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Abstract: This study aimed to develop a testlet-based two-tier diagnostic test to identify students’ problem-solving
difficulties in Newton’s Laws and to describe the profile of difficulties experienced by students based on Heller’s
problem-solving stages. The study employed a Research and Development (R&D) method using the 4D model, consisting
of the Define, Design, Develop, and Disseminate stages. The developed instrument was a two-tier diagnostic test
comprising 20 items covering Newton’s First Law, Newton’s Second Law, Newton’s Third Law, and applications of
Newton’s Laws. The instrument was administered to senior high school students, and the data were analyzed using the
Rasch Model. The results indicated that the developed instrument met the validity and reliability criteria, with a person
reliability value of 0.71, an item reliability value of 0.95, and a Cronbach’s Alpha value of 0.73. The item difficulty analysis
showed that 30% of the items were categorized as very easy, 30% as easy, 15% as difficult, and 25% as very difficult. The
analysis of students’ problem-solving difficulties revealed that the highest difficulty occurred at the check and evaluate
stage (75%), followed by the plan a solution stage (60%), the visualize the problem stage (58%), the execute the plan
stage (56%), and the describe the problem in physics terms stage (36%). These findings indicate that students still
experience considerable difficulties in evaluating problem solutions and planning appropriate solution strategies.
Therefore, the developed two-tier diagnostic test is suitable for identifying students’ problem-solving difficulties in
Newton’s Laws.
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Introduction

Problem-solving ability is one of the essential competencies that students must possess in 21st-
century physics education. This ability is not only related to conceptual understanding but also encompasses
the ability to identify problems, plan solution strategies, apply physics concepts, and evaluate the obtained
results. In physics learning, problem-solving serves as an important indicator of learning success because
physics requires not only theoretical understanding but also the ability to apply concepts to solve various
contextual problems (Docktor & Mestre, 2014; Hutapea et al., 2020) . However, numerous studies have
reported that students’ problem-solving abilities remain relatively low, particularly in Newton’s Laws, which
constitute one of the fundamental topics in mechanics (Amelia, 2024; Azizah & Yuliati, 2025; Ulviani et al.,
2025). This limitation is reflected in students’ difficulties in understanding problem information, relating
concepts to physical phenomena, determining appropriate solution strategies, and evaluating their answers.
These findings indicate that students still encounter obstacles in their thinking processes when solving
physics problems.

Previous studies have shown that students’ problem-solving difficulties are often caused by
conceptual misconceptions, procedural errors, and weak metacognitive abilities in evaluating obtained
solutions (Rosengrant et al., 2009; Setyono et al., 2016). To accurately identify these difficulties, assessment
instruments are needed that not only measure students’ final answers but also reveal the underlying
reasoning processes. Conventional one-tier multiple-choice tests commonly used by teachers provide
information only about whether an answer is correct or incorrect without explaining the reasoning behind
it (Gurel et al., 2015). Consequently, teachers face difficulties in identifying students’ specific thinking errors.

One alternative assessment instrument that can address this issue is the two-tier diagnostic test
(Gurel et al., 2015; Tuysuz, 2009). A two-tier diagnostic test consists of two levels of questions: the first tier
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requires students to answer a given problem, while the second tier requires them to provide the reasoning
underlying their answer. This format enables teachers to obtain deeper information regarding students’
conceptual understanding while simultaneously identifying difficulties occurring at each stage of problem
solving. Several studies have reported that two-tier diagnostic tests are effective for identifying
misconceptions and students’ reasoning patterns in various physics topics (Auliya et al., 2025; Dirman et al.,
2022). Nevertheless, the development of two-tier instruments specifically designed to identify students’
problem-solving difficulties in Newton’s Laws remains limited (Istiyono et al., 2023).

Furthermore, previous research has generally focused on identifying conceptual misconceptions
without systematically relating them to problem-solving stages (Meiliyadi et al., 2025). According to Heller’s
problem-solving model, the process of solving physics problems involves five main stages: visualizing the
problem, describing the problem in physics terms, planning a solution, executing the plan, and checking and
evaluating the results (Heller et al., 1992). Information regarding students’ difficulties at each of these stages
is crucial for helping teachers design more targeted instructional strategies. Therefore, a diagnostic
instrument capable of mapping students’ problem-solving difficulties based on these thinking stages is
required.

Based on the foregoing discussion, there remains a research gap concerning the limited availability of
diagnostic instruments capable of comprehensively identifying students’ problem-solving difficulties in
Newton’s Laws. The novelty of this study lies in the development of a testlet-based two-tier diagnostic test
constructed according to Heller’s problem-solving stages to identify students’ difficulties in solving physics
problems. The developed instrument not only measures the accuracy of students’ answers but also
investigates the conceptual reasoning underlying those answers, thereby providing deeper information
regarding students’ profiles of problem-solving difficulties.

Therefore, this study aims to develop and analyze the characteristics of a testlet-based two-tier
diagnostic test for identifying students’ problem-solving difficulties in Newton’s Laws and to describe
students’ profiles of problem-solving difficulties based on the results obtained from the developed
instrument.

Methods

This study employed a Research and Development (R&D) approach using the 4D development
model, which consists of four stages: Define, Design, Develop, and Disseminate (Okpatrioka, 2023;
Thiagarajan et al., 1974). This model was selected because it provides a systematic procedure for developing
assessment instruments, from needs analysis to the dissemination of the final product.

During the define stage, a needs analysis was conducted through curriculum review, literature study, and
identification of students’ difficulties in Newton’s Laws. This stage resulted in indicators of problem-solving
difficulties based on Heller’s five problem-solving stages: visualize the problem, describe the problem in
physics terms, plan a solution, execute the plan, and check and evaluate.

During the design stage, an instrument blueprint was developed, the format of the testlet-based
two-tier diagnostic test was designed, and test items were constructed based on the established indicators.
The developed instrument consisted of 20 items covering Newton’s First Law, Newton’s Second Law,
Newton’s Third Law, and applications of Newton’s Laws in everyday life.

The develop stage included expert validation, small-scale testing, instrument revision, and large-
scale field testing. Validation was conducted by experts in physics content, educational evaluation, and
language (Arikunto, 2021; Azwar, 2022). The small-scale trial involved 12 students to examine the readability
and preliminary quality of the instrument, whereas the large-scale trial involved 188 senior high school
students in Pontianak City. The collected data were analyzed using the Rasch Model to determine validity,
reliability, item difficulty, discrimination power, and distractor effectiveness (Bond & Fox, 2013; Boone et al.,
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2014). Data analysis was performed using Winsteps software (Linacre, 2012), and the interpretation of results
followed the Rasch Measurement approach (Sumintono & Widhiarso, 2015).

The disseminate stage was conducted through the publication of research findings, enabling the
developed instrument, which met the feasibility criteria, to be utilized in physics learning and future research.

Results and Discussion

Characteristics of the Two-Tier Diagnostic Test

This study produced a testlet-based two-tier diagnostic test designed to identify students’ problem-
solving difficulties in Newton’s Laws. The developed instrument consisted of 20 items covering Newton’s
First Law, Newton’s Second Law, Newton’s Third Law, and applications of Newton’s Laws in everyday life.
Each item was constructed based on Heller’s problem-solving stages, enabling the instrument to identify
students’ difficulties more specifically at each stage of the problem-solving process.

Based on the Rasch Model analysis, the developed instrument satisfied the validity and reliability
criteria (Bond & Fox, 2013; Boone et al., 2014). All 20 items were found to be valid and suitable for measuring
students’ abilities. The reliability analysis showed a person reliability value of 0.71, which falls into the
adequate category, while the item reliability value of 0.95 was categorized as excellent. Furthermore, the
Cronbach’s Alpha value of 0.73 indicated good internal consistency. A summary of the instrument
characteristics is presented in Table 1.

Table 1. Characteristics of the Two-Tier Diagnostic Test

Aspect Result Category
Valid Items 20 Valid

Person Reliability 0.71 Adequate
Item Reliability 0.95 Excellent
Person Separation 1.55 Adequate
Item Separation 4.35 Excellent

Cronbach’s Alpha 0.73 Good

These results indicate that the instrument possesses good measurement quality (Soeharto, 2021).
The high item reliability value suggests that the item difficulty levels were well distributed, allowing the
instrument to measure students across different ability levels. In addition, the obtained separation indices
demonstrate that the instrument is capable of distinguishing students according to their ability levels.

The item difficulty analysis revealed a relatively balanced distribution of item difficulty levels. Most
items were classified as easy to very easy, while several items were categorized as difficult and very difficult.
Such a distribution is essential in a diagnostic instrument because it enables the identification of students’
difficulties across a wide range of ability levels.

Table 2. Distribution of Item Difficulty Levels

Category Number of Items Percentage
Very Easy 6 30%

Easy 6 30%
Difficult 3 15%

Very Difficult 5 25%

Total 20 100%

The diverse distribution of item difficulty levels indicates that the instrument is capable of identifying
not only students who experience difficulties with basic concepts but also those who struggle with items
requiring higher-order analysis and application of concepts. Therefore, the developed instrument is
considered suitable for identifying students’ problem-solving difficulties in Newton’s Laws.

Students’ Problem-Solving Difficulties Based on Heller’s Stages

The analysis of problem-solving difficulties was conducted by mapping each test item onto Heller’s
five problem-solving stages: visualize the problem, describe the problem in physics terms, plan a solution,
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execute the plan, and check and evaluate. The level of difficulty was calculated based on the average
percentage of students experiencing conceptual difficulties, procedural difficulties, and a lack of
understanding at each stage.

The results revealed variations in students’ difficulties across the different problem-solving stages.
A summary of the findings is presented in Table 3.

Table 3. Analysis of Problem-Solving Difficulties Based on Heller’s Stages

Average
Problem-Solving Stage Correcgt Average  Difficulty
Difficulty Level
Response
Visualize the Problem 42% 58% Moderate
Describe the Problem in Physics 64% 36% Low
Terms
Plan a Solution 40% 60% High
Execute the Plan 44% 56% Moderate
Check and Evaluate 25% 75% Very High

As shown in Table 3, the highest level of difficulty was found in the check and evaluate stage, with
a difficulty percentage of 75%. This finding indicates that most students are not accustomed to evaluating
the solutions they obtain (Heller et al., 1992; Setyono et al., 2016). Students tend to accept calculation results
without rechecking units, assessing the logical consistency of their answers, or verifying the appropriateness
of the physics concepts applied.

A high level of difficulty was also observed in the plan a solution stage, with a percentage of 60%.
This result suggests that students encounter obstacles in determining appropriate solution strategies and
selecting relevant physics principles or laws (Reif & Heller, 1982). Many students are able to identify the
information provided in a problem but are unable to connect that information to suitable solution
procedures.

In the visualize the problem stage, the difficulty percentage reached 58%. This difficulty was
reflected in students’ inability to represent problems using diagrams (Rosengrant et al., 2009), identify
relevant objects, and determine appropriate physical conditions. Poor visualization skills may consequently
hinder performance in subsequent stages of problem solving.

The execute the plan stage showed a difficulty percentage of 56%. Errors at this stage generally
involved incorrect substitution of values into equations, mathematical operation errors (Halliday et al., 2014;
Serway et al., 2016), and inaccuracies during calculations. Nevertheless, the level of difficulty at this stage
was lower than those observed in the planning and evaluation stages.

The lowest level of difficulty was found in the describe the problem in physics terms stage, with a
difficulty percentage of 36%. This finding indicates that most students were able to identify the relevant
physics concepts associated with the given problems. However, some students still experienced difficulties
in determining physical quantities and constructing accurate free-body diagrams.

Profile of Students’ Problem-Solving Difficulties
Based on the analysis of each problem-solving stage, a profile of students’ problem-solving

difficulties was obtained, as presented in Table 4.

Table 3. Profile of Students’ Problem-Solving Difficulties

Rank Heller’s Stage Type of Difficulty Percentage
1 Check and Evaluate Evaluation Difficulty ~ 75%
2 Plan a Solution Planning Difficulty 60%
Visualization
Visualize the Probl 8%
3 isualize the Problem Difficulty 5
4 Execute the Plan Execution Difficulty 56%

Describe the Problem

D iption Difficult 6%
in Physics Terms escription ifmicuity 3
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The findings indicate that the most dominant difficulty experienced by students was evaluation
difficulty in the check and evaluate stage, with a percentage of 75%. This difficulty was reflected in students’
limited ability to verify units, evaluate the reasonableness of solutions, and review the procedures used to
solve problems. These findings suggest that students’ metacognitive skills in physics learning still require
improvement.

The second most prominent difficulty was planning difficulty in the plan a solution stage, with a
percentage of 60%. Students experienced challenges in determining appropriate solution strategies and
selecting the correct Newtonian principles to solve problems. This condition indicates that students have
not yet fully integrated conceptual understanding with the problem-solving process.

In addition, students experienced visualization difficulties (58%) and execution difficulties (56%).
These difficulties indicate that students still encounter obstacles in representing physics problems and
applying mathematical procedures accurately. Meanwhile, description difficulty showed the lowest
percentage (36%), suggesting that most students were relatively capable of identifying relevant physics
concepts.

Overall, the findings demonstrate that students’ problem-solving difficulties are not solely
attributable to inadequate conceptual understanding but are also influenced by their ability to plan
strategies, evaluate solutions, and reflect upon the problem-solving process (Dirman et al., 2022; Lengkong
et al., 2021). Therefore, physics instruction should be designed to systematically develop all stages of
problem solving so that students can solve physics problems more effectively.

Conclusion

This study successfully developed a testlet-based two-tier diagnostic test for identifying students’
problem-solving difficulties in Newton’s Laws. Based on the Rasch Model analysis, the developed instrument
met the validity and reliability criteria and is therefore suitable for use as a diagnostic tool in physics
education. The findings revealed that the most dominant problem-solving difficulty occurred at the check
and evaluate stage (75%), followed by the plan a solution stage (60%), visualize the problem stage (58%),
execute the plan stage (56%), and describe the problem in physics terms stage (36%).

These results indicate that students tend to experience difficulties in evaluating the reasonableness
of their answers and determining appropriate problem-solving strategies. Therefore, physics instruction
should be designed to provide systematic training in evaluation and solution-planning skills to enhance
students’ overall problem-solving abilities. Furthermore, the developed diagnostic instrument can serve as
an effective tool for identifying students’ difficulties and supporting the design of targeted instructional
interventions in physics learning.
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