, H. J., Anif, S., & Hidayat, M. I. (2021). Improving 

Elementary School Students’ Critical Thinking Skill in Science Through Hots-Based Science 

Quenstions: A Quasi-Experimental Study. Jurnal Pendidikan IPA Indonesia, 10(3), 378-386. 

https://doi.org/10.15294/jpii.v10i3.30891 

Sugiyono. (2022). Metode Penelitian Kuantitatif, Kualitatif, dan R&D. Bandung: Alfabeta. 

Sukmayadi, V., & Yahya, A. H. (2020). Indonesian Education Landscape and the 21st Century 

Challenges. Indonesian of Social Studies Education Research, 11(4), 219-234. 

https://jsser.org/index.php/jsser/article/view/901 

Syahri, W., Yusnaidar., Epinur., Muhaimin., & Habibi, A. (2021). Effectiveness of Multimedia 

Based on Multiple Representation of Hess’ Law: Concept and Skills of Pre-service Science 

Teachers. International Journal of Instruction, 14(3), 451-462. 

https://doi.org/10.29333/iji.2021.14326a  

Tedre, M., Toivonen, T., Kahila, J., Vartiainen, H., Valtonen, T., Jormanainen, I., & Pears, A. 

(2021). Teaching Machine Learning in K12 Classroom: Pedagogical and Technological 

Trajectories for Artificial Intelligence Education. IEEE Access, 9, 110558-110572. 

Utami, R. K., & Subiantoro, A. W. (2020). Visual Representations Analysis of Senior High School 

Biology Textbooks About Plants’ Structure and Function. Proceedings of the 7th International 

Conference on Research, Implementation, and Education of Mathematics and Sciences, Advances in Social 

Science, Education and Humanities Research, 528, 123-128. 

https://doi.org/10.2991/assehr.k.210305.019 

Zhou, J., Cui, G., Hu, S., Zhang, Z., Yang, C., Liu, Z., Wang, L., li, C., & Sun, M. (2017). Graph 

Neural Networks: A Review of Methods and Applications. AI Open, 57-81. 

https://doi.org/10.1016/j.aiopen.2021.01.001  

Zubaidah, S., Corebima, A. D., Mahanal, S., & Mistianah. (2018). Revealing the Relationship 

between Reading Interest and Critical Thinking Skills through Remap GI and Remap Jigsaw. 

International Journal of Instruction, 11(2), 41–56. https://doi.org/10.12973/iji.2018.1124a 

 
Copyright Holder: 

© Juniarti, M.A., et al. (2025) 

First Publication Right: 

© Al-Jahiz: Journal of Biology Education Research 

This article is under: 

CC BY  


