
Comparative Study of Post-Marriage Nationality Of  Women in Legal Systems of Different Countries 

 

Diagnostic Test Research Trends In Science Education: A Systematic Review  225 

 

 

International Journal of Multicultural 
and Multireligious Understanding 

http://ijmmu.com 

editor@ijmmu.com 

ISSN  2364-5369 

Volume 12, Issue 5 

April, 2025 

Pages: 225-239 

 

Diagnostic Test Research Trends In Science Education: A Systematic Review 

Nurdiyanti Nurdiyanti; Supahar Supahar; Siti Maryam Ulfa; Irfandi Rudin 

Department of Physics Education, Universitas Negeri Yogyakarta, Indonesia 

http://dx.doi.org/10.18415/ijmmu.v12i5.6679 

                                                                                                  

 

Abstract  

This study examines research trends related to diagnostic tests in science education from 2018 to 

2023, emphasizing their role in enhancing educational quality. The study employs a systematic literature 

review (SLR) following PRISMA guidelines, utilizing the Scopus database as the primary source. A total 

of 673 articles were initially identified, and 53 met the inclusion criteria for further evaluation. The 

findings underscore the critical role of diagnostic tests in identifying misconceptions, improving 

conceptual understanding, and assessing students' reasoning skills and affective dimensions. Research 

trends indicate a notable increase in publications on this topic in 2023. Further analysis using VOSviewer 

reveals that misconceptions are the most frequently associated aspect with diagnostic tests, emphasizing 

the importance of accurate diagnostic assessments in educational research. 

Keywords: Diagnostic Test; Science Education; PRISMA; Systematic Literature Review; VOSviewer 

 
Introduction 
 

Science learning is an integral part of education that involves understanding scientific concepts. 

To produce good science learning, quality assessments are needed. Assessment holds very important 

power in the field of education (Day et al., 2018) because it is not only a tool for measuring student 

learning progress, but also an instructional instrument that influences the teaching and learning process. 

Assessments in science education not only measure students' knowledge but must also be able to evaluate 

students' understanding of scientific concepts and their ability to apply them in real-life situations 

(Osborne & Dillon, 2014). Assessment preferences are also related to learning strategies and orientations 

(Birenbaum, 1997), thus they must be carefully structured for science education. Furthermore, the 

enhancement of educational quality through well-designed assessments is crucial in the context of 

sustainable development. By ensuring that students not only grasp scientific concepts but also develop the 

ability to apply them in real-world scenarios (Bramwell-Lalor, 2019), assessments can foster a generation 

equipped to address global challenges, thereby contributing to the goals of sustainable development. 

Educational assessment is a big agenda at both international and national levels. Implementation 

of assessments such as PISA (Program for International Student Assessment), PIRLS (Progress in 

International Reading Literacy Study), and TIMSS (Trends in International Mathematics and Science 

Studies) continues to develop and encourage the emergence of assessment innovation at the national level. 

The progression of the assessment revealed several deficiencies in assessment practices, including 

extended delays between test administration and feedback, the limited utility of summative test results for 

http://ijmmu.com/
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personalized intervention, and a general absence of student-specific feedback (Csapó & Molnár, 2019). 

This has an impact on learning patterns that are only test-oriented and test score inflation (Koretz, 2017), 

as well as the harmful influence on the educational atmosphere in schools and stress on educators (von 

der Embse et al., 2016).  

Existing deficiencies have prompted a shift in learning assessment patterns. Assessment now 

focuses more on formative assessments or diagnostic assessments rather than summative assessments 

(Csapó & Molnár, 2019). There is no clear-cut distinction between diagnostic and formative assessments, 

nor is there a universally accepted definition of diagnostic assessment. However, diagnostic assessments 

are typically characterized by their focus on identifying problems, exploring potential difficulties, and 

determining whether students are prepared for learning tasks, thereby measuring prerequisite knowledge. 

Additionally, diagnostic assessments are often accompanied by interventions, such as compensatory 

instruction to address identified obstacles and the provision of various supportive activities (e.g., in 

mathematics, which facilitates data-driven decision-making (Brendefur et al., 2018), or in reading 

(Filderman et al., 2018)). 

To increase the effectiveness of science learning, the role of diagnostic tests is increasingly 

recognized as a critical tool in identifying and responding to specific student learning needs. Diagnostic 

tests or assessments are tools used to identify students' learning difficulties (Miller et al., 2009). Apart 

from that, diagnostic assessments also indicate whether students have a correct understanding of a 

concept or not (Istiyono et al., 2023), and uncover students' misconceptions and the reasons behind their 

misconceptions of scientific understanding (Gierl, 2007). A teacher can use diagnostic tests to find errors 

in answers given by students so that they can plan efforts to correct students' knowledge problems. 

Several studies have been conducted regarding assessment in physics education. Studies that 

focus on the use of four-tier tests to detect misconceptions in physics education (Çelikkanlı & Kızılcık, 

2022) Other research on diagnostic tests also discusses more general aims to evaluate research related to 

diagnostic tests for educational assessment, possible future developments, and the impact of 

implementing evaluation in education (Maulana et al., 2023). Meanwhile, the research provides 

information about general topics that students often experience in science misconceptions, and diagnostic 

assessments used to identify student misconceptions in science and provide a comparison of each 

instrument along with its weaknesses and strengths which are reviewed. Diagnostic tests are believed to 

have many uses besides determining misconceptions in students (Soeharto et al., 2019). However, 

currently there is not much research on diagnostic tests in science learning. Therefore, this research will 

reveal the various benefits of diagnostic tests in science learning so that it is hoped that it can provide a 

comprehensive picture of diagnostic tests for future educational development. Research questions in this 

study include: (a) What types of diagnostic tests are used in science learning? (b) What is the role of 

diagnostic tests in science learning? 

 

Method 

This research is a systematic literature review (SLR). This research method aims to minimize 

systematic error (bias) by identifying, evaluating, and synthesizing all relevant studies, regardless of 

design, to address a specific question or set of questions (Petticrew & Roberts, 2006). In addition, SLR 

can benefit the field of education by providing better information on practice and identifying important 

new directions for research (Borrego et al., 2014). Researchers followed PRISMA guidelines to ensure 

that this systematic literature review was systematic as follows (Page et al., 2021; Sun et al., 2023).  
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Figure 1. Flowchart Illustrating the Review Selection Process 

The electronic scientific database used to identify relevant research is Scopus. The search process 

was completed in early November 2023. The search terms selected based on their relevance to the 

research objectives included: diagnostic tests (“diagnostic test” OR “diagnostic assessment” OR 

“diagnose test” OR “diagnose assessment”); education (“science education” OR “science learning” OR 

“science teaching” OR “science study”); and multitier (“two tier” OR “three-tier” OR “four tier” OR “five 

tier” OR “multitier”). Literature searches in scientific databases were carried out using the PRISMA 

method (Page et al., 2021; Sun et al., 2023). This procedure is divided into four stages: (1) identification, 

(2) screening, (3) eligibility, and (4) included as in Figure 1. The first stage in this research was a 

systematic search of electronic databases that met the inclusion criteria. These criteria include: a) this 

research is empirical research related to diagnostic tests in the field of education, b) the subject matter in 

the research includes science learning in physics, chemistry, biology, and mathematics. c) participants 

involved from elementary school, middle school to university level. d) research published between 2018 

and 2023. e) research written in English. Researchers excluded studies that examined special populations, 

such as students with intellectual disabilities, and studies that were not directly related to the use of 

diagnostic tests. 

This search process yielded 673 articles. Subsequently, the second stage entailed reviewing the 

titles and abstracts of chosen research articles. Altogether, this screening process yielded 91 pertinent 

articles, with 9 duplicates identified upon comprehensive scrutiny of the screening outcomes. The third 

stage involved evaluating the appropriateness of the articles, resulting in 82 articles being selected. This 

assessment involved thorough reading of the articles to determine their adherence to the specified 

inclusion criteria: (a) the research includes information relevant to various types of diagnostic tests, (b) 

this research includes information related to the benefits of diagnostic tests in learning, (c) The research 

explains the research methods and instruments, as well as various findings from the use of diagnostic 

tests. Next, the researchers considered the 53 articles extracted in the final stage. 

The final selected articles were thoroughly reviewed and codified. Coding is done by collecting 

similar articles to answer research questions. First, researchers grouped articles according to year of 
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publication and country of research location. Second, researchers identified research findings in these 

articles such as the type of diagnostic test used and the benefits of the diagnostic test. Third, researchers 

use tools to help analyze research trends regarding diagnostic tests using the Vosviewer application. 

Finally, the researcher revealed recommendations for future research from each article reviewed.  

 

Results and Discussion 

The results of searching for articles in the Scopus database produced 53 articles and a codification 

process was carried out. After that, researchers analyzed the contents of each article more deeply to 

process it into data that was easy to understand. First, the articles reviewed from 2018-2023 show the 

distribution in Figure 2. 

 
Figure 2. Classification of Publication Years of Diagnostic Tests 

 Research on diagnostic tests has a fluctuating frequency every year. In the last 5 years, the 

research trend shows a significant increase in 2023 followed by 2019. The lowest number of published 

articles was in 2022, with one distinct study (Phanphech et al., 2022) examines the impact of student 

anxiety resulting from online learning in different learning environments, namely asynchronous 

(YouTube) and synchronous (Zoom) learning environments and aims to compare students' conceptual 

understanding of electrical circuits. 

 

Figure 3. Distribution of Research Location Countries 
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The largets distribution of research location regarding diagnostic test is in Indonesia. Numerous 

studies in Indonesia focus on diagnostic assessments because the Ministry of Education and Culture has 

instructed teachers to conduct these assessments before starting lessons, particularly during the pandemic. 

This highlights the importance of diagnostic assessments for teachers and encourages researchers to 

explore the process and use of feedback from these assessments from the teachers' perspective (Yusron et 

al., 2024). 

The next analysis involves mapping related articles using the VOSviewer application. VOSviewer 

is a powerful tool designed to create and visualize bibliometric networks, allowing researchers to identify 

key trends, influential authors, and significant topics within a given field (van Eck & Waltman, 2010). In 

this study, VOSviewer was employed to map the research related to diagnostic tests, providing a 

comprehensive overview of the research landscape. The results of this mapping, which are illustrated in 

Figure 4, help in understanding the relationships and connections between various studies, facilitating 

more informed and targeted research efforts. 

 

Figure 4. Mapping from VosViewer Related Diagnostic Tests 

Based on network analysis from Vosviewer, it shows that misconceptions are the aspect most 

related to diagnostic tests. These misconception keywords have a strong relationship with various types of 

diagnostic tests such as multitier diagnostic tests (two-tier, three-tier, four-tier). In addition, there is a 

range of participants from elementary to middle school students, university students, and pre-service 

teachers. Furthermore, articles about diagnostic tests in Vosviewer show the field of science education 

studies from various materials in biology, physics and chemistry. The distribution of publications 

according to subject matter is shown in the following Table 1:  

Table 1. Subjects addressed by diagnostic tests 

Subjects Frequency 

Biology 6 

Chemistry 7 

Mathematics 3 

Physics 28 

Science 11 

 

Types on Diagnostics Tests 

Based on the results of this study, various types of diagnostic tests were found to be used. Each 

diagnostic test comes from diverse research methodologies, including instrument development studies for 
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three-tier, four-tier, five-tier, six-tier, and two-tier diagnostic test types. These different tiers represent 

varying levels of complexity and depth in assessing students' understanding, providing a more nuanced 

and detailed evaluation of their learning progress and misconceptions. Such variety in diagnostic tests 

highlights the ongoing efforts to improve educational assessment tools and tailor them to specific 

educational needs and contexts.  

 

Figure 5. Diagram Types of Diagnostic Test 

Based on the distribution of this data, the type of diagnostic test instrument used most is the three-

tier diagnostic test (n=12). The next most common types of research (n=10) used were four-tier diagnostic 

tests and two-tier diagnostic tests. Furthermore, the diagnostic tests used once each include: essay, 

multiple choice only, self-diagnosis, blending diagram, cognitively diagnostic assessment, diagnostic 

adapted from TIMSS, six tier, and five-tier diagnostic tests. Apart from that, there are 9 other types of 

studies. 

Role of Diagnostic Test in Science Education 

The studies that have been reviewed are then identified based on the role of the diagnostic test 

used. The author classifies these studies into several groups, each focusing on different purposes of 

diagnostic tests: identifying misconceptions, understanding concepts, assessing reasoning skills, 

evaluating attitude aspects, and determining class placement before learning. This classification helps to 

highlight the diverse applications and benefits of diagnostic tests in educational research. By analyzing 

the distribution of diagnostic test use, as shown in Table 2 below, researchers can gain insights into how 

these tests are utilized to address specific educational needs and challenges. This systematic 

categorization not only provides a clearer understanding of the existing research landscape but also 

underscores the importance of tailored diagnostic assessments in improving educational outcomes and 

guiding instructional practices. 
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Table 2. Distribution of the Role of Diagnostic Tests in Science Education 

Aspect Role References Freq. 

Miscon-

ception 

Detecting/identifying/exploring 

misconceptions 

(Aksoy & Erten, 2022; Anam et al., 2019; Andariana et al., 2020; 

Astuti et al., 2023; Hadinugrahaningsih et al., 2020; Imaduddin et 

al., 2023; Istiyani et al., 2018; Kaniawati et al., 2019; Kiray & 

Simsek, 2021; Laeli et al., 2023; Lim & Poo, 2021; Mubarokah et 

al., n.d.; Nahadi, 2022; Prodjosantoso et al., 2019; Soeharto & 

Csapó, 2021; Suprapto et al., 2018; Taban & Kiray, 2022; 

Wancham et al., 2023b, 2023a) 

24 

 Identify students at risk of low 

achievement 

(Kang & Yoon, 2022) 

 Tested reducing levels of 

misconceptions using narrative 

feedback, e-learning modules, and 

realistic videos. 

(Djudin, 2021; Halim et al., 2021) 

Student 

understan-

ding 

Identify conceptual understanding (Adimayuda et al., 2020; Hadinugrahaningsih et al., 2020; Istiyono 

et al., 2023; Kahraman, 2019; Majer et al., 2019; Mbwile et al., 

2023; Nasir et al., 2023; Phanphech et al., 2022; Ping et al., 2020; 

Sopandi & Sukardi, 2020; Yeo et al., 2022) 

15 

 Identify differences in understanding 

of the genders 

(Kahraman, 2019) 

 Identify various student practices, 

knowledge, and beliefs in all three 

aspects of computational literacy 

(material,cognitive, and social 

aspects) 

(Odden et al., 2019) 

 Diagnose HOTS (Ramadhan et al., 2019) 

Affective Understand student beliefs and 

attitudes 

(Miranda & Rada, 2018) 4 

 Knowing the development of 

students' disciplinary literacy 

(Chubko et al., 2019) 

 Understand students' beliefs and 

attitudes, determine the development 

of students' disciplinary literacy, 

identify creative thinking skills 

(Batlolona et al., 2019) 

 Testing the effect of collaborative 

mind mapping 

(Fung & Liang, 2023) 

Student 

reasoning 

Diagnosing difficulties in students' 

reasoning. 

(Van Den Eynde et al., 2020) 2 

 To diagnose unipolar reasoning in 

electricity. 

(Métioui & Trudel, 2020) 

Placement 

test 

For physics placement, a predictor of 

student success in learning 

(Burkholder et al., 2021) 1 

Others  (Canlas, 2021; Irmak et al., 2023; Jumadi et al., 2023; Nurfalah et 

al., 2020; Safadi & Saadi, 2021) 

5 
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The studies reviewed are classified based on the role of the diagnostic test used. This 

classification helps to highlight the diverse applications and benefits of diagnostic tests in educational 

research. By analyzing the distribution of diagnostic test use, as shown in Table 2 below, researchers can 

gain insights into how these tests are utilized to address specific educational needs and challenges. The 

objectives of the successive studies are: identifying misconceptions (47%), understanding conceptual 

knowledge (29.4%), evaluating affective aspects (7.8%), assessing student reasoning (3.9%), placement 

tests (1.98%), and others/not specifically studied (9.8%). This distribution reflects the primary focus areas 

within the field of diagnostic assessments and underscores the importance of a comprehensive approach 

to evaluating student learning and instructional effectiveness. This systematic categorization not only 

provides a clearer understanding of the existing research landscape but also emphasizes the value of 

tailored diagnostic assessments in enhancing educational outcomes and guiding teaching practices. 

Research often aims to identify student misconceptions, such as studies focused on developing 

Android-based assessment applications using four-tier diagnostic test instruments to detect physics 

misconceptions among State Senior High School students. This research resulted in a product that 

includes a test question grid, test questions, answer sheets, instructions for answering questions, answer 

keys, assessment guidelines, and guidelines for interpreting results. The test questions are structured into 

four levels: questions with one correct answer and three distractors, and a measure of the confidence in 

the answers. This app can identify students' physics misconceptions from grade 10 to grade 12 in physics 

subjects. Another study researched the development of diagnostic assessments for teachers to identify 

students at risk of experiencing low achievement by collecting data from a total of 355 responses from 

primary and lower secondary school students (Kang & Yoon, 2022). Students' perceptions of most items 

align with the level assessment criteria, reflecting micro-level learning progress. However, some 

inconsistencies offer insights for adjusting learning progress to better match students' thinking patterns. 

Additionally, students exhibit learning challenges that necessitate additional support. Meanwhile, research 

has identified various profiles of students' misconceptions about buoyancy, noting a 54.71% decrease in 

these misconceptions following treatment (Djudin, 2021). Significant conceptual changes regarding 

buoyancy were observed among students after the intervention, indicating that the treatment was highly 

effective. (mean gain = 0.82). 

Further analysis in the use of diagnostic tests to identify conceptual understanding.  The Four-

Tier Diagnostic Test (FTDT) Based on the Modern Test Theory instrument they developed can describe 

high school students' conceptual understanding of physics (Istiyono et al., 2023). Conducting exploratory 

studies on literacy has yielded a framework that can be theoretically applied to diagnose students' 

computing difficulties, differentiate educational approaches that emphasize either material or cognitive 

aspects of computational literacy, and underscore both the advantages and limitations of open projects 

like computational essays for student learning (Odden et al., 2019). 

The use of diagnostic tests is also done to understand the beliefs and attitudes of engineering 

students from a Colombian-accredited university about physics and how physics should be taught in this 

context (Miranda & Rada, 2018). The results of this study highlight several students' answers and 

examine the impact of their beliefs on their attitudes so that physics courses should be oriented or 

prepared in such a way that students can solidify their beliefs and attitudes. Then, research developed a 

two-tier test to diagnose unipolar reasoning in electricity in 100 students aged 20-25 years who are 

registered as third-year students at the University in the Baccalaureate Program in Science Education 

(Métioui & Trudel, 2020). Finally, diagnostic tests can also be used for placement tests, such as the study 

of students taking physics mechanics classes at Stanford University . The study results indicated that most 

students adhered to the initial testing process, and diagnostic test scores effectively predicted performance 

in both introductory physics courses for physics majors and courses aimed at science and engineering 

majors. However, these scores were not good predictors for performance in the other two courses, likely 

due to a misalignment between course objectives and the diagnostic measures. The researcher also 

discovered that many individual questions were highly effective in predicting performance across 

different courses, highlighting specific topics emphasized in teaching. Of the 38 questions, 27 were 
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predictors of performance in at least one course, while only 8 questions were neither predictive of course 

performance nor indicative. 

This research reviews the study of trends in the use of diagnostic tests in science education in the 

last 5 years (2018-2023). The search is limited to the specified database as in the methodology section. In 

addition, the study includes a wide range of studies published only in English because of the language 

that the author can understand. Therefore, future research can be expanded by investigating studies from 

languages other than English. Previously, another research also reviewed 58 four-level diagnostic test 

articles in physics education from 2010 to 2012 in English and Turkish (Çelikkanlı & Kızılcık, 2022). 

In terms of subject matter, it was found that the most dominant diagnostic tests were studied in 

physics learning. This shows the author's limitations in reviewing all subjects equally. However, on the 

other hand, it provides a more comprehensive picture for diagnostic test research in physics learning and 

can be used further by researchers in the future. In multitier diagnostic tests, the number of questions must 

be increased and made more efficient. Developing efficient tests across various physics topics will be 

beneficial in diagnosing misunderstandings. Additionally, strategies that focus on developing a high level 

of self-confidence in students should be considered in future research. The future research should also 

explore how diagnostic tests can be used to promote equitable learning opportunities and enhance the 

overall quality of education in diverse subjects. 

Conclusion 

This study has examined the use of diagnostic tests in science learning. The types of diagnostic 

test instruments used are two-tier diagnostic test, essay, three-tier diagnostic test, multiple choice, four-

tier diagnostic test, self-diagnosis, blending diagram, cognitively diagnostic assessment, diagnostic 

adapted from TIMSS, six-tier and five-tier diagnostic tests. Diagnostic tests play a big role in identifying 

student misconceptions, identifying students at risk of low achievement, and testing for reduced levels of 

misconceptions using narrative feedback, e-learning modules, and realistic videos. In addition, his role 

includes identifying conceptual understanding, identifying differences in understanding between genders, 

identifying various knowledge, practices, and beliefs of students in the three aspects of computational 

literacy (material, cognitive, and social aspects), and diagnosing HOTS. Other aspects that can be 

measured from diagnostic tests are understanding students' beliefs and attitudes, knowing the 

development of students' disciplinary literacy, identifying creative thinking skills, testing the effects of 

collaborative mind mapping, diagnosing difficulties in students' reasoning, diagnosing unipolar reasoning 

in electricity and for physics placement, predictors. student success in learning. Diagnostic tests support 

sustainable development in education by promoting fair learning opportunities, improving teaching 

practices, and enhancing science education quality, which helps build more resilient and effective 

educational systems. 
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