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Abstract—This study aims to analyze the performance of the 

Physics-Complex Problem-Solving (Ph-CPS) skills test using 

Physics Education Technology (PhET) simulations to measure 

Complex Problem-Solving (CPS) skills using physics subject 

matter as the problem context. This study is instrumentation 

research that produces a CPS skill measurement instrument 

that will be used in physics classes. The results indicated that the 

Ph-CPS test meets the criteria for complex problems and 

minimal complex system criteria. Construct validity and 

reliability analysis using the Rasch model showed that only Ph-

CPS 1, Ph-CPS 2, and Ph-CPS 4 items were valid and reliable. 

The results of the concurrent validity analysis indicated that Ph-

CPS items 1, 2, and 4 align with the PISA 2012 CPS test. Ph-CPS 

item 3 is considered too easy because it has similarities with 

Angry Birds games, so it is classified as a “familiar problem”. 

The results of the concurrent validity analysis show that Ph-CPS 

items 1, Ph-CPS 2, and Ph-CPS 4 have concurrent validity 

against the 2012 PISA test. Regression analysis between physics 

concept mastery and Ph-CPS skills showed no significant 

influence of physics concepts on Ph-CPS skills. It indicates that 

the Ph-CPS test measures domain-general skills. 

 
Keywords—complex problem-solving, physics education, 

PhET simulations, domain-general skill, instrumentation 

research 

I. INTRODUCTION  

The complexity of problems in society is rapidly increasing 

due to advancements in technology and information [1]. The 

global community is facing problems that are dynamic and 

previously unknown. The COVID-19 pandemic is a recent 

example of a complex issue encountered by the global 

community [2]. The COVID-19 virus variant mutates very 

quickly [3], so the COVID-19 pandemic problem is classified 

as a dynamic problem. It has made finding solutions to the 

COVID-19 pandemic highly complex, as the influencing 

variables change. Vaccines developed for a particular 

COVID-19 variant just months earlier became less relevant 

in subsequent months due to the ongoing mutations of the 

virus. The global community will face complex problems 

such as the COVID-19 pandemic in the future. The issues of 

climate change and global warming are expected to become 

highly complex problems in the future [4], affecting various 

aspects of global society, such as agriculture, the economy, 

and public health. 

The increasing complexity of societal problems requires 

the development of Complex Problem-Solving (CPS) skills. 

Therefore, CPS skills are the most relevant skills needed in 

all aspects of life [5]. However, CPS skills have not yet 

become a central focus in classroom instruction, particularly 

in K-12 education. Classroom problem-solving skills still 

focus on static problem solving, such as physics problem 

solving [6, 7] and mathematics problem solving [8, 9]. 

A consequence of implementing CPS-focused learning in 

the classroom is the need to incorporate subject matter 

content into the presentation of dynamic problems. Like 

teaching traditional static physics problem-solving skills, 

teaching CPS skills in physics classrooms must involve 

subject matter. This implies that developing CPS tests in 

physics education must incorporate physics content into the 

context of the problem. It is based on the perspective that 

subject matter is used to teach thinking skills [10]. 

The implication of teaching CPS skills involving physics 

subject matter is that the development of CPS tests must also 

include subject matter content. On the other hand, CPS skills 

are classified as domain-general skills [11, 12], so CPS skills 

should not require mastery of specific concepts. The solution 

is that the physics subject matter is used only as the problem 

context in the CPS test. 

The CPS test requires a dynamic environmental situation 

in presenting problems [13]. PhET simulation is a learning 

application in physics subject matter that presents a dynamic 

environment [14]. Thus, PhET simulation can be used to 

present a complex problem. 

This study aims to analyze the performance of the CPS test 

by involving subject matter as the context of the problem. The 

Physics Complex Problem-Solving (Ph-CPS) test was 

developed using PhET simulations to present dynamic 

environments for measuring Ph-CPS skills. This study 

examines whether the Ph-CPS test meets the criteria for 

complex problems. The validity and reliability of the Ph-CPS 

test were tested using the Rasch model. This study also 

analyzes whether the Ph-CPS test is classified as a domain-

general or domain-specific skill. 

This study aims to develop a CPS skills test instrument for 

physics classes by involving physics subject matter as the 

problem context. On the other hand, a CPS skills test must be 

categorized as a domain-general skills test. The next question 

is: when a CPS test involves physics subject matter as the 
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problem context, can it still be classified as a domain-general 

skill? More specifically, this research question is formulated 

as follows: 

RQ1: Does the physics-complex problem-solving skills 

test using PhET Simulations meet the complex problem 

criteria and minimal complex criteria? 

RQ2: Does the physics-complex problem-solving skills 

test using PhET Simulations have good test validity and 

reliability? 

RQ3: Is the physics-complex problem-solving skills test 

using PhET Simulations classified as a domain-general skill? 

II. LITERATURE REVIEW 

A. Physics-Complex Problem-Solving Skills 

The ability to solve problems cannot be separated from the 

physics curriculum. Problem solving is essential in the 

physics curriculum at every level of education [15]. The 

attitudes and problem-solving approaches used by students in 

physics classes influence the development of their physics 

expertise and future problem-solving competence [16]. Thus, 

teaching physics problem-solving is essential in the 

classroom. 

The increasing level of ambiguity as a characteristic of the 

Industrial Revolution 4.0 [17–19] has led to increasingly 

complex problems society faces. As a result, the ability to 

solve complex problems has become one of the most essential 

competencies required of future professionals [20]. Therefore, 

traditional physics problem-solving instruction alone is 

insufficient; it is also essential to incorporate the development 

of Physics-Complex Problem Solving (Ph-CPS) skills into 

the curriculum. 

Some experts argue that CPS skills are domain-general 

skills [21], but many researchers have studied CPS skills 

using a domain-specific approach [22–25]. Developing CPS 

skills in the classroom through subject-based instruction 

inevitably requires the involvement of content material. 

Consequently, pursuing research that integrates domain-

general problem-solving abilities (CPS) with investigations 

into domain-specific problem-solving, such as physics, is 

essential. 

Physics problem-solving competence encompasses two 

key components: (1) conducting mathematical analyses of 

pertinent equations followed by qualitative interpretations of 

the resulting phenomena, and (2) examining physical 

phenomena and linking them to underlying physics 

theories [15]. On the other hand, the main characteristic of 

CPS is that it is a complex problem in a dynamic 

environment [16] and is unclear [26]. The characteristics of 

CPS include multiple highly interrelated variables that 

change over time (dynamic), underlying connections that are 

not transparent, and the requirement for participants to 

achieve several, sometimes contradictory, goals [27]. 

The CPS stage frameworks are depicted in the following. 

As Funke stated, the stages of CPS include exploration, 

knowledge acquisition, and knowledge application [27]. As 

OECD described the CPS frameworks used in the PISA 2012 

test are exploring and understanding, representing and 

formulating, planning and executing, and monitoring and 

reflecting [28]. Those two CPS stage frameworks are related. 

The relevance of the CPS stage between the OECD [28] and 

Funke [27] frameworks is presented in Table 1. 

Table 1. The relationship of CPS stages based on OECD [28]  

and Funke [27] 

CPS Stages based on OECD [28] CPS Stages based on Funke [27]  

Exploring and understanding Exploration 

Represent and formulate Acquisition of knowledge 

Plan and execute 
Application of Knowledge Monitoring and reflecting 

 

An essential issue regarding current CPS research is how 

findings can be applied to formal educational environments.  

A debate exists regarding how the transferability of CPS to 

classroom content learning categorizes CPS as a specific-

domain skill. Several studies position CPS as a domain-

general skill applicable across contexts and regardless of 

conceptual mastery [29, 30]. This perspective encourages the 

development of microworld-based CPS measurement tools 

like MicroDYN and MicroFIN, which seek to assess CPS 

dimensions within a domain-general skill framework, 

limiting the emphasis on specific content knowledge [31, 32]. 

Conversely, complex problems in real-world and classroom 

environments inevitably involve subject matter, indicating 

that CPS performance is naturally dependent on conceptual 

mastery.  Abstract and non-contextualized CPS tests yield 

biased measurements, overlooking students’ ability to apply 

domain-specific knowledge in real-world contexts [33, 34]. 

This study integrates CPS skills into physics learning to 

appropriately position CPS within the current discussion in 

the CPS domain.  This study maintains that integrating CPS 

skills into physics learning is classified as domain-general 

skills by restricting physics content to the problem context.  

Solving physics-complex problems facilitates knowledge 

acquisition and helps students learn physics content 

effectively.  Integrating CPS skills into physics education 

should consider CPS a multidimensional competency 

encompassing both domain-general and domain-specific 

aspects [35, 36]. 

The transferability of CPS to educational environments, 

specifically in physics learning, relies on effectively 

integrating domain-general CPS with domain-specific 

physics content. As exemplified by PhET simulations, 

interactive learning environments possess the potential to 

connect these two domains effectively. PhET simulations 

offer dynamic environments that necessitate the application 

of domain-general skills essential for complex problem 

solving, including hypothesis construction, variable 

manipulation, and analysis of cause-and-effect  

relationships [37–39]. 

B. The Concept of Minimal Complexity 

Many experts state that CPS test results can predict an 

individual’s future success [27] because CPS correlates with 

a person’s intelligence [40]. Tests to measure CPS are usually 

computer-based [28, 40]. 

One of the fundamental questions in complex problem 

research is whether the test used to measure CPS ability meets 

the criteria for complex problems. A problem is complex if it 

has multiple goals, involves many interdependent and 

connected variables with non-transparent relationships, and 

the conditions of the problem system’s environment change 

over time [41]. Criteria for problem complexity are less 

operational for assessing whether a given task falls into the 

category of a complex problem or not [41]. 

At the beginning of the CPS study, researchers competed 
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to present a high complexity of problems by involving more 

and more variables [33]. This perspective then changes with 

the emergence of the “minimal complex systems” [42, 43], 

establishing the minimal standard for a system to be 

considered a complex problem. This “minimal complex 

system” concept does not guarantee that a system involving 

many variables is classified as a complex problem. 

A system is categorized as a problem with high complexity 

if it consists of at least two exogenous variables (input) and 

two endogenous variables (output) [43]. Each exogenous 

variable must not only have a “main effect” on one of the 

endogenous variables but also exhibit a “multiple effect” on 

both endogenous variables, and both endogenous variables 

must show “mutual dependence” on both exogenous 

variables. In a complex system, one of the endogenous 

variables must be “eigendynamic”, and the other endogenous 

variable must have a “side effect” on the endogenous variable 

that possesses the “eigendynamic” property. Eigendynamic is 

the effect of an endogenous variable on itself [30]. A diagram 

categorizing complex systems with two exogenous variables 

and two endogenous variables (a 2×2 complex system) is 

presented in Fig. 1. 

Fig. 1. System complexity categorization: (a) low complexity (b) medium 

complexity (c) high complexity (source: [NO_PRINTED_FORM] [43]). 

C. PhET Simulations as Ph-CPS Measurement Test

Several tests can be used to measure CPS skills, such as

MultiFlux [44], MicroDYN [45], Genetics Lab [46], and 

MicroFIN [47]. MultiFlux, MicroDYN, and Genetics Lab use 

the Linear Structural Equation (LSE) system framework, 

while MicroFIN uses the Finite State Automata (FSA) 

framework [48]. In CPS tests that use the LSE framework, 

research subjects are presented with a dynamic computer 

simulation containing exogenous variables (X) and 

endogenous variables (Y) [49]. The relationship between 

exogenous variables and endogenous variables involved in a 

microwolds is formulated using a system of linear equations. 

In FSA framework tests, subjects are also presented with a 

dynamic computer simulation similar to the LSE framework. 

The difference is that the output in the FSA simulation system 

is determined by predetermined inputs and transition 

functions [50]. This output produces a state that can change 

from one state to another depending on the input and the 

transaction function. More simply, the difference between the 

LSE and FSA frameworks is that the LSE framework presents 

a quantitative relationship between input and output variables. 

In contrast, the FSA framework presents a qualitative 

relationship between input and output  

variables [31]. 

In addition to MultiFlux, MicroDYN, Genetics Lab, and 

MicroFIN, various studies have employed existing dynamic 

computer applications to create CPS assessments. For 

instance, a CPS study by [22] utilized a virtual laboratory 

application to design a CPS test in chemistry. The test was 

developed using a virtual chemistry lab tool called ChemLab-

Builder, which enabled researchers to simulate dynamic 

scenarios within a laboratory setting. 

PhET Simulations is a virtual laboratory in the field of 

science that presents the dynamic situation of the science 

laboratory environment [51]. PhET Simulations is classified 

as a microworld that can be used to present a problem-solving 

test [52]. PhET Simulations is not explicitly used to measure 

CPS capability; however, it can be approached using the LSE 

framework because PhET presents simulations that 

quantitatively display the relationships between exogenous 

and endogenous variables. 

The interactive and dynamic PhET simulation is well-

suited for assessing CPS because it captures not only the 

results of problem-solving tasks but also the underlying 

cognitive processes. By utilizing dynamic and interactive 

simulations, such as PhET, researchers can distinguish 

between successful and unsuccessful problem solvers based 

on exploratory behavior. Recent CPS research has utilized 

log-file data to analyze strategies, reasoning patterns, and 

decision-making processes during CPS [1]. To enhance data 

validity, various methods of observing students during CPS 

can be employed, including sequence mining [53], behavioral 

profile clustering [54], and predictive modeling with machine 

learning [55]. 

Artificial Intelligence (AI) has the potential to enhance 

CPS measurement. AI and machine learning models have 

been successfully applied to predict problem-solving 

performance and provide real-time diagnostic feedback based 

on acquired data logs [56]. AI can be leveraged to track 

strategies implemented during the CPS process [57, 58]. 

PhET simulations are virtual laboratories that can be 

utilized to develop higher-order thinking skills (HOTS) in 

science learning domains, particularly physics. PhET 

simulations have the potential to be used in measuring and 

teaching CPS skills because students experience interactive 

exploration, hypothesis testing, and immediate feedback 

within a dynamic simulation [14, 59]. The dynamic nature of 

PhET simulations increases student engagement in solving 

higher-order problems. PhET simulations, as virtual 

laboratories, support inquiry-based learning, the foundation 

of CPS skills [60]. 

The application of PhET has been shown to improve 

students’ domain-general skills, such as analysis, synthesis, 

and scientific communication, which are fundamental skills 

required for CPS [61, 62]. By providing a safe, flexible, and 

inquiry-based environment, PhET fosters domain-general 

skills, such as understanding causal relationships and the 

scientific principles underlying specific phenomena [38, 63]. 

In addition to its role in developing domain-general problem-

solving skills, research shows that PhET simulations can also 

foster domain-specific skills in science learning [37, 64]. 

Research also indicates that using PhET in science learning 

can teach both domain-specific knowledge and problem-

solving skills within the field context [39, 65]. Thus, PhET 

serves not only as a means of developing domain-specific 

knowledge but also domain-general skills. 

III. MATERIALS AND METHODS

A. Research Design

This study is instrumentation research [66, 67]. This study
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attempts to produce a CPS skill test that will be used in 

physics classes. This study began by designing the Ph-CPS 

skills test utilizing the dynamic environment presented by 

PhET Simulations. The simulations in PhET were identified 

using minimal complex system criteria [43]. Four of the 61 

physics simulations in PhET meet the minimal complex 

system criteria and can be used to present real-world 

problems. Those four simulations are bending light, gravity 

and orbits, projectile motion and geometric optics. Contextual 

open-ended questions were prepared for each simulation to 

present complex physics problems. 

A 5-point Likert scale questionnaire was created to assess 

the suitability of the developed test model with the minimal 

complex system criteria [43]. Fifteen experts in the field of 

physics education were involved in filling out the 

questionnaire. The suitability of the developed test model 

with the minimal complex system criteria constitutes a 

content validity analysis. The Ph-CPS skills test that meets 

content validity was trialled on students from the science 

education and physics education programs at six universities 

in Indonesia. 

In the trial, the respondents also completed the PISA 2012 

problem-solving test and a physics concept mastery test 

related to bending light, gravity and orbits, projectile motion, 

and geometric optics. The PISA 2012 problem-solving test is 

one of the standardized CPS tests [68, 69]. The PISA 2012 

problem-solving test was used to analyze the concurrent 

validity of the developed Ph-CPS skill test, while the physics 

concept mastery test was used to analyze whether the 

developed Ph-CPS skill test belonged to domain-general or 

domain-specific skills. 

B. Samples and Data Collection 

Fifteen lecturers with doctoral degrees in physics 

education from eight universities in Indonesia working in the 

Department of Physics Education participated in the content 

validity questionnaire. They were familiar with and 

experienced using PhET simulations in their lectures during 

the COVID-19 pandemic. They possessed sufficient 

background knowledge to be involved as expert judges in this 

study due to their educational background and work 

experience. The questionnaire aims to analyze whether the 

developed Ph-CPS skill test meets a complex system’s 

minimum criteria. The questionnaire consisted of seven items 

developed based on the indicators of the minimal complex 

system criteria [43]. The questionnaire used a 5-point Likert 

scale. 

Two hundred forty-eight undergraduates in science 

education and physics education from six universities in 

Indonesia served as the test trial sample in this study. They 

had experience using PhET simulations in practical learning 

during and after the COVID-19 pandemic. They possessed 

sufficient basic physics knowledge to understand the context 

of the physics problems presented in Ph-CPS. The sample 

was selected randomly, regardless of their year of study. The 

Ph-CPS skills test [43] was piloted alongside the PISA 2012 

problem-solving test and the physics concept mastery test. 

The scoring of each item of the Ph-CPS skill tests and the 

PISA 2012 problem-solving test was carried out with a 

minimum score of 0 and a maximum score of 3, while the 

physics concept mastery test was carried out with a minimum 

score of 0 and a maximum score of 5. 

The scoring rubric for the Ph-CPS and PISA 2012 tests 

uses the following categories: 1) a score of 3 if the respondent 

successfully solves the problem by carrying out exploration, 

knowledge acquisition, and knowledge application; 2) a score 

of 2 if the respondent carries out the exploration and 

knowledge acquisition phases; 3) a score of 1 if the 

respondent carries out the exploration phase. The scoring 

rubric for the physics concept mastery test uses the following 

categories:1) a score of 5 if the respondent determines the 

known variables, determines the sought variables, writes the 

required physics formulas, applies the formulas, and draws 

conclusions; 2) a score of 4 if the respondent only applies 4 

of the five skills above; 3) a score of 3 if the respondent only 

applies 3 of the five skills above; 2) a score of 2 if the 

respondent only applies 2 of the five skills above; 1) a score 

of 1 if the respondent only applies 1 of the five skills above. 

The scoring of the Ph-CPS and PISA 2012 tests is based on 

computer activity logs, while the scoring for the physics 

concept mastery test is based on the paper-based test results. 

C. Data Analysis 

RQ1. Expert assessment is used to assess the suitability of 

the Ph-CPS test with complex problem criteria and minimal 

complex system criteria. The conformity analysis between 

the Ph-CPS skills test using PhET Simulations and the criteria 

for complex problems based on the minimal complex system 

criteria was conducted through content validity analysis using 

V-Aiken [70] and calculated using Excel. The Ph-CPS skill 

test using PhET Simulation meets the content validity if the 

V-value exceeds the V-table. The Ph-CPS skills test that 

meets content validity implies that the Ph-CPS test developed 

using PhET Simulations satisfies the minimal complex 

system criteria. 

RQ2. Construct validity and reliability were analyzed using 

the Rasch model [71–73], assisted by Winstep software. 

Construct validity analysis was conducted by evaluating the 

fit of each item and person to the developed test model and 

the test dimensionality. Empirical validity analysis was 

conducted using item validity tests and classical theory, 

which tested the correlation of each item to the total score. 

Concurrent validity was analyzed using Pearson’s product-

moment correlation value between the test model developed 

and the CPS PISA test value. Reliability analysis was 

conducted by analyzing the value of the Person Separation 

Index. 

RQ3. A linear regression test between the results of the 

developed test model and physics concept mastery was 

conducted to analyze the extent of the influence of related 

physics concept mastery on respondents’ success in 

completing the Ph-CPS skills test using PhET simulations. 

The influence of physics concept mastery on respondents’ 

success in completing the Ph-CPS skills test using PhET 

simulations indicates that the test is classified as a domain-

general skill. 

IV. RESULT AND DISCUSSION 

A. The Ph-CPS Test Utilizing the PhET Simulation Meets 

Complex Problem and Minimal Complex System Criteria 

The Ph-CPS skill test was developed by utilizing the PhET 
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Simulation application. PhET Simulation is used to present 

dynamic problem situations using the LSE framework. 

Several material subjects are available in PhET Simulation, 

including: Physics, Math and Statistics, Chemistry, Earth and 

Space, and Biology. The development of the Ph-CPS skills 

test started with identifying simulations that use physics 

subject matter and the minimal complex system 2×2 matrix 

(two inputs and two outputs). The identification results found 

that at least four simulations meet both criteria. They were 

bending light (Ph-CPS 1), gravity and orbits (Ph-CPS 2), 

projectile motion (Ph-CPS 3), and geometric (Ph-CPS 4) [43]. 

B. The Item of Ph-CPS

1) Bending light (Ph-CPS 1)

Bending light simulation is a dynamic system that presents

natural phenomena related to Snell’s law where two mediums 

with different refractive indices pass light sources. The 

complex problems in the system are presented in Fig. 2. 

Fig. 2. Bending light simulation [74]. 

Task: The fibre optic cable working system utilizes the 

critical angle principle of internal total reflection on the 

refraction phenomenon. Total internal reflection occurs when 

a light ray travels from a denser medium to a less dense 

medium, and the light ray from the first medium is reflected 

100 per cent by the second medium, with no light transmitted 

(refracted) into the second medium. The largest angle of 

incidence that results in total internal reflection is called the 

critical angle. The greater the critical angle, the more efficient 

the fibre optic cable is because less energy is lost. Show how 

to generate the greatest critical angle in the PhET simulation! 

Fig. 3. System complexity of bending light simulation. 

The Item Ph-CPS 1 presents complex problems related to 

the efficiency of fibre optic cables involving three exogenous 

variables and two endogenous variables (3×2 matrix). The 

exogenous variable in this system consists of the angle of 

incidence (initial), the refractive index of the first medium, 

the refractive index of the second medium and the wavelength 

of the incoming beam, while the endogenous variable in this 

system consists of the critical angle (refractive angle) and the 

intensity of the reflected beam. In Ph-CPS item 1, 

respondents were asked to produce internal total reflection 

with the greatest critical angle on the bending light 

phenomenon. The magnitude of the critical angle in total 

internal reflection determines the efficiency of 

electromagnetic wave transmission in optical fibre cables. 

Interaction between the respondent and the system is carried 

out by modifying and controlling the exogenous variables to 

achieve the intended goal. The system complexity matrix of 

the complex problem is presented in Fig. 3. 

2) Gravity and orbits (Ph-CPS 2)

Simulation of gravity and orbits is a dynamic system that

presents the phenomenon of the Earth’s revolution. This 

simulation uses Kepler’s Law to present planetary motion. 

The complex problems in the system are presented in Fig. 4. 

Fig. 4. Gravity and orbits simulations [75]. 

Task: The Earth revolves around the Sun in a revolving 

motion. Show in the PhET simulation how the Earth can 

continue to revolve ideally around the Sun at a distance of 1.5 

times its original distance! 

The Item Ph-CPS 2 presents complex problems related to 

planetary motion involving three exogenous variables and 

three endogenous variables (3×3 matrix). The exogenous 

variables involved in this system consist of the mass of the 

Earth, the mass of the Sun, and the distance between the Earth 

and the Sun, while the endogenous variables involved in this 

system consist of the shape of the Earth’s revolution orbit, the 

Earth’s revolution period, and the magnitude of the 

gravitational force. The system complexity matrix of the 

complex problem is presented in Fig. 5. 

Fig. 5. System complexity of gravity and orbits simulation. 

3) Projectile motion (Ph-CPS 3)

The projectile motion simulation is a dynamic system that

presents the phenomenon of projectile movement. This 

simulation uses Newton’s laws of motion to represent 

projectile motion. Respondents were asked to shoot targets 

using cannons like the Angry Birds game. The complex 

problems in the system are presented in Fig. 6. 

Task: A cannon shot operates by utilizing parabolic 

motion. Shoot the available target with the highest level of 

accuracy! Earning three stars signifies the highest level of 

accuracy! 
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Fig. 6. Projectile motion simulations [76]. 

The item Ph-CPS 3 presents complex problems relating to 

the accuracy of cannon fire utilizing the concept of projectile 

motion. The system in this item involves three exogenous 

variables and two endogenous variables (3×2 matrix). 

Exogenous variables in this system consist of elevation angle, 

initial speed and initial height of the cannon. In contrast, 

endogenous variables in this system consist of the farthest 

horizontal distance and maximum height. In the Ph-CPS 3 

item, respondents were asked to shoot a high-precision target 

marked with a three-star point. Increasing the elevation angle 

does not always improve the horizontal mileage. Increasing 

the elevation angle from 0 to 45 will increase the horizontal 

range, while increasing the angle from 45 to 90 will decrease 

the horizontal range. Interaction between the respondent and 

the system is done by modifying and controlling the 

exogenous variables to achieve the intended goal. The system 

complexity matrix of the complex problem is presented in 

Fig. 7. 

Fig. 7. System complexity of projectile motion simulation. 

4) Geometric optics (Ph-CPS 4)

Geometric optics simulation is a dynamic system that

presents natural phenomena related to the formation of 

images in lenses and curved mirrors using geometric optical 

approaches. Geometric optics provides practical solutions for 

designing optical instruments according to specific needs. 

The complex problems in the system are presented in Fig. 8. 

Task: Produce a real image with a height 1.5 times the 

original height! 

The item Ph-CPS 4 presents complex problems related to 

the formation of shadows on lenses that utilize the concept of 

geometric optics. The system in this item involves three 

exogenous variables and two endogenous variables (3×2 

matrix). Exogenous variables in this system consist of object 

distance, lens refractive index and lens curvature radius, 

while endogenous variables in this system consist of shadow 

height and distance. In Ph-CPS item 4, respondents were 

asked to produce a shadow of an object with a certain height. 

Interaction between the respondent and the system is done by 

modifying and controlling the exogenous variables to achieve 

the intended goal. The system complexity matrix of the 

complex problem is presented in Fig. 9. 

Fig. 8. Geometric optics simulations [77]. 

Fig. 9. System complexity of geometric optics simulation. 

C. Expert Assessment of Ph-CPS

Table 2 presents the results of the expert assessment of the

four Ph-CPS items. An expert assessment is conducted to 

determine whether the Ph-CPS item meets the criteria for a 

complex problem. Criteria for complex problems include: 1) 

classified as domain-general [11, 12]; 2) system problems 

involve many variables [27, 41]; 3) the variables involved are 

interconnected and interdependent [41]; 4) the problem is 

presented in a dynamic system [27]; 5) connections between 

variables involved in the problem are not transparently 

stated [27, 41]; 6) the problem has multiple objectives 

resulting in conflict of objectives [41]; and 7) the problem 

meets the criteria of a minimally complex system [43]. 

Table 2 shows that the four Ph-CPS items meet seven 

complex problem criteria. The four Ph-CPS items have a 

Vvalue greater than Vtable (Vtable = 0.67) for all criteria [70]. 

Thus, the results of the expert assessment show that the four 

Ph-CPS items meet the criteria as complex problems. 

Table 2. V-Aiken value of expert validation results 

Complex Problem Indicators Ph-CPS 1 Ph-CPS 2 Ph-CPS 3 Ph-CPS 4 

Classified as a domain-general skill (Problems can be solved without relying on mastery of the subject matter) 0.95* 0.88* 0.95* 0.97* 

Problems with the system involve many variables 0.90* 0.87* 0.97* 0.97* 

The variables involved in the problem are interconnected and interdependent with each other 0.87* 0.90* 0.98* 0.97* 

The problem is presented in a dynamic system 0.88* 0.85* 0.97* 0.98* 

The connection between the variables involved in the problem is not stated transparently 0.93* 0.87* 0.93* 0.98* 

Problems have many goals resulting in conflicting goals 0.95* 0.88* 0.93* 1.00* 

The problem meets the minimal complex system criteria 0.90* 0.92* 0.97* 1.00* 

Average Score 0.91* 0.88* 0.96* 0.98* 

Note: * The Vcount is greater than Vtable (Vtable for 15 raters with a rating of 5 is 0.67). 
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Computer-based tests that present dynamic simulations are 

used to measure CPS skills. The commonly used tests to 

measure CPS skills to date are MultiFlux [44],  

MicroDYN [45], Genetics Lab [46], and MicroFIN [47]. The 

four tests were developed in the domain-general skill test 

format. Teaching CPS in the classroom requires developing a 

CPS test using subject matter as the context of the problem. 

This Ph-CPS skill test was developed using physics material 

as the context of the problem, not as problem content. The 

context of the problem in Ph-CPS is presented in a dynamic 

system using PhET simulations. 

The results of expert validation showed that the Ph-CPS 

test using PhET simulations met the criteria for complex 

problems. Although the Ph-CPS test uses physics subject 

matter as the context of the problem, experts agree that all 

question items on the Ph-CPS test can be solved without 

requiring mastery of physics concepts. Many studies state that 

prior knowledge contributes independently to CPS [29, 78]. 

However, prior knowledge is not always beneficial when it is 

only used superficially and does not align with deeper 

structural understanding [41]. The Einstellung effect proves 

that prior knowledge hinders problem-solving [79]. 

The experts also considered that the complex problems in 

the four Ph-CPS test items involved many variables. In the 

complex problem presented, each Ph-CPS test item consists 

of at least two endogenous and two exogenous variables (see 

Figs. 3, 5, 7, and 9). A system is categorized as a problem 

with high complexity if it consists of at least two exogenous 

variables and two endogenous variables [43]. 

Experts assess that the variables involved in the problem in 

each Ph-CPS test item developed are interconnected and 

interdependent. Connections and dependencies between 

variables can be explained through mathematical  

equations [80]. The connections and interdependencies 

among the variables involved in the Ph-CPS test are governed 

by the laws and principles of physics as applied in the 

problem context. The connection will be known after the 

respondent successfully explores the environmental system 

problems presented in the PhET simulation. The physical 

laws and principles used to present the connections and 

dependencies between variables in each Ph-CPS item are 

presented in Table 3. 

 
Table 3. Laws and principles of physics on connections and dependencies 

between variables 

Item Context of the Issue Laws or Principles of Physics 

Ph-CPS 1 Bending lights - Snell’s Law of Refraction 

Ph-CPS 2 Gravity and orbits 
- Kepler’s Law 

- Newton’s Law of Gravitation 

Ph-CPS 3 Projectile motion 
- Newton’s Law 
- Newton’s Law of Gravitation 

Ph-CPS 4 Geometric Optics - Snellius’s Law of Refraction 

 

Experts assess the Ph-CPS test presents problems in a 

dynamic system using PhET simulations. PhET simulations 

are interactive simulations developed by the University of 

Colorado [81] that can present dynamic simulations. PhET 

simulations allow students to manipulate variables and 

observe real-time outcomes [37]. 

Experts assess that the connection between the variables 

involved in the Ph-CPS test problem is not stated 

transparently. The complex problems presented in the Ph-

CPS test do not specify which variables are known and which 

are to be found. The Ph-CPS test only presents problem 

situations within the context of physics and asks respondents 

to achieve the desired goals without specifying the variables 

being asked. The non-transparency of a problem refers to the 

extent to which the target situation, the variables involved, 

the interaction and the dynamics cannot be ascertained [82]. 

Experts also consider that the Ph-CPS test problem has 

many objectives, resulting in a conflict of goals. Although the 

primary objective focuses on one of the endogenous variables, 

side effects from other endogenous variables make the Ph-

CPS problem have many objectives. Side effects appear 

unwanted and unexpected due to interventions in complex 

systems [83]. Side effects can cause new problems or worsen 

existing ones [84] creating new urgent goals that must be 

addressed. Anticipating side effects is one of the keys to 

success in CPS [42], as side effects can create new goals that 

interfere with the primary objectives of the problem. 

Experts assess that the Ph-CPS problems meet the criteria 

of a minimal complex system. In this criterion, the Vvalues for 

Ph-CPS 1, Ph-CPS 2, Ph-CPS 3 and Ph-CPS 4 were 0.90, 

0.92, 0.97, and 1.0, respectively. These results indicate that 

the four Ph-CPS items meet the minimal complex system 

criteria with a high complexity category [43]. The minimal 

complex system criterion is the minimum limit of a problem 

categorized as a complex problem system [85].  

Expert validation results confirm that the PhET simulation 

can help assess CPS skills in physics. These findings support 

the transferability of CPS to educational environments. 

Educators can employ the PhET simulation to assess and 

instruct CPS using physics materials. The Ph-CPS applies to 

instructing physics across all levels of students’ cognitive 

capacities. Students with insufficient physics concepts will 

utilize domain-general skills to finish the Ph-CPS while 

acquiring new physics knowledge. In contrast, students with 

advanced proficiency in physics concepts will utilize physics-

specific knowledge to complete the Ph-CPS. General 

cognitive skills are more influential in complex problems for 

younger students [86], but older and more expert students rely 

more on domain-specific knowledge [32, 35]. It indicates that 

the transferability of Ph-CPS to other CPS contexts is 

challenging due to its dependence on the overlap of the 

KSAO components (knowledge, skills, abilities, and other 

characteristics) required for both CPS contexts [87].  

PhET simulations can assess and instruct on CPS across all 

science fields, including chemistry and biology. PhET 

simulations offer an interactive platform for students to 

actively explore and practice sense-making, facilitating the 

construction and testing of hypotheses [39]. PhET 

simulations can demonstrate real-time alterations due to 

student interactions, enabling learners to comprehend the 

cause-and-effect dynamics of systems [88]. These two 

elements are fundamental components of CPS. Nonetheless, 

not all PhET simulations satisfy the complexity criteria. 

Educators must discern PhET simulations that satisfy the 

minimum complexity standards for their practical application 

in assessing and instructing CPS in the classroom. Moreover, 

developing dynamic microworld-based simulations that 

integrate subject matter material is essential to enhance the 

transferability of CPS to educational environments as a long-

term solution. 

Although only four physics simulations in PhET satisfy the 
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minimal criteria for assessing Physics-CPS (Ph-CPS), this 

finding paves the way for utilizing other simulation platforms 

to assess and teach CPS. Previous studies indicate that 

ChemLab Builder effectively assesses CPS skills in 

chemistry by providing a virtual laboratory environment 

where students may systematically plan experiments, 

manipulate variables, and test hypotheses [22]. Moreover, 

additional studies validate that diverse simulation-based 

microworlds—such as MicroDYN and Genetics Lab—

effectively assess CPS across multiple domains by posing 

challenges that necessitate knowledge acquisition and the 

implementation of problem-solving strategies [89, 90].  

Consequently, identifying and utilizing readily available 

simulations (such as PhET or similar platforms) is a practical, 

immediate answer for integrating CPS into learning 

environments. This corresponds with the perspective that the 

transferability of CPS can be improved by the development 

of simulation-based learning environments that highlight 

system dynamics, unclear relationships between variables, 

and necessitate active exploration by learners [27, 29]. This 

solution addresses the constraints of restricted simulations 

and enhances teaching methods centred on 21st-century 

competencies. 

D. Validity and Reliability of Ph-CPS Test

Four Ph-CPS skill test items were tested on 248

respondents. The analysis results using the Rasch model on 

the fit item criteria are presented in Table 4. 

Table 4 describes that three items meet all three validity 

standards, i.e. Ph-CPS 1, Ph-CPS 2, and Ph-CPS 4. Ph-CPS 

item 3 only meets the PTMEASUR-ALCORR criteria. It 

indicates that only Ph-CPS 1, Ph-CPS 2, and Ph-CPS 3 items 

meet construct validity. Table 4 shows that Ph-CPS item 3 

has an MNSQ outfit value greater than 1.5. It indicates that 

item Ph-CPS 3 is incompatible with the other three items [91]. 

MNSQ values outside the range between 0.5 to 1.5 can 

indicate problems with the item [92]. MNSQ outfit values 

exceeding 1.3 are considered an indication of item misfit [93]. 

Item Ph-CPS 3 has an MNSQ outfit value of 1.91, which is 

classified as high. It is because the Ph-CPS item 3 is classified 

as a problem item that is too easy when compared to the other 

three items based on the logit map presented in Fig. 10. 

Table 4. Item Fit (item = 4) 

Item 
Item 

Measure 

Outfit 

MNSQ 

Outfit 

ZSTD 

PTMEASUR-AL 

CORR 

Ph-CPS 1 1.45 0.82 −1.96 0.61 

Ph-CPS 2 0.91 0.88 −1.40 0.66 

Ph-CPS 3 −2.74 1.91 3.38 0.42 

Ph-CPS 4 0.39 0.98 −0.20 0.63 

Validity 

Standard [94] 

0.77< Outfit 

MNSQ <1.5 

−2< Outfit

ZSTD <2 

0.4<PTMEASUR-

ALCORR < 0.85 

Note: Cronbach Alpha: 0.69; Item Reliability: 0.99. 

Table 4 explains that the Ph-CPS item 3 has a ZSTD outfit 

value greater than 2. It shows that Ph-CPS item 3 is classified 

as an outlier item [95]. Item Ph-CPS 3 has a ZSTD outfit 

value of 3.38, which is classified as high. It indicates that the 

Ph-CPS item 3 deviates considerably from the other three 

items, so the Ph-CPS item 3 can be considered for deletion. 

Table 4 shows that the four Ph-CPS skill test items meet 

the PTMEASUR-ALCORR criteria. It indicates that each 

item correlates with the item’s total score. Although each 

item contributes to the measurement model, Ph-CPS 3 has the 

smallest contribution value to the measurement model when 

compared to the other three items, which is 0.42. The lowest 

PTMEASUR-AL CORR value for the Ph-CPS 3 item 

indicates that this item has the weakest differentiating power 

compared to the other three items [92, 95]. 

Fig. 10. Logit map. 

The reliability test results on the four items showed that the 

Cronbach Alpha value was 0.69 and the item reliability value 

was 0.99. A low Cronbach’s Alpha value indicates that the 

items in the developed test do not measure the same 

dimension, even though the internal consistency of the items, 

as shown by the item reliability, is high. It is usually caused 

by the presence of an item that deviates from the others 

because it is either too easy or too difficult. Table 1 shows 

that Ph-CPS item 3 is classified as an item that is too easy 

based on item measure value (−2.74 < −1.37) and MNSQ 

outfit value (1.91 > 1.33). Thus, Ph-CPS 3 needs to be 

International Journal of Information and Education Technology, Vol. 16, No. 2, 2026

429



  

removed to obtain a reliable test. Table 4 also shows that Ph-

CPS item 1 is classified as a complicated problem (item 

measure value = 1.45 > 1.37). However, Ph-CPS item 1 was 

retained because the validity criteria (Outfit MNSQ, Outfit 

ZSTD and PTMEASUR-ALCORR) were in the valid 

category. 

The validity and reliability test results using the Rasch 

model on the four items showed that the Ph-CPS 3 item 

needed to be removed, and the other three items remained in 

use. Furthermore, re-validity and re-reliability calculations 

were performed on Ph-CPS 1, Ph-CPS 2 and Ph-CPS 4 items 

using the Rasch model. The results of the calculation of 

validity and re-reliability of Ph-CPS 1, Ph-CPS 2 and Ph-CPS 

4 items are presented in Table 5. 
 

Table 5. Item fit (item = 3) 

Item 
Item 

Measure 

Outfit 

MNSQ 

Outfit 

ZSTD 

PTMEASUR-AL 

CORR 

Ph-CPS 1 0.68 1.00 0.02 0.74 

Ph-CPS 2 −0.01 0.92 −0.88 0.66 

Ph-CPS 4 −0.67 1.13 1.51 0.68 

Validity 

Standard [94] 
 

0.77< Outfit 

MNSQ <1.5 

−2< Outfit 

ZSTD <2 

0.4<PTMEASUR-

ALCORR < 0.85 

Note: Cronbach Alpha: 0.77; Item Reliability: 0.96. 

 

Table 5 illustrates that the three items meet the criteria of 

Outfit MNSQ, Outfit ZSTD and PTMEASUR-AL CORR. It 

indicates that the three items can be categorized as valid items. 

The results of the re-reliability test on the three items showed 

that the Cronbach Alpha value was 0.77 and the item 

reliability value was 0.96. A Cronbach Alpha value greater 

than 0.70 indicates that all three items measure the exact 

dimensions in the acceptable category [96]. The three items 

also demonstrated excellent internal consistency, as indicated 

by a high item reliability value (0.96). Thus, Ph-CPS 1, Ph-

CPS 2, and Ph-CPS 4 items meet the construct validity and 

are reliable.  

The concurrent validity test was conducted by correlating 

the Ph-CPS skill test items that met construct validity and 

reliability with the PISA 2012 CPS test. The correlation test 

results are presented in Table 6. Table 6 mentions that each 

item of Ph-CPS 1, Ph-CPS 2, and Ph-CPS 4 is significantly 

correlated to the PISA 2012 CPS test with consecutive 

correlation values of 0.436, 0.542, and 0.580. The Ph-CPS 

score also showed a significant correlation to the PISA 2012 

CPS test, with a correlation value of 0.751. It depicts that the 

Ph-CPS skill test has concurrent validity with the PISA 2012 

CPS⁠ test. 

 

Table 6. Correlation test results between Ph-CPS skill test and PISA 2012 CPS test 

Ph-CPS Item Total Ph-CPS Total CPS PISA 2012 

Ph-CPS 1 
Pearson Correlation 0.650 0.436 

Sig. 0.000 0.000 

Ph-CPS 2 
Pearson Correlation 0.765 0.542 

Sig. 0.000 0.000 

Ph-CPS 4 
Pearson Correlation 0.666 0.580 

Sig. 0.000 0.000 

Total Ph-CPS 
Pearson Correlation 1.000 0.751 

Sig. – 0.000 

Total CPS PISA 2012 
Pearson Correlation 0.751 1.000 

Sig. 0.000 – 

 

Table 6 also demonstrates that Ph-CPS 1, Ph-CPS 2, and 

Ph-CPS 4 items meet the validity of classical theory items. It 

is indicated by each item of Ph-CPS 1, Ph-CPS 2, and Ph-

CPS 4, which are significantly correlated to the total Ph-CPS 

score with consecutive correlation values of 0.650, 0.765, and 

0.666. The correlation values of Ph-CPS 1, Ph-CPS 2 and Ph-

CPS 4 belong to a strong correlation [97]. It can also be 

interpreted that Ph-CPS 1, Ph-CPS 2 and Ph-CPS 4 have 

strong validity. 

Based on the results of item analysis using both classical 

test theory and the Rasch model, only three items were found 

to be valid and reliable: Ph-CPS 1, Ph-CPS 2, and Ph-CPS 4. 

Ph-CPS 3 was deemed invalid because the question was too 

easy, making it inconsistent with the other three items. By 

removing item Ph-CPS 3, the reliability of the Ph-CPS skills 

test increased [98]; thus, the Ph-CPS skills test was 

considered reliable. 

Although the reliability value of the Ph-CPS increased 

after the deletion of Ph-CPS item 3, this deletion caused the 

reliability value of the remaining Ph-CPS to be  

undervalued [99]. The unstable Cronbach Alpha value due to 

the small number of items is a limitation of this study. 

However, the internal reliability value remains high, 

indicating that the Ph-CPS items consistently measure the 

exact dimensions. 

The results of the validity and reliability test using the 

Rasch model show that the Ph-CPS test construct is valid and 

reliable if Ph-CPS item 3 is deleted. Ph-CPS 3 items that 

present problems in the context of projectile motion are 

classified as very straightforward compared to other Ph-CPS 

items. It is because problems related to projectile motion have 

similarities with Angry Birds games [100, 101], making these 

problems familiar beforehand. Respondents will find it easier 

to solve previously known problems. These previously 

known problems are more commonly referred to by the term 

“familiar problem.” 

Individuals facing familiar problems, such as the Ph-CPS 

3 item, will use strategies successfully applied before without 

going through an exploration phase [102]. They may skip the 

knowledge acquisition phase to immediately apply their 

strategies in the Angry Birds game when completing Ph-CPS 

3 items. 

One of the characteristics of a complex problem is that the 

connections between the variables involved in the Ph-CPS 

test problem are not stated transparently [27, 41]. Most 

respondents are familiar with the Angry Birds game, similar 

to the Ph-CPS 3 item. It makes them familiar with the 

connections between variables in Ph-CPS item 3. Thus, Ph-

CPS item 3 is no longer a complex problem for respondents 

familiar with the Angry Birds game. 
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The Ph-CPS test has concurrent validity with the PISA 

2012 test. The PISA 2012 test can be used to measure CPS 

skills [68, 103]. A new test construct with a significant 

correlation with a similar, already validated test means that 

the new test construct has concurrent validity [104]. Thus, the 

Ph-CPS test measures the same construct as what was 

measured on the PISA 2012 Test. 

The result of the Rasch model analysis of the four Ph-CPS 

items showed that only three items (Ph-CPS 1, Ph-CPS 2, and 

Ph-CPS 4) met validity and reliability criteria, while Ph-CPS 

item 3 was invalid because it was categorized as a familiar 

problem. This finding aligns with previous studies that one of 

the main characteristics of complex problems is the opaque 

relationships between variables and the demand for active 

exploration by problem solvers [27, 48]. In solving Ph-CPS 

item 3, respondents showed familiarity with the context of 

projectile motion, similar to the game Angry Birds. It 

suggests that Ph-CPS item 3 only involves familiar strategies 

and no longer requires extensive exploration, thus reducing 

the authenticity of the CPS measurement [29]. 

Removing Ph-CPS item 3 improved the measurement’s 

internal consistency, as reflected in increases in Cronbach’s 

Alpha and item reliability. It confirms that the success of 

simulation-based CPS assessments is highly dependent on 

item quality. Items that are too easy or too familiar will reduce 

the item discrimination, while items that require the 

manipulation of dynamic variables with opaque causal 

relationships actually strengthen construct validity [89, 105]. 

Beyond the technical aspects of the test, these results have 

important pedagogical implications for the CPS’s 

transferability to learning environments. The Ph-CPS test can 

be an authentic assessment that simultaneously measures 

domain-specific and domain-general learning outcomes 

relevant to 21st-century skills learning objectives [90, 106]. 

Teachers can integrate this test into inquiry-based or 

problem-based learning strategies so that students not only 

master physics material but also develop CPS skills such as 

variable control, cause-and-effect analysis, and decision-

making in dynamic systems. 

However, it is important to acknowledge the limitations of 

this test. Students’ level of familiarity with the context of the 

questions can reduce the construct validity of the CPS, as was 

the case with Ph-CPS 3. Therefore, it is key for teachers to 

select simulations that meet the criteria of a minimum 

complex system in order to successfully integrate simulation-

based CPS assessments into the classroom [27, 107]. 

Considering all the above factors, the Ph-CPS test can 

contribute to a more authentic competency-based assessment, 

such as the national assessment currently being developed by 

the Ministry of Primary and Secondary Education of the 

Republic of Indonesia. 

This study is limited by the number of items tested, which 

consists of only four. This technical limitation stems from the 

application’s exclusive use of PhET simulations, with the 

subject matter restricted to physics. In the PhET simulation, 

there are 66 physics simulations out of 120, and only four 

simulations meet the criteria for complex problems and 

minimal complex systems. In the short term, this study can be 

expanded by using PhET simulations to measure CPS skills 

not only limited to physics subject matter but also other 

STEM subject materials available in PhET, such as biology, 

chemistry, mathematics, and earth and space. In the long term, 

the key to successfully transferring CPS skills in educational 

environments is developing new applications through End-

User Development (EUD) that enable teachers to create 

dynamic simulations based on the subject matter [108]. 

E. Domain of Ph-CPS Test 

The regression test between the Ph-CPS test and mastery 

of physics concepts was carried out to determine whether the 

Ph-CPS test was helpful in domain-general or domain-

specific skills. Ph-CPS is declared a domain-general skill if 

concept mastery does not contribute to the Ph-CPS test. The 

results of the regression test between the Ph-CPS test and 

mastery of physics concepts are presented in Table 7. 
 

Table 7. Regression test results between Ph-CPS and physics concept 

mastery (N = 248) 

R Sig R2 

% of 

variance 

explained 

b seb Beta Sig. F 

0.004 0.475 0.000 0.000 42.457 0.069 0.004 0.949 

 

Table 7 illustrates the correlation between mastery of 

physics concepts and Ph-CPS skills of 0.004 with a 

significance value of 0.475. A correlation significance greater 

than 0.05 indicates no significant relationship between 

mastery of physical concepts and Ph-CPS skills [109]. The R-

squared value between mastery of physics concepts and Ph-

CPS skills is 0.000. It explains that mastery of physics 

concepts does not contribute to Ph-CPS skills [110]. Table 7 

shows that the Beta value is very small, 0.004. It shows that 

the effect of mastery of physics concepts on Ph-CPS skills is 

very small [111] so it can be concluded to have no effect. 

The linear regression equation of the relationship model 

between Ph-CPS skills and mastery of physical concepts is 

written in Eq. (1). Table 7 shows that the value of sig. F is 

0.949, which is greater than 0.05. It shows that the regression 

model presented in Equation 1 is insignificant in showing the 

relationship between Ph-CPS skills and mastery of physics 

concepts [112]. 

  

 

  

  

The Ph-CPS test is a CPS test that uses physics subject 

matter as the context of the problem. The development of the 

Ph-CPS test is an effort to expand CPS research from the field 

of psychology into the field of education. Applying CPS 

skills research in education by involving specific subject 

matter must ensure that CPS skills in the context of the 

subject matter are classified as domain-general skills. 

The regression test results showed that physics concept 

mastery does not affect Ph-CPS skills. It indicates that the Ph-

CPS test construct, which measures CPS skills in physics 

subject matter, is classified as a domain-general skill. It aligns 

to develop the CPS test, namely measuring domain-general 

skills. [113]. CPS skills are classified as domain-general 

skills because they involve cognitive skills, such as reasoning, 

planning, and self-regulation, that are not tied to specific 

subject matter [114]. 

This study’s results classify Ph-CPS as a domain-general 

skill, but it is important to avoid oversimplifying this 
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conclusion. Debates in the CPS literature emphasize that 

domain-general and domain-specific aspects are not mutually 

exclusive but interact in complex ways [27, 90, 115]. Even 

when domain knowledge does not significantly predict 

performance, the physics context of Ph-CPS test can still 

activate embedded domain knowledge that supports 

reasoning and exploration [34]. In other words, using physics 

as a test context still involves domain representations, even if 

it is not the primary determinant of performance. 

Transfer theory is also crucial to explaining these findings. 

CPS research shows that students employ general strategies 

across domains like hypothesis generation, variable control, 

and causal reasoning. However, these strategies are often 

anchored in domain representations available in the  

context [12, 116]. It suggests that Ph-CPS can simultaneously 

capture domain-general processes while remaining 

embedded in domain-specific contexts, thus enabling strategy 

transfer and new knowledge formation. 

The absence of influence of mastery of physics concepts 

on Ph-CPS skills shows that Ph-CPS skills are not tied to 

physics material, so that Ph-CPS skills can be transferred to 

CPS with the context of other problems outside of physics 

subject matter. Transferring problem-solving strategies from 

one domain to another will increase a person’s adaptability 

and flexibility in facing new challenges [117]. It explains why 

domain-general problem-solving skills, such as CPS, are 

needed in education in the 21st century [118]. 

However, a more comprehensive perspective suggests that 

the Ph-CPS is not entirely devoid of content; instead, it 

reflects domain-general cognitive processes functioning 

within a physics context, which implicitly supports reasoning. 

The dual nature of simulation-based CPS assessments renders 

them pertinent to education, evaluating transferable skills 

while maintaining alignment with the curriculum. 

Teaching CPS skills with specific subject matter in the 

classroom, such as Ph-CPS, is required now, even though 

these skills belong to domain-general skills. Students will 

acquire physics knowledge that is used as the context of the 

problem after completing a Ph-CPS test as a construct of new 

knowledge. Complex problem solving stimulates the 

formation of new knowledge structures because students 

build internal models of the problem environment [27]. 

Students will gain knowledge while solving complex 

problems due to their active interaction with the problem [12].  

The theory of embedded knowledge in CPS holds that 

complex problem solving stimulates the formation of new 

mental models by connecting domain-general strategies to 

domain-specific representations [29, 107]. This theory aligns 

with the perspective that CPS can be taught in classrooms 

using subject matter, such as physics. Thus, this study 

contributes to the domain-general versus domain-specific 

debate by demonstrating that, although the Ph-CPS tends to 

behave as a domain-general construct, it is still shaped by the 

surrounding physics context. 

V. CONCLUSION 

This study demonstrates that PhET simulations can be an 

effective test for assessing and teaching CPS skills in the 

context of physics, while also opening up opportunities for 

integration into other science disciplines. Ph-CPS exhibits 

domain-general characteristics that remain embedded in the 

material context, making it relevant to accommodate diverse 

levels of student conceptual mastery. These findings 

emphasize the importance of utilizing dynamic simulations 

based on minimally complex systems as a practical and 

sustainable strategy to strengthen authentic assessment and 

the development of 21st-century competencies. Thus, Ph-

CPS contributes to the theoretical debate on the CPS domain 

and provides a practical foundation for transforming science 

assessment and learning toward a more innovative and 

relevant educational system for the challenges of the 21st 

century. 

The results of this study confirm that the Ph-CPS test 

developed using the PhET simulation is valid and reliable 

after the overly familiar item (Ph-CPS 3) was removed. This 

finding emphasizes that item quality plays a central role in the 

success of simulation-based CPS assessments, where items 

requiring active exploration, variable control, and non-

transparent cause-and-effect relationships strengthen 

construct validity. Thus, the Ph-CPS test is relevant as a 

measure of physics mastery and an authentic assessment that 

encompasses higher-order thinking skills, particularly CPS 

that is cross-domain. Practically, this test has the potential to 

be integrated into inquiry-based and problem-based learning 

so that students gain a more meaningful learning experience. 

Furthermore, the results of this study support the direction of 

competency-based assessment policies currently being 

developed nationally, while also opening up opportunities for 

further research to test the effectiveness of Ph-CPS in an 

interdisciplinary context, expand its application to other 

science fields such as chemistry and biology, and explore its 

integration with new technologies such as virtual reality and 

artificial intelligence to enrich the learning ecosystem and 

measurement of CPS skills in the 21st century. 

This study shows that the Ph-CPS test functions primarily 

as a domain-general construct because mastery of physics 

concepts does not significantly influence test results. 

However, participant performance is still influenced by the 

physics context, so the Ph-CPS represents the interaction 

between domain-general strategies and domain-specific 

representations. These findings confirm the relevance of the 

PhET simulation as an authentic assessment that not only 

measures transferable cognitive skills, such as CPS, but also 

supports the formation of new knowledge in physics learning. 

Thus, the Ph-CPS can be a model for 21st-century 

competency assessment that integrates CPS skills into science 

education. These results contribute to an example of the 

transferability of CPS into educational environments, 

particularly physics learning. 
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