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 ABSTRACT 

This study aims to develop a problem-solving skills test 

instrument based on the local context of Toroan Waterfall 

and examine its content validity and students' responses to 

the developed instrument. The study employed a Research 

and Development (R&D) method using the ADDIE model, 
which consists of five stages: analysis, design, 

development, implementation, and evaluation. However, 
the implementation stage was not conducted because the 

study focused on developing and assessing the initial 

feasibility of the instrument. The developed instrument 
consisted of 10 essay questions covering work, energy, 

and simple machines, structured according to Polya's four 
problem-solving stages: understanding the problem, 

planning a strategy, implementing the plan, and reviewing 

the results. Content validity was assessed by four experts 
using Aiken's V formula, while students' responses were 

collected through one-to-one testing involving three 
students and small-group testing involving ten students. 

The results showed that the instrument achieved an 

average Aiken's V coefficient of 0.96, indicating a high 
level of content validity. Furthermore, students' response 

percentages reached 72% in the one-to-one test and 73% 

in the small-group test, both categorized as good. These 

findings indicate that the developed instrument has high 
content validity and received positive responses from 

students. Therefore, it is considered suitable for initial use 

as an assessment instrument for students' problem-solving 
skills in science learning, particularly in the context of 

Toroan Waterfall. Further research is needed to 

implement the instrument in classroom settings and 

examine its broader applicability. 
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INTRODUCTION 

 
The 21st-century education requires students to have a myriad of competencies, one of which 

is problem-solving skills (Sari & Tanjung, 2022; Darmawati et al., 2025). This is particularly essential 

for navigating the intricacies of the present world and is fundamental to the development of a proficient 

generation (Amiruddin et al., 2024). The Merdeka Curriculum is the first innovative educational policy 

tailored for the 21st century, helping students pursue and develop their potential autonomously while 

strengthening competencies such as literacy and numeracy, as well as character education (Muizz et al., 

2023). 

Learners need to develop problem-solving skills, as it is the bedrock of scientific reasoning. 

This distinguishes one's ability to utilize knowledge and skills to identify, analysis, and develop answers 

for intricate issues (Polya, 1957; Siswanto & Meilisari, 2024). Problem-solving as a skill involves 

identifying the problem, devising a solution, implementing the solution, and assessing the solution's 

effectiveness (Polya, 1957; Utami & Puspitasari, 2022). Based on the 2022 PISA (Programme for 

International Student Assessment) survey, the unsatisfactory average of Indonesian students' problem-

solving skills placed the country 67th out of 81 countries (OECD, 2023). Although there was a nominal 

increase in Indonesia's rank from PISA 2018, the country was still considered one of the bottom 15 

countries globally (OECD, 2023). This justifies the need to prioritize strengthening problem-solving 

skill in science education in Indonesia. 

Problem-solving skills are an important aspect that should be the focus of science learning; 

however, their application in schools remains limited. Based on research by Krismawati et al (2023), it 

was found that the implementation of problem-solving skills in schools, especially in the science 

learning process, has not been optimal. The primary factor contributing to this is the orientation of 

science learning, which often employs memorization-based methods and fails to emphasize the 

development of students' scientific process skills. Daily learning exercises have not been directed 

toward contextual problem-solving. Interviews with science teachers at a junior high school in Sampang 

Regency revealed that the integration of local wisdom contexts relevant to students' real-life experiences 

has never been applied in science learning, and students have not received specific exercises aimed at 

developing problem-solving skills. In addition, based on a questionnaire distributed, the majority of 

students stated that their problem-solving skills had never been specifically measured. 

Evaluating a student’s problem-solving skills is one of the constituents of learning. This process 

provides information about students’ level of comprehension of the scientific knowledge and their 

application of the knowledge in their daily lives. The data collected from these measurements could 

serve to enhance the learning process and its assessment (Nurfadillah et al., 2023). The process of 

assessing problem-solving skills can utilize tools. Tools are designed to serve as evaluative aids in 

guiding students to achieve their learning goals more effectively, considering the context and 

circumstances of each individual (Chasanah et al., 2022). Such tools could take the form of science 

questions or problems that students are required to analysis and solve (Putra et al., 2025). The use of 

questions that resolve a problem and are rooted in the local wisdom gives these tools contextual and 

enhanced significance (Nirmalasari et al., 2022). Several prior studies also provide information 

indicating that, prior to formal education, the surrounding cultural environment serves as the first 
teacher to students (Murti & Sunarti, 2021). Therefore, it is possible to assist students in mastering the 

subject content to be taught by integrating local wisdom with the learning tools and their 

implementation. potential and kinetic energy of falling water, the work done by water, or the principles 

of simple machines that may be applied in the infrastructure around the waterfall. This material is part 

of the 8th-grade science curriculum in the odd semester. 

Previous studies have explored the development of problem-solving assessment instruments by 

integrating local cultural contexts. Developed a problem-solving skills instrument on the topic of solid 

geometry by incorporating elements of the Baduy traditional house as a learning context (Khaerunnisa 

et al., 2025). Similarly, Tanjung et al. (2024) developed problem-solving test instruments based on 

cultural values in mechanical materials. These studies demonstrate the potential of integrating local 

contexts into assessment instruments. However, the use of natural phenomena at Toroan Waterfall as a 

context for developing a science problem-solving skills instrument covering work, energy, and simple 

machines has not been addressed in the studies discussed above. Therefore, this study focuses on 
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developing an instrument that connects the physical phenomena of Toroan Waterfall with the 

assessment of students' problem-solving skills. 

The purpose of this study is to design an assessment tool in the form of a problem-solving skills 

test instrument using the Toroan Waterfall for Grade VIII science learning, particularly in the topics of 

work, energy, and simple machines. The study also examines the content validity of the developed 

instrument and students' responses through individual and small-group trials. The instrument is 

structured according to Polya's problem-solving stages: understanding the problem, devising a plan, 

carrying out the plan, and looking back. This study is expected to contribute an alternative contextual 

assessment instrument that connects local environmental phenomena with science concepts and 

provides an initial basis for assessing students' problem-solving skills. 

 

 

METHOD 

 
This study employed a research and development (R&D) approach to develop a problem-

solving skills assessment instrument for Grade VIII science learning. The development process was 

guided by the ADDIE model, which consists of five stages: analysis, design, development, 

implementation, and evaluation (Herawati et al., 2024). Figure 1 illustrates the ADDIE development 

model, which served as the framework for this study, although only the analysis, design, and 

development stages were implemented, followed by preliminary evaluation through expert validation 

and student response trials. The implementation stage was not conducted because the study focused on 

developing the instrument and examining its initial feasibility rather than testing its effectiveness in 

classroom learning. 

 

 
Fig.1. ADDIE Development Model 

 

The analysis stage involved identifying the learning potential of Toroan Waterfall, student 

characteristics, and learning needs. These data were obtained through literature reviews, preliminary 

observations, and interviews with science teachers. The analysis also covered the Learning Outcomes 
(CP), Learning Objectives (TP), and indicators of problem-solving skills relevant to Grade VIII science 

topics, particularly work, energy, and simple machines. In the design stage, a test blueprint was 

developed based on the identified learning objectives and problem-solving indicators. The blueprint 

was used to formulate essay questions and corresponding answer keys. In addition, two supporting 

instruments were prepared: an expert validation questionnaire and a student response questionnaire. 

The development stage involved preparing and refining the assessment instrument based on the 

established blueprint. The resulting instrument consisted of 10 essay questions covering work, energy, 

and simple machines, with cognitive levels ranging from C4 to C5 based on Bloom's taxonomy (Rahayu 

et al., 2021). Each question was designed to assess the four stages of Polya's problem-solving 

framework: understanding the problem, devising a plan, carrying out the plan, and looking back. The 

developed instrument was subsequently submitted for expert validation and preliminary student trials. 

Expert validation involved four validators, while the student trials consisted of a one-to-one test 

involving three students and a small-group test involving ten students at SMPN 1 Ketapang, Sampang 

Regency. 



 
EQUATOR SCIENCE JOURNAL (ESJ)  e-ISSN: 2988-3881 
Volume 4, Issue 3 (2026) 425-436 

 

428 

 

Data collection was conducted by administering validation questionnaires and student response 

questionnaires. The content validity of the developed instrument was analyzed using Aiken's V 

coefficient based on the ratings provided by the four validators. The coefficient was calculated using 

the following formula in equation (1). 

𝑉 =
Ʃ𝑠

[𝑛(𝑐−1)]
        (1) 

(Darmawati et al., 2025)  

 

Where s is the result of r–lo, r is the number given by an assessor, lo is the lowest validation 

assessor number, n is the number of assessors, and c is the highest validity assessor number. Then, the 

appropriate assessment criteria in Table 1. 

 

Table 1. Validity Criteria 

V Value Criteria 

V ≥ 0.8 Valid 

V < 0.8 Invalid 

(Darmawati et al., 2025) 

 

After conducting a trial run of the test instruments, students were asked to provide feedback by 

completing a student response questionnaire. To calculate the percentage score from the questionnaire 

results, the formula listed in Equation 2 was used. 

 

𝑃 =
𝐹

𝑁
 × 100       (2) 

(Paduwinata et al., 2024) 

 

Explanation: P is the percentage, F is the total score obtained by the students, and N is the total 

of the indicator scores. The assessment criteria for the student response questionnaire are presented in 

Table 2. 

Table 2. Assessment Criteria for The Student Response Questionnaire 

Percentage (%) Criteria 

75 < P ≤ 100 Very good 

50 < P ≤ 75 Goog 

25 < P ≤ 50 Poor 

0 ≤ P ≤ 25 Very Poor 

(Paduwinata et al., 2024) 

 

The implementation stage of the ADDIE model was not conducted in this study because the 

research focused on instrument development and preliminary feasibility assessment rather than 

classroom implementation or effectiveness testing. The one-to-one and small-group trials were 

conducted to obtain students' initial responses to the developed instrument. The evaluation stage was 

carried out formatively throughout the development process. Revisions were made based on expert 

feedback and student responses to improve the content, presentation, and clarity of the assessment 

instrument. This formative evaluation was intended to identify areas requiring improvement at each 

development stage (Widiastuti et al., 2024). 

 

 

RESULTS AND DISCUSSION 

 
The problem-solving instrument developed in this study focuses on the context of Toroan 

Waterfall and has obtained an adequate validity assessment (Valid). The instrument development 

process follows the stages outlined in the ADDIE model, which include analysis, design, development, 

implementation, and evaluation.  
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The first stage is analysis. Researchers identified potential science concepts found in the local 

wisdom of Toroan Waterfall, as well as student characteristics, learning needs, Learning Outcomes, 

Learning Objectives, and indicators of problem-solving skills. The researcher identified the potential 

science concepts contained in the local wisdom of Toroan Waterfall, as well as student characteristics, 

learning needs, Learning Outcomes, Learning Objectives, and problem-solving skills indicators. The 

results of the analysis stages are presented in Table 3. 

 

Table 3. Results of the analysis stage 

Analysis Results 

Potential 

Science 

Concepts of 

Toroan 

Waterfall 

1. Effort (visitors carrying goods around the tourist area and residents fishing at 

Toroan Waterfall) 

2. Power (Micro Hydro Water Wheel Power Plant). 

3. Kinetic Energy (Toroan Waterfall appears when water falling from a height 

rushes downward at high speed, demonstrating the conversion of potential 

Energy into kinetic Energy). 

4. Potential Energy (water at the top of the Toroan Waterfall cliff stores 
gravitational potential Energy, the magnitude of which is influenced by the 

mass of water, gravitational acceleration, and height). 

5. Mechanical Energy (moving water, which includes the potential Energy it 

possesses before falling and the kinetic Energy generated from the falling 

water). 

6. Pulley (residents still transport loads manually on steep slopes, even though 

the use of pulleys can make it easier for residents). 

7. Wheel (Wheel in Micro Hydro Power Plant). 

8. Inclined Plane (stairs and gently sloping sandy paths used by visitors and 

residents). 

9. Lever (a tool used to clean the area around the waterfall) 

Student 

Characteristics 

1. Students often struggle to grasp abstract concepts. 

2. Students still struggle with new things they have not encountered before. 

3. Their problem-solving skills can also be considered low because they lack 

training in problem-solving. 

4. Students do not yet have sufficient experience in working on problems that 

link science concepts to real phenomena in the surrounding environment. 

Student Needs 1. They need assessment tools that can measure and train their problem-solving 

skills. 

2. They need a learning approach that is oriented towards real contexts so that 

physics concepts are easier to understand. 

3. HOTS (Higher-Order Thinking Skills)-based exercises are necessary. 

4. There is a need for the development of authentic assessments that integrate 

21st-century skills. 

5. Requires teacher guidance at every stage of problem-solving. 

Learning 

Outcomes  

After studying the material on work, energy, and simple machines, students are 

expected to master knowledge about work and energy as well as the working 

principles of simple machines, including identifying various forms of energy and 

analyzing the use of simple machines in the surrounding environment. 

Learning 

Objectives 

1. Students can describe the variables that determine the level of success of work. 

2. Students can recognize various types of energy and explain the relationship 

between work and energy. 

3. Students can explain the mechanism of energy conversion according to their 

needs. 

4. Students can present information related to renewable energy sources that are 

relevant for use in Indonesia. 

5. Students can describe the advantages of using simple machines. 
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6. Students can explain how several examples of simple machines commonly 

found in their surroundings work. 

7. Students can select and adapt the type of simple machines based on the needs 

and problems found in the surrounding environment. 

Problem-

Solving Skills 

Indicators 

1. The problem understanding stage, where the subject is expected to be able to 

identify known information and determine the aspects being asked in the given 

question. 

2. The planning stage is where the subject is expected to select the appropriate 

formula, technique, or strategy to address the problem at hand. 

3. The implementation stage, where subjects are required to execute a previously 

designed strategy or formula to find a solution to the problem. 

4. The review stage, where subjects review and revise their answers to ensure the 

accuracy and correctness of their solutions. 

 

The findings suggest that Toroan Waterfall should be incorporated into science learning as a 

case study because it contains the concepts of work, energy, and simple machines that can be connected 

to other natural phenomena. Such a locality can consolidate the students' theory with the real phenomena 

around them (Utami & Sayekti, 2023; Dewi et al., 2019). From the students’ characteristics analysis, it 

was found that most of the students had difficulty understanding the abstract concepts, especially the 

work, energy and simple machines. The students have difficulty relating the concepts to real life events 

that happen around them and they are not used to learning that solve problems. This condition is in line 

with findings of Ermawan & Fauziah (2023) that concerns the understanding of physics that students 

have, is only on the practical activities of everyday life. Therefore, it is necessary to implement learning 

that has a real context and focuses on the development of higher order thinking skills (HOTS) as 

conceived to enrich and deepen students' understanding of the concepts (Muizz et al., 2023; Husnaini 

et al., 2025). 

Based on student needs, it was found that an instrument is needed to measure and train problem-

solving skills, with a context that is close to their lives. As explained by Chasanah et al (2022) and 

Murti & Sunarti (2021), the integration of local wisdom in the assessment process has been proven to 

encourage motivation and improve students' understanding of science material. The following analysis 

is Learning Outcomes (CP). Learning Outcomes are a core element of the independent curriculum, 

designed so that each level of education has competency standards that students must achieve. After the 

CP is formulated, teachers need to set Learning Objectives (TP) that serve as operational guidelines to 

translate the CP into concrete steps that are easy to implement in the classroom learning process (Bait 

et al., 2025). Aspects of problem-solving skills generally include several stages, namely understanding 

the problem, planning the solution, implementing the solution plan, and reviewing (Siswanto & 

Meilisari, 2024). Overall, the findings of this analysis serve as the primary reference for designing 

assessment instruments to measure problem-solving skills, based on the context of Toroan Waterfall in 

the subjects of work, energy, and simple machines. The analysis conducted serves as the foundation for 

designing the assessment instruments. 

The second stage was the design stage, in which the findings from the analysis were translated 

into an assessment instrument blueprint. The blueprint was developed based on the learning objectives, 

science content, and four indicators of Polya's problem-solving framework. It guided the preparation of 
10 essay questions, consisting of three questions on work, three on energy, and four on simple machines. 

The questions were designed at cognitive levels C4 (analyzing) and C5 (evaluating) according to 

Bloom's taxonomy (Rahayu et al., 2021). In addition to the test instrument, two supporting 

questionnaires were prepared. The expert validation questionnaire was designed to assess the quality of 

the developed questions, while the student response questionnaire was intended to gather students' 

perceptions after completing the instrument. The student response questionnaire covered their 

experiences in answering the questions, their perceptions of problem-solving-based questions compared 

with regular questions, and their experiences with similar questions in regular learning activities. The 
questionnaire was also validated before being used in the student trials. 

The third stage is development. The development stage involves creating questions based on 

the findings from the previous stage, specifically the identification of problems (Ulviani et al., 2025). 
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Each question assesses four indicators of Polya's problem-solving skills, spanning cognitive levels C4 

to C5. Questions that measure students' understanding of the concept of effort can be found in numbers 

3, 8, and 9 in the developed instrument. Toroan Waterfall Tourism, which is presented in two routes to 

Toroan Waterfall, is illustrated in Figure 2. 

 

 
Fig.2. Excerpt from question number 3 of the problem-solving skills test instrument 

 

Questions that measure students' understanding of the concept of energy can be found in 

numbers 1, 2, and 10 in the developed instrument. These questions cover four indicators of Polya's 

problem-solving skills at the C4-C5 cognitive level. Toroan Waterfall Tourism, which is presented in 

one of the questions, specifically regarding the potential energy of waterfalls, is illustrated in Figure 3.  

 

 
Fig.3. Excerpt from question number 1 of the problem-solving skills test instrument 
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Questions that measure students' understanding of simple aircraft concepts can be found in 

numbers 4, 5, 6, and 7 in the developed instrument. These questions cover four indicators of Polya's 

problem-solving skills at cognitive levels C4-C5. Toroan Waterfall Tourism, one of which is presented 

by a tourism manager who uses an argot as a Type II lever, is illustrated in Figure 4.  

 

 
Fig.4. Excerpt from question number 6 of the problem-solving skills test instrument 

 

The instrument was designed to assess students' problem-solving skills and then validated to 

ensure its suitability. The validation stage aims to gather input, criticism, and suggestions from 

validators as material for improving the product (Lestari et al., 2023). The subject matter expert 

validation process involved two lecturers from the Science Education Study Program at Universitas 

Trunojoyo Madura, and two science teachers from UPTD SMPN 1 Ketapang. Validation by subject 

matter experts began with the involvement of two lecturers from the Science Education Study Program 

at Universitas Trunojoyo Madura, to ensure the suitability of scientific concepts, problem-solving skills 

indicators, and the accuracy of question construction in theoretical terms. After that, validation was 

carried out by two science teachers from UPTD SMPN 1 Ketapang to assess the comprehensibility of 

the language, the level of difficulty, and the relevance of the questions to the characteristics of the 

students at the school. 

Validation was carried out on four main aspects, namely: (A) the relevance of the questions to 

the problem-solving skills indicators to be achieved, (B) the suitability of the questions to the answer 
keys based on the grid, (C) the suitability of local wisdom concepts to science, mathematics, and natural 

sciences material, and (D) the clarity of language use to avoid ambiguity. The assessment scale used in 

the validation was as follows: a score of 4 indicated "very good," a score of 3 indicated "good," a score 
of 2 indicated "poor," and a score of 1 indicated "very poor." The average assessment results of the 

validation by science subject matter experts are presented in Table 4. 

 

Table 4. Validation Results by Science Subject Matter Experts 

Item 

 

V 

Aspect A Aspect B Aspect C Aspect D 

1 0,88 1,00 1,00 0,88 

2 1,00 0,94 1,00 0,88 

3 0,94 0,88 1,00 1,00 

4 1,00 0,94 1,00 0,88 
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Item 

 

V 

Aspect A Aspect B Aspect C Aspect D 

5 1,00 0,94 1,00 0,94 

6 0,94 1,00 1,00 1,00 

7 0,94 0,88 1,00 1,00 

8 0,94 1,00 1,00 1,00 

9 1,00 1,00 0,94 1,00 

10 0,94 1,00 1,00 1,00 

Total 0,96 0,96 0,99 0,96 

Average 0.96 

Category Highly valid 

 

The data in Table 4 provide a summary of the average results from the validation analysis 

conducted by subject matter experts. The validation assessment results for aspect A show an average 

score of 0.96, indicating that the questions developed are aligned with the expected indicators of 

problem-solving skills. Aspect B also received an average score of 0.96, indicating the relevance of the 

questions to the answer key. Aspect C received an average score of 0.99, indicating the relevance of 

local wisdom concepts and science material used in the questions. Aspect D received an average score 

of 0.96, verifying that the language of the questions was clearly stated without the possibility of cross 

interpretation. Furthermore, instrument validation overall average score was 0.96, indicating it was 

highly valid to be used in the context of Toroan Waterfall for work, energy, and simple machines. 

Validators based on questionnaires also claimed that this instrument was valid and applicable in the 

field with a few adjustments recommended. As stated by Maulana (2022) explains, validity testing, is a 

form of determination that examines whether the tool or instrument in question can indeed measure or 

represent the trait to be observed. A comparable result was reported in Ulviani et al (2025) when they 

validated the physics problem-solving instrument they constructed with Aiken's V and got an average 

of 0.836, which is in the category of very high validity.  

Once the student response questionnaire has been completed, the next stage was to validate it 

with the science lecturers of Universitas Trunojoyo Madura prior to the one-on-one and the small group 

testing. The results of the response questionnaire validation showed a score of 0.81, placing it in the 

category of valid instruments. This goes hand in hand with Darmawati et al (2025) where it was found 

that in order for the instruments in the questionnaire to measure students' reaction to the developed 

product with accuracy and dependability, the questionnaire instruments have to undergo validity testing 

first. Once the validation was complete, the problem-solving questions and the students’ response to 

the questionnaire were trialed to students using the one to one and small group methods. The response 

students provided from the questionnaire is captured in Table 5. 

 

Table 5. Results of Student Response Questionnaires 

x One-to-One Test Small Group Test 

Average 72% 73% 

Category Good Good 

 

Table 5 presents the results of the student response questionnaire assessment, where the average 

result of the one-to-one test was 72%, which is categorized as good, and the small group test was 73%, 

which is also categorized as good. These findings indicate that the instrument for assessing problem-

solving skills in the context of Toroan Waterfall, energy, work, and simple machines was well received 

by students, suggesting that it was both practical and enjoyable for them. These findings align with the 

results of research conducted by Ulviani et al (2025), which reported that the average percentage of 

positive responses from students to the test reached 82% in the "outstanding" category. This means that 

the problem-solving skills instrument developed received a positive response from the majority of 

students and can be used by teachers to assess problem-solving skills in the learning process. 

The fourth stage, product implementation, was not carried out in this study; therefore, the 

process proceeded directly to the next stage, evaluation. The evaluation phase, which is the final phase 

of the ADDIE model, is carried out to determine the usefulness of the instruments using actual data 
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gathered in the implementation phase (Putra et al., 2025). There has been an ongoing formative 

evaluation even during the analysis, design and development phases which is in sustain of using the 

product to narrow it down for wider use (Ulviani et al., 2025). There was a formative evaluation in 

every of the phases in order to allow the product to be fine-tuned rapidly based on the feedback 

(Widiastuti et al., 2024). The validation phase of the instruments also had the experts provide 

recommendations and comments that were then used to make further modifications and improvements 

to the instruments to enhance their usability. 

 

 

CONCLUSION AND SUGGESTION 

 
This study resulted in a problem-solving skills assessment instrument consisting of 10 essay 

questions covering work, energy, and simple machines in the context of Toroan Waterfall. The 

questions were developed based on the four stages of Polya's problem-solving framework: 

understanding the problem, devising a plan, carrying out the plan, and looking back. The expert 

validation results yielded an average Aiken's V coefficient of 0.96, indicating that the instrument met 

the established content validity criteria. Furthermore, the student response questionnaire results showed 

percentages of 72% in the one-to-one trial and 73% in the small-group trial, both of which were 

categorized as good. These findings indicate that the developed instrument has met the content validity 

criteria and received positive responses from students during the preliminary trials. However, this study 

was limited to instrument development, expert validation, and preliminary student trials. The classroom 

implementation stage was not conducted; therefore, the instrument's applicability in actual learning 

activities and its effectiveness in assessing students' problem-solving skills have not yet been examined. 

Future research is recommended to conduct classroom implementation involving a larger and more 

diverse group of students. Further studies should also examine the instrument's applicability in science 

learning and its ability to measure students' problem-solving skills in broader learning contexts. 
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  V =   Ʃ s  [ n ( c − 1 ) ]
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