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Introduction  
 

Science constitutes a body of knowledge comprising a collection of facts, concepts, laws, 

principles, theories and models (Chiappeta & Koballa, 2010). Knowledge frameworks concerning 

learning and scientific practice are now influencing policy initiatives that have an impact on primary 

school science teaching (Abell & Lederman, 2007; Nugroho et al., 2021). Desstya & Sayekti (2020) 

stated science is one of the subjects taught in primary schools in Indonesia for several reasons. Science 

is universally beneficial as fundamental scientific principles drive technological advancements, 

facilitating easier lifestyles globally. Science dispels myths and unscientific beliefs, promoting rational 

ABSTRACT 

This study aimed to develop a standardised instrument for diagnosing science 

misconceptions in primary school children. Following a developmental research 

approach using the 4-D model (Define, Design, Develop, Disseminate), 100 four-tier 

multiple choice items were constructed. Content validity was established through expert 

evaluation by six science specialists.  The study was conducted using stratified purposive 

sampling on 140 pupils from public and private primary schools with ‘very good’ and 

‘good’ ratings in Surakarta, Indonesia. The instrument's construct validity, reliability, and 

empirical validity were assessed using Aiken's V, Pearson's Correlation Coefficient, and 

Cronbach's alpha, respectively. Difficulty index was also calculated. The final version 

comprised 61 valid and reliable items with Aiken's V ranging from 0.79 to 0.92, Pearson's 

Correlation ranging from 0.17 to 0.58, and a Cronbach's alpha coefficient of 0.86. Item 

difficulty ranged from 0.014 to 0.62, with 27 and 34 items falling into the moderate and 

difficult categories, respectively. This instrument demonstrates potential for effectively 

detecting science misconceptions in primary school learners.  Based on these findings, 

teachers, policymakers and parents can take targeted action to address misconceptions.  

This may involve evaluating science textbooks, enhancing teacher training, and fostering 

discussions with science experts. Additionally, parental involvement in reinforcing 

science concepts is crucial.  
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understanding. Science underpins various professions by revealing logical foundations, for example, 

doctors rely heavily on scientific knowledge based on medical and biological research. Science fosters 

critical thinking and problem-solving skills, essential for intellectual development. Science instils 

positive characters and attitudes (refers to traits, attitudes and behavior that demonstrate good 

qualities) nurturing curiosity about phenomena in the surrounding world. Everyday occurrences 

expose primary school children to scientific phenomena, from observing light and optics, heat and 

temperature when boiling water. Children initially encounter science through daily experiences, 

which, if not aligned with accurate scientific concepts, can lead to misconceptions (Canada et al., 

2017). Misconceptions denote inaccurate understandings, misapplications of concept names, or 

incorrect classifications of examples (Bou’-Jaoude, 1991; Ajayi, 2017; Berg, 1991; Chang, 2010). They 

impede knowledge development and scientific thinking (Bou-Jaoude, 1991), significantly impacting 

learning success (Bou-Jaoude, 1991), and hindering the learning process (Bau-Jaoude, 1991). 

Misconceptions are prevalent among teachers, lecturers, students (at both school and university 

levels), and researchers. 

Numerous studies have documented science misconceptions among primary school learners 

(Nurjani et al., 2020; Deringol, 2019; Bar et al., 2016; Kambouri, 2010; Narjaikaew, 2013; Sahin et al., 

2008; Smolleck & Hershberger, 2011; Stein et al., 2008), necessitating teachers' intervention. 

Addressing  misconceptions promptly is crucial to remove conceptual barriers to science learning 

(Soeharto et al., 2019; Nurhasanah et al., 2022). Early detection of science misconceptions is 

accordingly essential to mitigate their negative impacts. Diagnostic tests are valuable tools for 

identifying misconceptions (Directorate General of Ministry of National Education; Directorate of 

Junior High School Development, 2007). Various diagnostic tools have been developed and employed 

to pinpoint science misconceptions. Soeharto et al. (2019) revealed that found that a number of 

concepts in physics (33 concepts), chemistry (12 concepts), and biology (15 concepts) commonly 

causing misconceptions. Furthermore, it found that the types of diagnostic tools used include 

interviews (10.74%), simple multiple-choice tests (32.23%), multiple-tier tests (33.06%), and open-

ended tests (23.97%). Each diagnostic tool possesses its strengths and limitations. Multiple-tier tests, 

consisting mainly of multiple-choice formats, are widely used for detecting science misconceptions 

(Soeharto et al, 2019). Despite the efficiency of multiple-choice tests as evaluation tools (Kusumawati 

& Hadi, 2018), they have drawbacks. Although comprehensive and objective, multiple-choice 

questions suffer from limitations such as increased error variance due to guessing, lack of insight into 

respondents' thought processes, and constraints on answer options (Caleon & R. Subramanium, 2010; 

Suwarna, 2014). Multiple-choice tests including two-tier and three-tier formats, were developed to 

address these shortcomings and provide more nuanced assessments. 

The two-tier type is a two-level multiple-choice test that presents answer choices and reasons 

for their selection. This instrument has been developed by several researchers (Nasir et al., 2023; 

Soeharto, 2021; Sadevi, R.A & Sayekti, I.C, 2023). Questions in this type of test often be unclear to 

distinguish between correct and incorrect answers due to conceptual difficulty or misconceptions. 

These questions typically necessitate thorough preparation and specialised assistance (Rintayati, 

Lukitasari, & Syawaludin, 2021).   

The three-tier test is a multiple-choice test comprising three levels of answers: answer choices, 

reasons, and confidence levels in answering a question (Caleon & Subramanium, 2010; Mubarokah, 

Mulyani, Indriyanti, 2018). However, this test type's weakness lies in potentially low interpretation 

proportions (that means it is difficult to distinguish whether an incorrect answer is due to 

misconception, ignorance, or simply guessing, especially if the participant's level of confidence is low) 

for those who lack conceptual understanding and excessively high proportions for those who do 

understand. Consequently, distinguishing between respondents with misconceptions and those 

lacking conceptual understanding remains challenging (Diani et al., 2019). This challenge complicates 

determining appropriate corrective approaches for learners with misconceptions versus those simply 

lacking understanding. Hence, there is a need to develop a multilevel multiple-choice test in the form 

of a four-tier multiple-choice test. This four-level diagnostic test, as proposed by Maharani et al. 
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(2019); Salamah et al. (2020); Rohmanasari & Ermawati (2019), and Putica, B. (2022) comprises four 

levels: the first level containing answer choices, the second level containing the confidence level in the 

chosen answers, the third level containing reasons for selecting the answers in the first level, and the 

final level containing the confidence level in the written reasons. In this study, the investigation 

focuses on answers and reasons using closed options to maintain pupil engagement with the material 

being assessed. 

Yuberti et al. (2020) developed a four-tier diagnostic test to identify  misconceptions at the 

junior high school level. The test focuses on exploring the concepts of work and simple planes. 

Habiddin & Page (2019) developed a four-tier multiple-choice test for university students, 

concentrating on the concept of chemical reaction kinetics. Saputra et al. (2020) devised a four-tier 

multiple-choice test for high school students, delving into fluid mechanics concepts. These tests, 

developed by Yuberti et al. (2020) and Saputra et al. (2020), feature four levels, consisting of answers 

to the question, confidence level in answering, reasons for answering, and level of confidence for the 

answer/reason respectively. This diagnostic instrument offers various advantages, such as including 

the level of confidence in answering and the opportunity to give reasons separately (Tumanggor et al., 

2020; Celikkanlı, Kızılcık, 2022), facilitating easier implementation and access (Nurhidayatullah & 

Prodjosantoso, 2018). Kartimi et al. (2021) developed a four-tier diagnostic test to identify primary 

school children’s misconceptions regarding the concept of energy. Comprising six questions for fourth 

graders, this test contributes to alternative ways to identify and analyse misconceptions. Other 

advantages of this four-tier multiple-choice test include its practicality in implementation and scoring, 

as well as the efficiency of time and energy used (Agustin, 2020). However, the weakness of this test is 

that it cannot be used to determine the factors that contribute to those misconceptions. Among the 

existing types, the four-tier multiple choice at the first level is a multiple-choice question with four 

distractors and one correct answer key. The second level is the level of confidence in choosing 

answers. The third level is the reason for choosing an answer.  

However, the four tiers have not been able to determine the sources causing misconceptions. 

Therefore, the development of this type of four-tier multiple-choice test requires modification to 

address the aspects contributing to misconceptions. Understanding the sources of error is crucial as it 

informs the design of effective learning interventions. This aligns with research by Inggit et al. (2021), 

suggesting that proper learning strategies should be tailored to address misconceptions and their 

underlying causes. Further research analysing factors contributing to learners’ misconceptions is 

warranted (Sheftyawan, Prihandono, & Lesmono (2018). Previous studies have demonstrated that 

four-tier multiple-choice tests have been extensively developed to detect science misconceptions at 

middle school, high school this term means something a bit different in various systems, and tertiary 

levels, focusing on specific topics. While this instrument has been adapted for use at the primary 

school level, its usage remains limited and requires further refinement. Among the existing four tiers, 

none have been able to pinpoint the sources of experienced misconceptions (Salamah, 2020). Thus, 

modifying the format of the four-tier multiple-choice test is essential for effective use and for better 

identification of factors contributing to students' misconceptions. The four-tier multiple-choice test 

developed for primary school learners serves as a novel instrument for detecting science 

misconceptions. From the child's perspective, this instrument fosters critical, analytical, and reflective 

thinking skills. In tiers 1 and 2, they are prompted to analyse scientific situations, concepts, problems, 

and evaluate decisions. Meanwhile, tiers 3 and 4 encourage them to reflect on their understanding. 

From the teacher's standpoint, this instrument provides valuable insights into the sources of 

misconceptions, enabling the preparation of tailored follow-up plans for science learning.    

Therefore, the development of an instrument to detect science misconceptions in the form of a 

four-tier multiple-choice test is essential due to its numerous benefits. This test can identify 

misconceptions accurately, allowing pupils to determine answers to explored concepts, provide 

reasons for their choices, demonstrate confidence in their responses, and identify the sources of their 

answers. Hence, this study aims to develop such an instrument that meets the requirements of 

validity, reliability, and difficulty index. Consequently, this research addresses the following 
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questions: a) How are the characteristics of the Four-tier Diagnostic Test for Misconceptions; (b) How 

is the validity and reliability based on experts assessment; c) How are the validity, reliability and 

difficulty level of the instrument in empirical tests? 

 

Methods  

Participants  

 
The participants in this study were 140 fifth-grade primary school pupils aged 11 to 12 years, 

comprising 76 boys and 64 girls. The sample was obtained through stratified purposive sampling, 

involving public and private schools with ‘very good’ and ‘good’ quality school accreditation (Cohen, 

Manion, & Morrison, 2018), in five sub-districts in Surakarta, Central Java, Indonesia, to ensure the 

representation of various sample characteristics. 

 

Development Framework 

 
This research follows a Research and Development (R&D) approach. The development model 

used was the 4-D model developed by Thiagarajin, Semmel & Senmel (1974), which consists of 

defining, designing, developing and disseminating stages. The 4-D model was chosen for its simplicity 

in the product development process (Irawan et al., 2017), and its detailed steps allow for systematic 

use. The defining stage involved the analysis of pupil characteristics, misconceptions and available 

diagnostic instruments. During the design stage, the instrument was developed by devising constructs 

for each question item, determining core competencies and basic competencies, and developing 

indicators of competency achievement. The developing stage involved developing the instrument for 

expert review, with all validated and revised items then tested on pupils. In the dissemination stage, 

the instrument for identifying science misconceptions was disseminated to primary school teachers. 

 

Instrument 

 

Question Item Constructs 

 
The questions were based on the standard content of the fifth-grade science curriculum, 

covering the following topics: locomotory organs of animals and humans and their functions, 

respiratory organs of animals and humans and their functions, digestive organs of animals and 

humans and their functions, circulatory organs of animals and humans and their functions, the 

relationship between ecosystem components and food webs in the surrounding environment, heat 

transfer, effect of heat on changes in temperature and shape of objects, the water cycle and its impact 

on events on Earth and the survival of living things, and matter in daily life based on its constituent 

components (single and mixed substances). Ten to eleven questions were developed for each topic. 

 

Item Format 

 
Initially, this misconception detection instrument consisted of 100 four-tier multiple-choice 

questions. The first tier presented answer choices for the concept asked, the second tier provided 

reasons for choosing the answer, the third tier indicated the level of confidence in answering, and the 

fourth tier identified the source of the answer. Before constructing question items, it was necessary to 

create a content outline based on basic competency and competency achievement indicators that had 

been developed. 
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Scoring Procedure 

 
The maximum score for correct answers in each tier is 1. 

 

Data Analysis Technique 

 
To ensure the validity and reliability of the instrument for detecting misconceptions in science, 

the Aiken’s V formula (Aiken, 1985) was employed for validity analysis. The formula is as follows: 

 

𝑉 =
𝑆

[𝑛(𝐶−1)]
   (1) 

 

Where : 

S  :  R - lo 

V :  Validity Index 

R :  The Score Given by The Experts 

lo :  Lowest Validity Score 

c :   Highest Validity Score 

n :  Total Number of Experts 

 

The validity criteria for this instrument were determined based on the number of validators 

involved in the study. Six validators participated, including one professor specialising in physics 

education, two individuals with doctoral degrees in research and evaluation in chemistry and biology 

education, and three individuals with Master's degrees in physics and biology education. The 

validation sheet included multiple categories (five in this study), and the significance level was set at p 

< 0.05. According to these criteria, the V-value was established at 0.79. Items with a minimum V of 0.79 

were empirically tested to assess validity between items. Validity calculations were performed using 

SPSS 23 software, determining bivariate correlations between item scores and the total construct score. 

An item was considered valid if the bivariate correlation score exceeded 0.5 (Perinetti, 2019). 

Reliability refers to the consistency and trustworthiness of a test instrument, which is deemed 

reliable if it produces consistent results under identical conditions. Reliability was assessed by 

administering the instrument to 60 respondents. Cronbach's alpha method was employed to test 

instrument reliability, conducted using SPSS 23 software. The results indicated high reliability, with a 

coefficient exceeding 0.7 (Gelişli et al., 2017).    

The difficulty index was established with the following ranges: 0.80 to 1.00 (easy), 0.30 to 0.79 

(moderate), and 0.00 to 0.29 (difficult). The formula used to calculate the difficulty index is as follows 

(Jandaghi, 2011; Jandaghi & Shaterian, 2008). 

 

𝑝 =
𝐵

𝐽𝑆
    (2) 

Where: 

p: The difficulty Index 

B: The number of student who answered correctly 

JS: The number of student taking the test 

To categorise respondents’ answers into the category of misconceptions or not, the grouping 

criteria based on the three-tier multiple-choice test outlined by Gurel, Eryilmaz, and McDermott (2015) 

were utilised. These criteria, presented in Table 1, were selected because the fourth tier in the multiple-

choice test developed in this study pertains to identifying the source of answers chosen in the 

previous tiers or to pinpoint the source of misconceptions. 
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Table 1 

Criteria for grouping students’answer choices  

First Tier Second Tier Third Tier Category 

Correct Correct Confident Understand the concept 

Correct Incorrect Confident Misconception (false positive) 

Incorrect Correct Confident Misconception (false negative) 

Incorrect Incorrect Confident Misconception 

Correct Correct Unconfident Consecutive guess, Lack of confidence 

Correct Incorrect Unconfident Lack of concept understanding 

Incorrect Correct Unconfident Lack of concept understanding 

Incorrect Incorrect Unconfident Lack of concept understanding 
Note. Source from Gurel et. Al (2017) with author’s modification. 

 

Findings  

 
Table 2 shows distribution of valid and invalid questions 

Table 2 

Distribution of valid and invalid questions  

Evaluation of 

question quality 

Question Number Numbers of 

Questions 

Valid 

2,3,4,5,6,7, 8, 9, 10, 11, 12, 13, 14, 15,  17, 18, 19, 23, 24, 25, 26, 27, 

28, 29, 30, 31, 32, 34, 35, 36, 37, 38, 39,  41, 42, 45, 47, 48, 50,51,  

53, 54, 55, 57, 58, 59,  61, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 

75,  77, 78, 79, 80, 81, 82, 84, 85, 87, 89, 90, 92, 93,  96, 98, 99. 

73 

Invalid 
1, 16, 20, 21, 22, 27, 33, 40, 43, 44, 46, 49, 52,56, 59, 60,62, 74, 76, 

83, 86, 88, 91,94, 95, 97, 100 
27 

Total 100 

 

The Aiken’s V coefficient for valid questions ranged from 0.792 to 0.917, with an average score 

of 0.793. Subsequently, after identifying 73 valid questions based on experts’ judgment, these 

questions were administered to a sample of primary school children. The test results yielded scores 

ranging from 2 to 4. These scores were utilised to calculate the bivariate correlation between each 

question's score and the overall total score using the SPSS program. The correlation values are 

presented in Table 3. 

 

Table 3 

Pearson’s correlation value of each item  

Items Pearson’s 

Correlation 

Result Item 

Number 

Pearson’s 

Corelation 

Result Item 

Number 

Pearson’s 

Corelation 

Result 

1 0.206* Valid 25 0.446** Valid 49 0.092 Invalid 

2 0.321** Valid 26 0.421** Valid 50 0.500** Valid 

3 0.331** Valid 27 0.182* Valid 51 0.043 Invalid 

4 0.437** Valid 28 0.403** Valid 52 0.513** Valid 
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Items Pearson’s 

Correlation 

Result Item 

Number 

Pearson’s 

Corelation 

Result Item 

Number 

Pearson’s 

Corelation 

Result 

5 0.308** Valid 29 0.462** Valid 53 0.199* Valid 

6 0.142 Invalid 30 0.576** Valid 54 -0.288** Valid 

7 0.262** Valid 31 0.213* Valid 55 0.392** Valid 

8 0.431** Valid 32 0.457** Valid 56 0.023 Invalid 

9 0.068 Invalid 33 0.331** Valid 57 0.526** Valid 

10 0.194* Valid 34 0.422** Valid 58 0.356** Valid 

11 0.182* Valid 35 0.535** Valid 59 0.440** Valid 

12 -0.021 Invalid 36 0.274** Valid 60 0.284** Valid 

13 -0.072 Invalid 37 0.230** Valid 61 0.054 Invalid 

14 0.189* Valid 38 0.310** Valid 62 0.514** Valid 

15 0.221** Valid 39 -0.038 Invalid 63 0.352** Valid 

16 0.230** Valid 40 0.276** Valid 64 0.295** Valid 

17 0.168* Valid 41 0.254** Valid 65 0.215** Valid 

18 0.394** Valid 42 0.368** Valid 66 0.407** Valid 

19 0.338** Valid 43 0.296** Valid 67 0.480** Valid 

20 0.142 Invalid 44 0.100 Invalid 68 0.240** Valid 

21 0.363** Valid 45 0.112 Invalid 69 0.311** Valid 

22 0.410** Valid 46 0.461** Valid 70 0.255** Valid 

23 0.441** Valid 47 0.274** Valid 71 0.457** Valid 

24 0.498** Valid 48 0.500** Valid 72 0.325** Valid 

 

Based on Table 3, it is evident that out of the 73 questions, 61 were deemed valid, indicating 

their suitability for measuring the intended competency (Nunnally, 1978). However, 12 questions 

were deemed invalid. The criterion for validity determination was set at a minimum score of 0.164, 

calculated using the two-tailed r table with a significance level of 5% and 140 samples. The valid items 

ranged in scores from 0.168 to 0.576. 

 

Reliability 

 
Cronbach’s alpha was found to be 0.863, indicating high reliability.  

 

Difficulty Index of Questions 

 
From the study results, among the 61 valid and reliable questions, 27 fell into the “moderate” 

category with scores between 0.30 and 0.69, while 34 questions were categorized as “difficult” with 

scores ranging from 0.00 to 0.29. None of the questions were classified as “easy.” Consequently, eight 

questions required correction and modification to enhance their quality and acceptability. The 

responses to select questions among the 61 valid and reliable items were scrutinised to identify any 

misconceptions, and the findings are elaborated upon in the subsequent section. 

 

Disseminating 

 
During the dissemination phase, the tool for pinpointing misconceptions in science was 

distributed to 38 primary school teachers through instructional workshops and mentoring sessions 

aimed at addressing science misconceptions in their pupils. These teachers were selected from various 

public and private schools across five sub-districts (Banjarsari, Serengan, Pasarkliwon, Jebres, 

Laweyan) including Gading Public Primary School, Islamic Primary School Sunan Kalijaga, 

Mijipinilihan Public Primary School, Muhammadiyah 10 Primary School, Islamic Bakti 1 Primary 
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School, Baturono Public Primary School, Kleco 2 Public Primary School, Mojosongo 2 Public Primary 

School, Al Firdaus, Ar Risalah, Kemasan 1 Public Primary School, and Islamic Sunniyah Primary 

School. The selection process employed purposive random sampling.  

Schematically, the entire process of developing this item is presented in Table 4. 

 

Table 4   

Stage of the item development process 

Stage Process  Results 

1. Initial 

Developed 100 item 

Expert validation, and validity analysis 

using Aiken V 

73 valid items 

 

27 non valid items 

2. Continued 

 

73 valid items 

Tested on 140 students, validity analysis 

(used Pearson’s Correlation), reliabilitas (by 

coefficient of Cronbach’s alpha)  

61 valid items 

 

12 non valid items 

3. Final 

Obtained 61 

valid items 

difficulty index. 61 valid items (27 questions 

in the “moderate” and 34 

questions in the “difficult” 

category) 

  

 

Discussion  

 
Content validity assesses the extent to which elements in a measurement instrument are 

relevant and representative of the construct being measured (Bahri, 2019; Ishartono et al. 2024). It is a 

pivotal step in instrument development, as it precedes the testing of construct validity. An instrument 

must pass the content validity test before undergoing other validity assessments (Ihsan, 2015). 

Following the validation and reliability assessment of the instrument, it was utilized to detect student 

misconceptions. For instance, the analysis of responses to question number 1 is presented below. 

Item 1 as presented in Table 5 is an example of a valid item in this study. 

 

Table 5 

Example of  item 1 

Irwan works as a porter at a market. Every day he lifts many heavy sacks of rice and vegetables. 

One day, Irwan’s arm muscles got tight and swollen, so Irwan’s friend had to help him lift a sack of 

rice. The muscle disorder that Irwan suffered from is called… 

a. stiff 

b. atrophy 

c. hypertrophy 

d. tetanus 

Reason 

a. The muscle disorder occurred because Irwan did continuous and excessive activities 

b. The muscle disorder occurred because Irwan had poliomyelitis 

c. The muscle disorder occurred because Irwan made a sudden stomping motion 

d. The muscle disorder occurred because Irwan never had exercise 

Your level of confidence in answering 

a. confident 

b. unconfident 

The source of your answer 
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a. I have ever helped/cared for a friend with the same condition as Irwan 

b. I have experienced the same condition as Irwan 

c. I have seen other people experience the same thing as Irwan  

d. I have seen a video of a person having the same problem as Irwan 

 

Based on Table 5, it is evident that Sample Item 1 aims to diagnose whether there are 

misconceptions among students regarding the understanding of locomotory organs of animals and 

humans, their functions, and the maintenance of human locomotory organs' health. In this topic, the 

developed competency involves identifying symptoms and bone abnormalities in humans. The 

question presents a discourse and assesses students’ understanding of muscle disorders. The student 

answered the question in the following order: B. Atrophy, A. The muscle disorder occurred because 

Irwan did continuous and excessive activities, A. Confident, and B. I have experienced the same 

condition as Irwan. According to the reference category of students’ understanding presented in Table 

5, this student is included in the category of misconception (false negative) because the answer in the 

first tier is wrong, the answer in the second tier is correct, and he/she answered the question 

confidently. Further analysis revealed that the student’s misconception stemmed from personal 

experience. This finding aligns with research by Lin et al (2016), which suggests that personal 

experience can contribute to students constructing their own knowledge. However, some of the 

students’ daily experiences can lead to misconceptions, as observed in a study conducted by 

Mutsvangwa (2020). Daily experiences form students’ initial knowledge, which may not always be 

accurate due to the variability and inaccuracies in the sources of students’ information and 

experiences.  

 

Table 6 

Example of item 36 

To make a sharp and beautiful kris, a kris blacksmith needs to design, combine the elements of 

beauty, and carve it. In order to make a good and artistic kris, the blacksmith burns the alloy into 

the flaming fire to make it heated, so it can be carved. The alloy becomes heated because of... 

a. transmission 

b. radiation 

c. convection 

d. conduction 

Reason 

a. heat travels through the metal 

b. heat travels through the air 

c. particles in the metal move from one end to the other 

d. heated over the fire 

Your level of confidence in answering… 

a. confident 

b. unconfident 

The source of your answer… 

a. teacher’s explanation 

b. a story book or textbook 

c. I saw a metal being burned / a kris making myself 

d. I listened to my mother’s/father’s/sibling’s story 

 

As indicated in Table 6, Item 36 serves to diagnose whether pupils harbour misconceptions 

when appraising the effect of heat on changes in temperature and shape of objects in daily life. In the 

first tier, the majority of pupils selected option ‘D) conduction’. The question scenario presents a 

situation where a kris blacksmith heats an alloy in a flaming fire to facilitate carving, with the correct 
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answer being ‘D. conduction’. In the second tier, the correct answer is identified as A (heat travels 

through metal). The responses from the first to the third tier are correct, incorrect, and confident, 

respectively. Consequently, it falls into the category of misconceptions (false positive). In the fourth 

tier, it is evident that the source of the misconception is attributed to the teacher’s explanation.  

 

Table 7 

Example of item 16 

Every human should try to keep their digestive organs healthy by consuming healthy and 

nutritious food so that the digestion process can run well. In the human digestive system, 

absorption of nutrients in food occurs in the… 

a. mouth 

b. oesophagus 

c. stomach 

d. small intestine 

Reason 

a. The process of breaking down of food and absorption of nutrients in food occurs mechanically 

and chemically in the mouth 

b. The process of breaking down of food and absorption of nutrients in food occurs mechanically 

and chemically in the oesophagus 

c. The process of breaking down of food and absorption of nutrients in food occurs mechanically 

and chemically in the stomach 

d. The process of breaking down of food and absorption of nutrients in food occurs mechanically 

and chemically in the small intestine 

Your level of confidence in answering… 

a. Confident 

b. Unconfident  

The source of your answer… 

a. teacher’s explanation 

b. a story book or textbook 

c. I saw a video 

d. I listened to my mother’s/father’s/sibling’s story 

 

As delineated in Table 7, item 16 is designed to identify misconceptions pertaining to the 

digestive organs of animals and humans, their functions, and methods to maintain their health. In the 

first tier, the correct response to the question, “Every human should strive to maintain the health of 

their digestive organs by consuming nutritious food, thereby facilitating efficient digestion. In the 

human digestive system, the absorption of nutrients from food occurs in the…” is ‘D (small intestine)’. 

For the rationale (second tier), the correct response is ‘D (the process of food breakdown and nutrient 

absorption occurs both mechanically and chemically in the small intestine)’. It can be observed that the 

pattern of the response is incorrect, incorrect, and confident, indicating a misconception. The source of 

the misconception is identified in the fourth tier (C. I saw a video).  

This instrument was utilised to assess the level of understanding of 140 elementary school 

pupils, who were subsequently categorised into aspects: understanding concepts, misconceptions, 

guessing, and lack of understanding concepts. The results revealed that 11 % (n=16) demonstrated a 

clear understanding of the concept, while 34% (n=47) exhibited misconceptions. A further 12% (n=7) 

appeared to be guessing, and the remaining 43% (n=60) showed a lack of understanding of the 

concept. In addition, the study identified specific misconceptions among the pupils, categorised by the 

topic of the material. These findings are succinctly presented in Table 8. This research thereby 

contributes to a more nuanced understanding of the factors influencing the comprehension of 

digestive health among students. 
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Table 8 

Summary of students’ misconceptions 

No Topics Percentage (%) 

1 Locomotory organs of animals and humans and their functions 23.51 

2 Respiratory organs of animals and humans and their functions 30.44 

3 Digestive organs of animals and humans and their functions 43.24 

4 Circulatory organs of animals and humans and their functions 55.55 

5 Relationships between ecosystem components and food webs 32.33 

6 Heat transfer concept 24.33 

7 The effect of heat on changes in temperature and shape of objects 24.33 

8 Water cycle and its impact on events on earth and the survival of living things 15.34 

9 Matter in daily life based on its constituent components (single and mixed 

substances) 

50.44 

 

Table 8 shows that the topic of animal and human circulatory organs and their functions has 

the highest percentage of misconceptions. This highlights that the concept is complex and requires 

greater attention in the learning process. For instance, common misconceptions include 

misunderstandings about the role of the heart, blood vessels, and the differences between blood 

circulation in humans and animals, as also reported by Setiabudi, Mulyadi, Puspita (2019). The 

instrument developed in this study has a reliability score of 0.863, indicating a very high level of 

consistency, making the measurement results trustworthy. High reliability in such instruments is 

crucial for identifying misconceptions, as also emphasized by Sadler, et al. (2019). They developed 

diagnostic tools for science concepts based on mental models and reported a reliability threshold 

above 0.80 as the ideal standard for internal validity. 

The results of this study are in line with Caleon & Subramaniam (2017), which developed 

diagnostic instruments on human physiology material, such as the blood circulatory system, which is 

often a source of misconceptions due to understanding the contents of textbooks or less interactive 

learning media. This research recommends the use of visual media and a simulation-based approach 

to minimize student misconceptions. The results of this research have significant implications for the 

development of teaching materials for teachers. Teachers need special training to detect student 

misconceptions early on, especially at the primary school level. This is as suggested by Furtak et al. 

(2020), who emphasized the importance of misconception-based scaffolding in improving the quality 

of science learning. Treagust (2018) also believes that in developing assessment for science subjects, 

they should not only be relied on in terms of content but also explore students' misconceptions 

comprehensively. Treagust emphasized that the use of multiple-choice diagnostic tests designed 

specifically for abstract concepts, such as the circulatory system, can help teachers understand 

thinking patterns and design more effective teaching strategies. 

The four-tier diagnostic test instrument developed in this study is believed to be capable of 

identifying misconceptions and their underlying causes among primary school students. This 

instrument has four tier explored concept, provide reasons for their choices, demonstrate confidence 

in their responses, and identify the sources of their answers. This statement aligns with Gurel et al. 

(2015), highlighted that assessment tools are particularly effective in thoroughly identifying 

misconceptions. Similarly, Kaltakci-Gurel et al. (2016) developed a four-tier assessment focused on 

electricity in physics, discovering that it successfully revealed misunderstandings stemming from the 

misinterpretation of textbook material and poor teaching practices. This underscores the necessity for 

educational resources that can enhance students' conceptual comprehension. Treagust et al. (2017) 

further validate the usefulness of diagnostic assessments in the early detection of student 

misconceptions. According to Treagust, utilizing four-tier assessments encourages students to engage 

in analytical thinking, particularly regarding intricate scientific subjects such as human body systems 

or changes in matter. The advancement of this assessment tool carries important implications for 
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science education at the primary level, particularly in improving instructional effectiveness through 

the early identification of misconceptions. This supports Cheung et al. (2017), who proposed that four-

level test evaluations can help bridge the gaps in students' misunderstandings. 

For primary school teachers, instruments produced in this research is considered 

comprehensive. They must be prepared to identify the types of understanding or misconceptions of 

their pupils. If students exhibit misconceptions, the teacher can immediately identify the source and 

address it. The approach to this depends on each factor. If the source of the misconception is the 

teacher’s explanation, then the teacher must design learning that applies models, approaches, 

methods, and strategies that align with the characteristics of the material. Moreover, teachers must 

master the material thoroughly, not only by exploring the material independently but also through 

various professional activities, such as scientific activities or forums, as a suggested by Mitkovska 

(2010). Essentially, teachers are required to continually broaden their horizons to ensure the effective 

delivery of science learning in the classroom. When considering factors such as a storybook or 

textbook, watching a video, or listening to a parent’s or sibling’s story, parental involvement at home 

is crucial. Parents must accompany children in reading books or watching videos, ensuring the story’s 

plot is coherent, or providing insight into the pictures in the accompanying book. The same applies to 

storytelling to children. Parents should narrate phenomena in a comprehensive and uninterrupted 

manner. This demonstrates that parents’ basic knowledge significantly influences the misconceptions 

experienced by students, as conveyed by Lestari (2019). If parents possess a good basic knowledge of 

science material, they will be competent and capable of providing explanations and assistance to their 

children. They serve as their children’s teachers at home. This underscores the need for parental 

involvement in understanding science concepts.  

 

Conclusion and Implications  

 
The findings of this study indicate that the Four-tier Diagnostic Test for Misconceptions 

comprised 61 valid and reliable items with Aiken's V ranging from 0.79 to 0.92, Pearson's Correlation 

ranging from 0.17 to 0.58, and a Cronbach's alpha coefficient of 0.86. Item difficulty ranged from 0.014 

to 0.62, with 27 and 34 items falling into the moderate and difficult categories, respectively. This 

instrument demonstrates potential for effectively detecting science misconceptions in primary school 

learners. The process involved the analysis of scientific situations, concepts, and problems, the 

evaluation of decisions, and the identification of the sources causing misconceptions. In conclusion, 

teachers and policymakers can undertake several measures to address the sources contributing to 

misconceptions. These may include evaluating the textbooks used in teaching, enhancing the teaching 

skills of teachers, or facilitating more frequent discussions with individuals who possess a deeper 

understanding of the topics. This study underscores the necessity of parental involvement in 

understanding science concepts. It recommends further research to investigate the factors causing 

misconceptions from various aspects. 
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