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 Background: Misconceptions in geometric optics remain persistent, including 
among prospective physics teachers, and are often difficult to detect using 
conventional assessments that focus only on final answers. Although four-tier 
diagnostic tests provide deeper conceptual information, their implementation is 
generally static and may reduce assessment efficiency. 
Aims: This study aimed to develop and evaluate a rule-based adaptive four-tier 
diagnostic quiz system capable of identifying misconceptions more efficiently 
while maintaining stable diagnostic classifications. 
Method: The study employed a research and development approach using the 
ADDIE model. A web-based adaptive diagnostic was developed by integrating a 
four-tier scoring scheme with transparent rule-based adaptive decisions. The 
platform was tested on 36 prospective physics teacher students. Data were 
analyzed descriptively to examine adaptive test length, diagnostic pathways, and 
classification stability. 
Results: The adaptive system reduced the average test length from 15 static 
items to 11.5 items, representing an efficiency gain of 23.3%. A total of 77.8% of 
participants reached diagnostic stability before the maximum item limit, and the 
classification consistency rate reached 83.3%. The system also revealed 
variations in misconception patterns across topics, with concave mirror concepts 
showing the highest proportion of strong misconceptions. 
Conclusion: The rule-based adaptive four-tier system improved diagnostic 
efficiency while maintaining stable classification outcomes. The transparent 
adaptive mechanism makes the system suitable for formative diagnostic 
assessment in physics education, although further studies with larger samples 
are recommended.  
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INTRODUCTION 

Misconceptions remain a persistent challenge in physics education, particularly in the domain 

of geometrical optics. Numerous studies report that students, including prospective physics teachers, 

may select correct answers while still holding inaccurate conceptual explanations when required to 

justify their reasoning (Kaltakci-Gurel et al., 2017; Soeharto et al., 2019). Research in physics 

education has consistently shown that students’ conceptual difficulties often persist even after 

formal instruction and may hinder meaningful conceptual understanding (Ivanjek et al., 2016; 

Neidorf et al., 2020). These misconceptions frequently arise because students construct intuitive 

explanations that conflict with scientifically accepted models, making them difficult to identify using 

conventional assessment approaches (Rusilowati, 2017; Soeharto et al., 2019). Therefore, diagnostic 

assessment instruments that can capture students’ reasoning processes and levels of confidence are 
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needed to identify conceptual misunderstandings more accurately (Hasan et al., 2017; Jang et al., 

2019). 

Conventional multiple-choice tests have limited ability to reveal misconceptions because 

correct responses may be produced through guessing or incomplete reasoning. As highlighted by 

Ivanjek et al. (2016), traditional assessment formats often fail to capture the underlying conceptual 

structures that shape students’ understanding of physical phenomena. To address this limitation, 

multi-tier diagnostic assessments have been developed to evaluate not only students’ answers but 

also their reasoning and confidence levels (Peşman & Eryilmaz, 2018). Among these formats, the 

four-tier diagnostic test has gained considerable attention because it integrates conceptual answers, 

reasoning, and confidence judgments within a single assessment framework (Kaltakci-Gurel et al., 

2017). This structure allows researchers to distinguish between scientifically correct responses 

supported by appropriate reasoning and responses generated through guessing or partial conceptual 

understanding. 

Empirical studies demonstrate that four-tier diagnostic instruments are effective in identifying 

various categories of conceptual understanding and misconceptions in science learning. Previous 

studies have applied four-tier diagnostic tests to investigate misconceptions in various physics 

topics, including Newton’s laws, fluid mechanics, and harmonic motion (Kanıawatı et al., 2019; 

Putranta & Afifah, 2025; Tumanggor et al., 2020). Similar approaches have also been used to diagnose 

misconceptions in heat, temperature, and electromagnetism (Aini et al., 2025; Festiana et al., 2019). 

More recent studies have continued to develop and apply four-tier diagnostic instruments in physics 

learning contexts to identify students’ misconceptions more precisely (Çelikkanlı & Kızılcık, 2022; 

Kiray & Simsek, 2021; Rusilowati et al., 2024). These findings confirm that misconceptions remain 

prevalent even among university students and prospective teachers, highlighting the need for 

diagnostic approaches capable of capturing students’ conceptual structures more comprehensively. 

Alongside the development of diagnostic assessment approaches, advances in educational 

technology have encouraged the development of adaptive assessment systems. Technology-

enhanced assessment environments can improve measurement efficiency and support 

individualized feedback during the learning process (Spector et al., 2016). Moreover, recent 

developments in artificial intelligence and digital learning technologies indicate that adaptive 

assessment can support data-driven learning environments that respond to students’ individual 

characteristics (Holmes et al., 2019; Zawacki-Richter et al., 2019). Computer-based assessment 

systems also provide opportunities to dynamically adjust assessment items based on learners’ 

responses, allowing assessment processes to become more flexible and responsive (Sargazi 

Moghadam et al., 2024; Shute & Rahimi, 2017). 

Despite these developments, many adaptive assessment systems are primarily designed to 

estimate students’ ability levels rather than diagnose conceptual misconceptions in depth. In other 

words, adaptive testing is often focused on performance measurement rather than identifying the 

conceptual reasoning underlying students’ answers. At the same time, most implementations of four-

tier diagnostic tests are still conducted in static formats, where all students complete the same 

sequence of items regardless of their conceptual profiles (Rusilowati, 2017). Such static structures 

may reduce assessment efficiency and increase cognitive load during diagnostic testing. 

Therefore, a gap remains between the diagnostic depth offered by four-tier tests and the 

efficiency provided by adaptive assessment systems. Four-tier diagnostic tests provide detailed 

information about students’ conceptual understanding, yet their implementation remains largely 

static. In contrast, adaptive assessment systems emphasize efficiency and personalization but often 

lack the ability to diagnose misconceptions in detail. Bridging this gap requires the development of 

an assessment approach that integrates the conceptual diagnostic capabilities of four-tier tests with 

an adaptive mechanism that is transparent, efficient, and applicable in classroom contexts. 
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Based on this rationale, the present study aims to develop and evaluate a rule-based adaptive 

four-tier diagnostic quiz system designed to identify misconceptions in geometrical optics more 

efficiently while maintaining stable diagnostic classifications. The proposed system integrates the 

diagnostic strength of four-tier assessments with a rule-based adaptive mechanism that dynamically 

adjusts item difficulty according to students’ diagnostic responses. This study contributes to physics 

education research in three ways. First, it proposes a rule-based adaptive diagnostic framework that 

combines conceptual diagnosis with adaptive assessment efficiency. Second, it introduces a 

transparent adaptive decision mechanism that can be implemented in classroom-based formative 

assessment without requiring complex probabilistic calibration models. Third, the study provides 

empirical evidence regarding the efficiency and diagnostic stability of an adaptive four-tier 

diagnostic system in identifying misconception patterns among prospective physics teachers. 

METHOD 

Research Design 

This study employed a research and development (R&D) approach using the ADDIE model, 

which consists of five stages: analysis, design, development, implementation, and evaluation. The 

ADDIE model was selected because it provides a systematic framework for designing, implementing, 

and evaluating educational products and assessment systems (Branch, 2009; Richey & Klein, 2014). 

The purpose of this study was not to test statistical hypotheses, but to design and evaluate the 

functionality, rule performance, and diagnostic characteristics of a rule-based adaptive four-tier 

assessment system. The analysis stage involved identifying common misconceptions in geometric 

optics. The design stage included the development of four-tier diagnostic items and adaptive decision 

rules. The development stage involved system programming and expert validation. The 

implementation stage consisted of a limited field trial. The evaluation stage focused on system 

performance, adaptive pathways, and diagnostic classification outcomes. The overall development 

process following the ADDIE framework is illustrated in Figure 1. 

 
Participants 

The participants in this study were prospective physics teachers enrolled in a physics 

education program at a state university. A total of 36 students voluntarily participated in the limited 

Figure 1. Stages of diagnostic assessment system development using the ADDIE model. 
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field trial phase. All participants had previously completed a course in geometric optics. Participation 

was conducted with informed consent, and all data were anonymized to ensure confidentiality. 

The sample size of 36 participants was considered sufficient for functional system testing, rule 

verification, and diagnostic pathway evaluation, which were the primary objectives of this 

development study. In design-based and prototype-oriented research, limited samples are 

commonly used to evaluate system logic, termination criteria, and rule stability before large-scale 

deployment (Branch, 2009; Richey & Klein, 2014; Annisa et al., 2024). 

Therefore, the sample size was not intended for statistical generalization, but for evaluating 

system functionality and diagnostic decision consistency. This constitutes a methodological 

limitation, and further studies with larger and more diverse samples are recommended. 

Population and Sampling 

The population of this study consisted of all prospective physics teachers in the physics 

education program. Convenience sampling was employed because the main objective of the study 

was the development and functional evaluation of the adaptive diagnostic system rather than 

statistical generalization. 

In development-oriented research, limited and accessible samples are commonly used to test 

system functionality, rule performance, and termination mechanisms under controlled conditions 

(Branch, 2009; Richey & Klein, 2014). Accordingly, the number of participants was determined based 

on the needs of system testing, including verification of adaptive rules, diagnostic stability, and 

classification consistency. 

Instruments 

The diagnostic instrument used in this study was a four-tier diagnostic test covering five topics 

in geometric optics: plane mirrors, concave mirrors, convex mirrors, convex lenses, and concave 

lenses. Each item consisted of four levels: 

1. Conceptual multiple-choice question 

2. Confidence level in the conceptual answer 

3. Multiple-choice reasoning question 

4. Confidence level in the reasoning 

This structure allows the instrument to identify not only answer correctness but also reasoning 

quality and confidence level, thereby enabling more detailed diagnosis of misconceptions (Caleon & 

Subramaniam, 2010; Gurel et al., 2015). The structure of the four-tier instrument is summarized in 

Table 1. 

Table 1. Four-tier diagnostic test structure and scoring scheme 

Tier Description Response Type Diagnostic Function 
Tier 1 Conceptual question 

related to geometrical 
optics concepts 

Multiple-choice answer Identifies students’ initial 
conceptual responses 

Tier 2 Confidence level for the 
Tier 1 answer 

Confidence scale (e.g., 
confident / not confident) 

Distinguishes between confident 
answers and guesses 

Tier 3 Reasoning question 
explaining the Tier 1 
answer 

Multiple-choice reasoning Reveals students’ underlying 
conceptual reasoning 

Tier 4 Confidence level for the 
Tier 3 answer 

Confidence scale (e.g., 
confident / not confident) 

Determines the stability of 
students’ conceptual reasoning 

 

Diagnostic Scoring Scheme 

The diagnostic score for each item was computed using a rule-based four-tier classification 

scheme. Let: 

• C1 = correctness of conceptual answer (1 = correct, 0 = incorrect) 
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• R = correctness of reasoning (1 = correct, 0 = incorrect) 

• K1 = confidence in conceptual answer (1 = confident, 0 = not confident) 

• K2 = confidence in reasoning (1 = confident, 0 = not confident) 

The diagnostic score was determined using a rule-based classification scheme rather than a 

direct mathematical formula. Each combination of conceptual answer correctness, reasoning 

correctness, and confidence levels was mapped into one of four diagnostic categories: sound 

understanding, partial understanding, weak misconception, or strong misconception. The complete 

classification rules are presented in Appendix A. The final classification is interpreted using the 

following rules: 

Table 2. Classification Rules 

Score Category 
3 Sound conceptual understanding 
2 Partial understanding 
1 Weak misconception 
0 Strong misconception 

 
This scoring approach integrates correctness and confidence dimensions to differentiate levels 

of conceptual stability, consistent with four-tier diagnostic principles (Caleon & Subramaniam, 2010; 

Gurel et al., 2015). A detailed rule table and pseudo-code for the adaptive mechanism are provided 

in Appendix A. 

Content Validity and Reliability 

The content validity of the instrument was evaluated through expert judgment involving three 

physics education experts. Each item was assessed in terms of conceptual relevance, clarity, 

distractor quality, and alignment with geometric optics concepts. 

The Content Validity Index (CVI) was calculated at the item level (I-CVI) and scale level (S-CVI). 

All items obtained I-CVI values above 0.80, and the overall S-CVI exceeded 0.90, indicating strong 

expert agreement and high content validity (Lynn, 1986; Polit & Beck, 2006). 

Because the system employed an adaptive structure in which participants did not receive 

identical item sequences, traditional internal consistency measures such as Cronbach’s alpha were 

not emphasized. Instead, reliability was evaluated using classification consistency indicators, 

including: 

1. Consistency of diagnostic categories across consecutive items within a topic 

2. Stability of classifications across adaptive pathways 

3. Repeatability of diagnostic outcomes across different topics 

These indicators align with recommended reliability approaches for adaptive and diagnostic 

assessment systems, where decision stability is more relevant than internal consistency coefficients 

(Shute & Zapata-Rivera, 2012; Van der Linden & Glas, 2010). 

Adaptive Diagnostic System 

The diagnostic system was implemented as a web-based application integrating four main 

components: 

1. User interface module 

2. Four-tier diagnostic engine 

3. Rule-based adaptive decision module 

4. Database for storing responses and results 
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The system workflow is illustrated in Figure 2. 

Termination Criteria 

The system used a dual termination mechanism. The assessment was automatically 

terminated when one of the following conditions was met: 

1. Diagnostic stability achieved 

2. Maximum of 15 items reached 

Diagnostic stability was operationally defined as the repetition of the same diagnostic 

category across the last two consecutive items within a topic. This rule ensured that final 

classifications were based on consistent response patterns rather than single-item outcomes. 

Adaptive Decision Rules 

If the termination criteria were not met, the system executed a rule-based adaptive 

mechanism to determine the next item. The adaptive decision logic was defined as follows: 

Adaptive decision rules: 

1. Start with a medium-difficulty item. 

2. Compute diagnostic score S. 

3. If S = 3: → move to a higher-difficulty item 

4. If S = 2: → present a confirmation item at the same difficulty level. 

5. If S  1: → move a lower-difficulty or remedial item. 

6. After each item, check termination criteria: 

• If diagnostic stability achieved → terminate 

• Else if item count  15 → terminate 

• Else → continue adaptive selection 

 

 
 
 
 
 
 

Figure 2. Rule-based adaptive decision-making flow of the diagnostic assessment system. 
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The adaptive logic flow is presented in Figure 3. 

 

 

Figure 3. Adaptive Logic Flowchart for Item Difficulty Determination 

System Architecture 

The adaptive decision-making process operates within a multi-layered system architecture, 

as illustrated in Figure 4. The architecture consists of four layers: 

1. User Layer 

2. Presentation Layer 

3. Logic Layer 

4. Database Layer 

The Logic Layer integrates three core components: 

• Four-tier diagnostic engine 

• Rule-based adaptive engine 

• Learning analytics module 

This architecture supports diagnostic validity by ensuring that each adaptive decision is 

directly derived from the four-tier diagnostic score and rule-based classification logic. The separation 

of diagnostic processing, adaptive decisions, and analytics ensures transparency of classification 

rules and traceability of diagnostic pathways. 
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Procedures 

The research procedures were conducted in four stages: 

1. Development and expert validation of four-tier diagnostic items 

2. Formulation of adaptive rules based on diagnostic score thresholds 

3. Implementation and functional testing of the web-based system 

4. Individual completion of the adaptive diagnostic quiz by participants 

During the implementation stage, the system automatically recorded: 

• Student responses 

• Diagnostic scores 

• Adaptive pathways 

• Final misconception classifications 

 

 
 

Figure 4. User-oriented system architecture of the web-based adaptive four-tier 
diagnostic assessment system. 
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Data Analysis 

Data were analyzed using descriptive statistical methods. The analysis focused on: 

1. Number of items completed by each participant 

2. Adaptive diagnostic pathways 

3. Distribution of conceptual understanding categories 

Descriptive analysis was considered appropriate because the primary objective of the study 

was to evaluate system functionality, rule performance, and diagnostic characteristics rather than to 

test inferential hypotheses (Fraenkel et al., 2012). 

RESULTS AND DISCUSSION 
 

Results 

System Performance and Adaptive Test Efficiency 

The rule-based adaptive four-tier diagnostic system functioned properly during the 

implementation phase. All participants were able to access the web-based platform and complete the 

diagnostic assessment without technical difficulties. The system successfully recorded student 

responses, applied adaptive decision rules, and generated diagnostic outputs in real time. 

To evaluate the efficiency and stability of the adaptive system, several performance 

indicators were calculated. A comparison between the static four-tier test length and the adaptive 

test outcomes is presented in Table 2. 

Table 2. Efficiency and Diagnostic Stability Indicators of the Adaptive System 

Indicator Definition Result 

Static test length 
Total items if using full four-tier 
instrument 

15 items 

Adaptive test length (min–max) Range of items completed per participant 10–14 items 
Mean adaptive test length Average number of items completed 11.5 items 
Average item reduction Reduction compared to static test 3.5 items (23.3%) 
Participants reaching stability before 
max items 

Terminated by stability rule 
28 of 36 (77.8%) 

Participants reaching max item limit Terminated by item limit 8 of 36 (22.2%) 
Classification consistency rate Stable category in last two items 30 of 36 (83.3%) 
Mean confirmation items per 
participant 

Average number of confirmation items 
1.2 items 

Maximum confirmation items Highest number observed 3 items 
 

The static diagnostic instrument consisted of 15 items across five geometric optics topics. In 

contrast, the adaptive system assigned between 10 and 14 items per participant, with an average of 

11.5 items. This indicates an average reduction of 3.5 items, or approximately 23.3% compared to 

the static test length. 

In terms of termination mechanisms, 28 out of 36 participants (77.8%) reached diagnostic 

stability before the maximum item limit was reached, while only 8 participants (22.2%) completed 

the full item limit. This suggests that the stability-based termination rule functioned effectively in 

shortening the diagnostic process. 

The classification consistency rate, defined as the proportion of participants achieving the 

same diagnostic category in the final two consecutive items, reached 83.3%. These findings indicate 

that most classifications were derived from stable response patterns rather than isolated answers.  

Additionally, the system triggered an average of 1.2 confirmation items per participant, with 

a maximum of three confirmation items observed in more complex diagnostic pathways. This 

confirms the role of confirmation items in stabilizing classification decisions, consistent with 

adaptive diagnostic principles (Shute & Zapata-Rivera, 2012). 
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Characteristics of Adaptive Diagnostic Pathways 

Analysis of individual diagnostic pathways revealed that all participants initially received 

items with moderate difficulty levels. Based on the four-tier diagnostic scores, the system 

subsequently adjusted item difficulty in accordance with the predefined decision rules. 

When students obtained high diagnostic scores, the system directed them to higher-difficulty 

items to test the depth of their conceptual understanding. Conversely, students who demonstrated 

weak understanding or misconception indicators were presented with lower-difficulty or remedial 

items. 

The system rarely assigned high-difficulty items consecutively to participants exhibiting 

strong misconceptions. Instead, confirmation items were employed when ambiguous diagnostic 

scores occurred. These confirmation items allowed the system to stabilize the classification before 

moving to a new difficulty level. 

An example of an individual adaptive diagnostic pathway is illustrated in Figure 5, showing 

how item difficulty and classification decisions evolved across the assessment sequence. 

 

Misconception Profile Distribution 

The analysis of diagnostic results showed that students’ levels of conceptual understanding 

varied across geometric optics topics. Differences in diagnostic scores and category distributions 

indicated that conceptual difficulties were not evenly distributed, but rather concentrated in certain 

subtopics. The distribution of conceptual understanding categories across topics is presented in 

Figure 6. 

 
 

Figure 5. Example of an individual adaptive diagnostic pathway 
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The overall distribution of conceptual understanding categories across topics is presented in 

Figure 6. Overall, the Sound Conceptual Understanding category dominated most topics, with an 

average proportion above 80%. The topic of convex mirrors recorded the highest level of conceptual 

understanding at 91.67%, followed by convex lenses at 86.11%. These results indicate that these 

topics were relatively well mastered by the majority of participants. For a more detailed numerical 

representation of the category distribution, the data are summarized in Table 3. 

Table 3. Distribution of Conceptual Understanding Categories Across Geometric Optics Topics 

Topic 
Sound 

Understanding 
(%) 

Partial 
Understanding 

(%) 

Weak 
Misconception 

(%) 

Strong 
Misconception 

(%) 
Plane mirror 83.33 13.89 2.78 0 
Concave mirror 58.33 19.44 11.11 11.11 
Convex mirror 91.67 5.56 2.78 0 
Convex lens 86.11 8.33 2.78 2.78 
Concave lens 83.33 11.11 5.56 0 

 
Table 3 presents the numerical distribution of conceptual understanding categories across 

geometric optics topics. The data show that most topics are dominated by the sound conceptual 

understanding category, with proportions above 80%. However, the concave mirror topic exhibits 

the lowest conceptual understanding and the highest proportions of partial understanding and 

strong misconception categories. 

However, a significant anomaly was observed in the concave mirror topic. This topic 

recorded the lowest conceptual understanding percentage at 58.33%, compared to other topics. It 

also showed the highest proportion of partial understanding (19.44%) and strong misconception 

(11.11%) categories. 

The presence of high percentages in these non-scientific categories suggests that the 

complexity of image formation in concave mirrors represents a major conceptual barrier for 

students. This finding confirms previous studies reporting persistent misconceptions in geometric 
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optics, particularly in image formation by mirrors and lenses. A more specific visualization of 

misconception patterns for the mirror topics is shown in Figure 7. 

The results of the study show that the rule-based four-tier adaptive diagnostic quiz system is 

capable of integrating in-depth conceptual diagnosis with assessment process efficiency. As shown 

in Figure 7, students work on questions with four levels of response, namely conceptual answers, 

level of confidence in the answers, reasoning, and confidence in the reasoning. This structure allows 

the system to not only identify whether an answer is correct or incorrect, but also the stability of the 

learner's conceptual understanding. 

 
 

Figure 7. Example of a Four-Tier Diagnostic Item Interface in the Adaptive Quiz System 

Classifying misconceptions into weak and strong categories provided more granular 

diagnostic insights than assessments based solely on final scores. This differentiation is 

pedagogically important because it enables educators to distinguish between learners who 

experience conceptual uncertainty and those who possess deeply rooted misconceptions, thus 

requiring different remediation strategies (Caleon & Subramaniam, 2010). 

A summary of the assessment results and system decisions is shown in Figure 8. The system 

presents information on the number of items completed, the distribution of correct and incorrect 

responses, response time, and visualizations of students’ answer patterns and confidence levels. 

Based on these data, the system automatically generates a diagnostic classification, such as weak 

misconception or sound understanding. This structured presentation allows educators to quickly 

interpret students’ conceptual conditions in a concise and integrated format. 
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The diagnostic decision-making process is summarized in Figure 9. The final classification is 

derived from the four-tier diagnostic score, which integrates conceptual accuracy, reasoning, and 

confidence levels into categories of conceptual understanding and misconception strength. Figure 9 

illustrates the comparison of misconception strengths across all geometric optics topics. 

 

These visualizations consistently indicate that conceptual difficulties are concentrated in 

specific subtopics, particularly those involving image formation in concave mirrors, while other 

topics are generally dominated by sound conceptual understanding. 

Discussion 

One of the main findings of this study is the reduction in the number of items required to reach 

stable diagnostic classifications when using the rule-based adaptive diagnostic system. While the 

Figure 8. Summary of Students Diagnostic Results Generated by the Adaptive Four-Tier 
Quiz System 

Figure 9. Example of Scoring Process and Conceptual Category Determination in the 
Adaptive Four-Tier Diagnostic System 
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static four-tier diagnostic instrument consisted of 15 items, the adaptive system required only 10–

14 items, with an average of 11.5 items. This corresponds to an average reduction of approximately 

23.3% in test length. Such efficiency indicates that adaptive mechanisms can shorten the diagnostic 

process without sacrificing the accuracy of classification outcomes. This result supports the 

fundamental principle of adaptive assessment, which aims to improve measurement efficiency by 

adjusting item difficulty and selection based on student responses (Sargazi Moghadam et al., 2024; 

Shute & Rahimi, 2017). Unlike conventional adaptive systems that rely on probabilistic models or 

item response theory, the system developed in this study operates using transparent rule-based 

decisions. This transparency makes the adaptive mechanism easier to interpret and implement in 

classroom contexts, particularly for formative diagnostic assessment (Spector et al., 2016). 

The high proportion of participants who reached diagnostic stability before the maximum item 

limit further demonstrates the effectiveness of the termination rule implemented in the system. 

Specifically, 77.8% of participants achieved stable diagnostic classifications before reaching the 

maximum number of items. This finding suggests that stable classifications can be achieved without 

requiring all students to complete the full set of diagnostic questions. As a result, the adaptive system 

can reduce unnecessary testing time and minimize cognitive load during the assessment process. 

Reducing excessive cognitive demands during assessment is important because complex or lengthy 

tests may negatively affect students’ concentration and response quality. Similar findings have been 

reported in studies on adaptive assessment systems, which indicate that adaptive item selection can 

improve testing efficiency while maintaining reliable diagnostic outcomes (Sargazi Moghadam et al., 

2024; Shute & Rahimi, 2017). Therefore, the reduction in test length observed in this study reflects 

an important advantage of adaptive diagnostic systems in improving assessment efficiency. 

In adaptive diagnostic systems, reliability is more appropriately interpreted as classification 

stability rather than internal consistency across identical item sets. Because participants follow 

different adaptive pathways, traditional reliability indices such as Cronbach’s alpha become less 

meaningful. Instead, reliability can be evaluated through the consistency of diagnostic classifications 

across successive items. The classification consistency rate of 83.3% observed in this study indicates 

that most students reached stable diagnostic categories across consecutive diagnostic decisions. This 

suggests that the system’s classifications were not based on isolated responses but on consistent 

conceptual patterns demonstrated by the students. The inclusion of confirmation items also 

contributed to this stability by preventing premature classification changes and ensuring that the 

final diagnostic outcomes reflected stable conceptual tendencies. Similar perspectives have been 

discussed in the literature on adaptive assessment and learning analytics, which emphasize 

classification stability and decision consistency as key indicators of reliability in adaptive diagnostic 

systems (Jang et al., 2019; Sargazi Moghadam et al., 2024). 

The distribution of misconception categories across topics also revealed important diagnostic 

insights. Most topics were dominated by the sound conceptual understanding category, with 

proportions exceeding 80%, indicating that many students had relatively stable conceptual 

knowledge in those areas. However, the concave mirror topic showed substantially lower conceptual 

understanding and higher proportions of partial understanding and strong misconception 

categories. This pattern indicates that certain topics in geometrical optics remain conceptually 

challenging for students. Image formation by concave mirrors requires the integration of several 

abstract concepts, including focal relationships, ray tracing, and sign conventions, which often leads 

to persistent misconceptions even after formal instruction. Similar findings have been reported in 

previous research showing that geometrical optics concepts frequently produce persistent 

misconceptions among students and pre-service teachers (Kaltakci-Gurel et al., 2017; Soeharto et al., 

2019). The diagnostic system developed in this study successfully detected these variations in 

conceptual understanding across different topics. 
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The adaptive four-tier system was also able to classify misconceptions into more detailed 

categories, including weak misconception, partial understanding, and strong misconception. This 

level of diagnostic differentiation is pedagogically important because it allows educators to 

distinguish between students who are uncertain about a concept and those who hold firmly rooted 

misconceptions. Such distinctions are crucial for designing targeted instructional interventions. 

Students who demonstrate partial understanding may benefit from clarification and conceptual 

reinforcement, whereas students with strong misconceptions may require more intensive 

conceptual change strategies. Similar conclusions have been reported in studies on diagnostic 

assessment, which emphasize the importance of identifying different levels of conceptual 

understanding in order to design effective remediation strategies (Soeharto et al., 2019; Rusilowati, 

2017). Therefore, the ability of the adaptive diagnostic system to provide detailed misconception 

classifications represents an important contribution to diagnostic assessment practices in physics 

education. 

Another important aspect of the proposed system is the transparency of its rule-based adaptive 

mechanism. Unlike many adaptive assessment systems that rely on complex probabilistic models, 

the system developed in this study applies explicit decision rules based on diagnostic scores obtained 

from the four-tier responses. This transparency enhances diagnostic validity because educators can 

clearly trace how each classification decision is generated by the system. In addition, the adaptive 

pathways are directly linked to students’ conceptual understanding levels rather than abstract 

estimates of ability. Such interpretability is particularly important in formative and diagnostic 

assessment contexts, where the results must support instructional decision-making (Spector et al., 

2016; Holmes et al., 2019). 

The architecture of the system also contributes to the validity of the diagnostic process. The 

separation between the diagnostic engine, adaptive decision rules, and analytical modules ensures 

that classification outcomes are consistently derived from the four-tier diagnostic responses. This 

layered structure reduces the risk of inconsistent decisions and allows the diagnostic mechanism to 

remain transparent and interpretable. As a result, the rule-based adaptive framework not only 

improves assessment efficiency but also maintains stable and meaningful diagnostic classifications. 

Overall, the findings of this study demonstrate that integrating four-tier diagnostic assessment with 

a rule-based adaptive mechanism can provide a practical and efficient approach for identifying 

students’ misconceptions in geometrical optics. 

Implications 

The results of this study suggest that rule-based adaptive four-tier diagnostic systems can 

provide efficient and meaningful diagnostic information about students’ conceptual understanding. 

By reducing test length while maintaining stable classifications, the system enables a more practical 

implementation of diagnostic assessment in classroom settings. In addition, the ability to classify 

misconceptions into different strength levels provides valuable information for designing targeted 

instructional interventions. Such diagnostic insights are particularly important in physics education, 

where misconceptions are often persistent and difficult to address through traditional instruction. 

Overall, these findings indicate that transparent, rule-based adaptive diagnostic systems represent a 

practical and interpretable approach to formative assessment in physics education 

Limitations 

Despite the promising results, several limitations should be acknowledged. First, the sample 

size was relatively small and obtained through convenience sampling, which limits the 

generalizability of the findings to the broader population of prospective physics teachers, although it 

was sufficient for functional system testing and rule verification. Second, the reliability evidence in 

this study was based on classification consistency indicators rather than traditional internal 
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consistency measures. While this approach is appropriate for adaptive diagnostic systems, future 

studies should involve larger samples and repeated measurements to examine test–retest stability 

more rigorously. Third, although the rule-based adaptive mechanism provides transparency and 

practical implementation advantages, it does not offer the same level of measurement precision as 

probabilistic adaptive models. Therefore, future research may explore hybrid approaches that 

integrate rule-based transparency with statistical calibration techniques to enhance diagnostic 

accuracy 

Suggestions 

Future studies are encouraged to expand the implementation of the rule-based adaptive four-

tier diagnostic system across larger and more diverse samples of students to examine its robustness 

in different educational contexts. In addition, further research may investigate the application of the 

adaptive diagnostic framework to other physics topics beyond geometrical optics in order to evaluate 

its generalizability in diagnosing conceptual misconceptions. Researchers may also explore the 

integration of rule-based adaptive mechanisms with statistical or probabilistic calibration models to 

enhance measurement precision while maintaining transparency in diagnostic decision-making. 

Finally, future work could investigate how the diagnostic information generated by adaptive four-

tier systems can be directly linked to targeted instructional interventions designed to support 

conceptual change and improve students’ understanding of challenging physics concepts 

CONCLUSION 

This study developed and evaluated a rule-based adaptive four-tier diagnostic quiz system for 

identifying misconceptions in geometric optics. The system successfully generated individualized 

diagnostic pathways and dynamically adjusted item difficulty based on students’ conceptual 

responses. The adaptive mechanism reduced the average test length from 15 static items to 11.5 

items, representing an efficiency gain of approximately 23.3%. Most participants (77.8%) reached 

diagnostic stability before the maximum item limit, and the classification consistency rate reached 

83.3%, indicating stable diagnostic decisions. It was also able to differentiate misconception patterns 

across topics, with concave mirror concepts showing the highest concentration of strong 

misconceptions. These findings demonstrate that a transparent rule-based adaptive approach can 

improve diagnostic efficiency while maintaining stable classification outcomes. The system has 

practical potential for formative assessment in physics education, although further studies with 

larger samples are recommended to examine generalizability and long-term reliability.  
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