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Abstract 
This research is motivated by the low problem-solving ability of students and the dominance of low-level cognitive 
instruments (LOTS) compiled by teachers, which often fail to accurately measure high reasoning power. The purpose 
of this study is to analyze the empirical validity of problem-solving-based science assessment instruments on electrical, 
magnetic, and alternative energy materials. The research method used was quantitative descriptive involving 32 students 
in grade IX. Data were collected through multiple-choice test instruments and analyzed using the Anates 4.0.9 program 
and SPSS to measure validity, reliability, difficulty level (ITK), and differentiating power (IDB). The results showed 
that 65% of the questions were declared empirically valid with a very high reliability coefficient of 0.870. The level of 
difficulty was dominated by the medium category (60%), but it was found that 35% of the questions had poor 
discriminating power. Qualitative findings from expert validators also reveal gaps in the synchronization between 
indicators and image stimuli in magnetic matter. It can be concluded that this instrument meets the requirements for 
strong measurement regularity, but requires improvements in the synchronization aspect of contextual stimuli to 
measure high-level thinking skills (HOTS). Overall, 55% of the questions are suitable for immediate use, 30% need 
revision, and 15% must be discarded. 
Keywords:  
Empirical Validity, Science Assessment Instruments, Problem Solving, Question Item Analysis   
 
Abstrak 
Penelitian ini dilatarbelakangi oleh rendahnya kemampuan pemecahan masalah siswa dan dominansi instrumen kognitif 
tingkat rendah (LOTS) yang disusun guru. Tujuan penelitian ini adalah menganalisis validitas empiris instrumen 
penilaian IPA berbasis pemecahan masalah pada materi listrik, magnet, dan energi. Metode deskriptif kuantitatif 
digunakan dengan subjek 32 siswa kelas IX. Instrumen 20 butir soal pilihan ganda dianalisis menggunakan program 
Anates 4.0.9. Hasil penelitian menunjukkan 65% soal valid secara empiris dengan reliabilitas sangat tinggi (0,870). 
Tingkat kesukaran didominasi kategori sedang (60%), namun 35% daya pembeda soal masih jelek. Berdasarkan 
integrasi data empiris dan expert judgment, disimpulkan 55% soal layak digunakan, 30% memerlukan revisi, dan 15% 
dibuang. Instrumen ini telah memenuhi target sebagai alat evaluasi yang reliabel, namun memerlukan sinkronisasi 
indikator dan stimulus soal yang lebih kuat untuk mengukur keterampilan berpikir tingkat tinggi (HOTS) secara 
optimal.  
Kata Kunci:  
Validitas Empiris, Instrumen Penilaian IPA, Pemecahan Masalah, Analisis Butir Soal   

INTRODUCTION  
Education is a continuous and planned process to produce quality human resources who 

have critical thinking and are able to face future challenges (Magdalena et al., 2021). In the 21st 
century, the demands of education graduates are not only limited to mastering theory, but must 
have 4C skills (Communication, Collaboration, Critical thinking, dan Problem Solving) (Saraswati et al., 
2021). In the context of Natural Science (IPA) learning, problem-solving skills are at the heart of 
the learning process because it trains students to identify problems, design strategies, and draw 
conclusions based on scientific evidence from real-life phenomena (Lukman et al., 2023a). 

Ideally, learning evaluation should be able to measure the achievement of educational goals 
comprehensively, covering high-level cognitive domains such as analyzing (C4), evaluating (C5), 
and creating (C6) (L. Masitoh & Aedi, 2020). Teachers as the main evaluators are expected to have 
competence in compiling valid, reliable assessment instruments, and have the right level of 
difficulty and differentiation so that learning outcomes can present students' true abilities 
(Maemonah, 2022). High-quality instruments are crucial to ensure the accuracy of measurement 
results and the accuracy of the data obtained (Saputri & Larasati, 2023). 

The main problem in this study is the low quality of teacher-made evaluation instruments 
which are still dominated by the low-level cognitive realm (LOTS), such as the aspects of 
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remembering (C1) and understanding (C2), so that they fail to accurately measure students' 
problem-solving abilities (Lukman et al., 2023a). Although the demands of 21st century education 
require graduates to have analytical thinking and problem-solving (HOTS) skills, the reality on the 
ground shows that teachers often find it difficult to interpret the cognitive level of Bloom's 
Taxonomy into valid and reliable question items (L. Masitoh & Aedi, 2020). This condition is 
exacerbated by the results of international studies such as PISA and TIMSS which consistently rank 
Indonesian students' science and mathematics literacy skills at the bottom because of their 
unfamiliarity with non-routine problems that demand high reasoning (Yuliantaningrum & Sunarti, 
2020). In abstract and complex materials such as electricity, magnetism, and energy, students often 
experience misconceptions because existing assessment instruments have not been able to diagnose 
the error of their thinking process in depth (Nurhayati, 2021). 

Including the reality on the ground shows that there is a significant gap. The results of these 
international studies (PISA and TIMSS results) consistently place the science and mathematics 
literacy skills of Indonesian students at the bottom, which indicates the low ability of students to 
solve non-routine problems that require high reasoning (Lukman et al., 2023a). Many assessment 
instruments designed by teachers are still fixated on the low-level cognitive domain, especially the 
aspects of knowledge (C1) and comprehension (C2), and tend to take questions from package 
books without conducting an in-depth analysis of the quality of the question items (Alti et al., 2021). 
In addition, teachers often face difficulties in developing instrument-based Higher Order Thinking 
Skills (HOTS) because of the limited understanding of the rules for writing questions that are valid 
and empirically reliable (Alwahid dkk., 2023). 

This condition can also be seen in abstract science materials such as electricity, magnetism, 
and energy, where students often experience misconceptions and difficulties in connecting 
concepts with their mathematical applications (Nurhayati, 2021a). Based on the results of the item 
analysis, some questions are declared valid, while others are invalid; Similarly, some have a good 
discriminating power index and some show a poor discriminating power index, thus demanding a 
decision to retain, revise, or discard the item (Muslim Darmawan et al., 2022). Empirical question 
item analysis activities are mandatory steps that must be taken to improve the quality of the 
instrument and minimize bias in measuring students' abilities (Setiyawan & Wijayanti, 2020). 

This study aims to analyze the empirical validity of problem-solving-based science 
assessment instruments on electrical, magnetic, and energy materials, which includes validity, 
reliability, difficulty, and differentiating power (Akhmadi, 2021). The novelty of this research lies 
in the development of an instrument specifically designed to evaluate or diagnose students' ability 
to think processes in solving contextual problems that are real and familiar to students in complex 
physics material, beyond the assessment of the final result alone (Zahra et al., 2025). It is hoped 
that this research can make an innovative contribution in providing high-quality evaluation tools 
for science teachers and help familiarize students with analytical and systematic thinking according 
to the demands of the current global era (Setiyawan & Wijayanti, 2020).  

METHODS  
This study uses a quantitative descriptive approach (Akhmadi, 2021). The main objective is 

to describe and analyze the quality of test items empirically based on data obtained from field testing 
(Mutakin, 2023). In contrast to theoretical studies, this study focuses on the actual performance of 
the instrument when applied to a specific group of subjects to determine its feasibility in measuring 
student learning outcomes (Surya et al., 2023). 

This research method is designed in detail using the Research and Development (R&D) with 
ADDIE's development model that includes the Analysis, Design, Development, Implementation, and 
Evaluation (Ardania et al., 2022). In the development stage, the instrument consisting of 20 multiple-
choice questions and description questions is arranged based on a grid that integrates problem-
solving indicators according to Polya or Brookhart (Kurniasi & Arsisari, 2020). The validity of the 
instrument was tested comprehensively through two tracks: the validity of the contents by the 
experts (expert judgment) includes expert validators (Tadris Science Lecturers) along with experienced 
practitioners, namely 2 science teacher colleagues, who function as examiners of material, 
construction, and language aspects, as well as empirical validity through field trials to 32 grade IX 
students (L. Masitoh & Aedi, 2020).  
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The test results in this study are analyzed using computer programs such as Anates 4.0.9 or 
can use other calculation applications such as SPSS to calculate the correlation coefficient Product 
Moment for validity, Alpha Cronbach for reliability, as well as the difficulty level index (ITK) and 
differentiating power (IDB) to ensure that each question item is able to objectively separate the 
groups of high- and low-ability students (Akhmadi, 2021). The materials used in this study are test 
items that include Electrical Materials (Static and Dynamic), Magnets, and Alternative Energy 
Sources. The research instrument includes multiple-choice questions containing 20 questions 
designed to evaluate problem-solving skills (Ardania et al., 2022). Even if it is in the form of an 
essay question, it only focuses on the conceptual and mathematical aspects of physics material 
(Nurhayati, 2021). In addition, validation sheets are also used for experts to assess the content, 
language, and suitability of instruments with cognitive levels (C3–C6) (Lukman et al., 2023a). 

The data collection process follows the following systematic stages, including 1) The 
preparation stage, namely by designing a grid of questions based on the Independent Curriculum 
and in accordance with standards for problem solving (Ardania et al., 2022; Lukman et al., 2023b). 
2) The expert assessment stage is carried out by means of the instrument undergoing a qualitative 
review by experts to assess its accuracy and scientific construction (Magdalena et al., 2020). 3) The 
field testing stage, namely with question items in validated instruments given to 32 student subjects 
using tests based on digital platforms such as Smartschool PGII and Anates for data collection or 
processing (Akhmadi, 2021). And the last one is 4) The documentation stage, which is by recording 
the students' responses/answers and converting them into raw scores for further statistical 
processing (Subakti, 2025). 

The techniques and criteria for data analysis carried out are data collection which is then 
analyzed using Anates version 4.0.9 and Microsoft Excel which is used manually (using calculation 
formulas) to evaluate several specific quality criteria (Setiyawan & Wijayanti, 2020), such as 
performing Validity testing using product moment correlation. An item is considered empirically 
valid if the correlation coefficient (Rx y) greater than the value Table (0.514 for N=32 at a 
significance level of 5%) (Akhmadi, 2021). As for the Reliability or reliability test using Alpha 
Cronbach. The instrument is considered Reliability (reliable) and consistent if the coefficient is≥0.70 
(Subakti, 2025). Then measure the Difficulty Level Index (ITK) by determining the proportion of 
correct answers. Questions are classified as Easy (0.71–1.00), Medium (0.31–0.70), or Hard (0.00–
0.30) (Surya et al., 2023). The Discrimination Index or Discriminating Power Index is by comparing 
the performance of the top 27% of students (upper group) and the bottom 27% of students (lower 
group) (L. F. Masitoh & Aedi, 2020). Items with an index ≥ value of 0.20 are considered 
"Excellent," while values below 0.20 are considered "Poor" and should be discarded or revised 
(Akhmadi, 2021). And the last is the effectiveness of the wrong answer choice or ditractor, that is, 
for multiple-choice questions, the wrong answer choice is considered effective if chosen by at least 
5% of students (Akhmadi, 2021; Ciptasari et al., 2024; Saraswati et al., 2021). 

 
RESULTS AND DISCUSSION  
Results   

The results of the data analysis carried out included testing the validity, reliability, level of 
difficulty, differentiation, and effectiveness of deception on 20 questions that had been tested on 
32 students. Validity testing is carried out by comparing values Rxy with The table is 0.514 at a 
significance level of 5%. A valid instrument shows that the item is able to measure what should be measured correctly 
(Saputri & Larasati, 2023). A summary of the results of the validity test is presented in Table 1. 

 
Table 1. Summary of Instrument Validity Test Results 

Criteria Number of Questions Question Item Number 
Valid 13 2, 5, 6, 7, 9, 11, 12, 13, 14, 15, 16, 18 

Invalid 7 1, 3, 4, 8, 10, 17, 19, 20 

 
Based on Table 1, there are 65% of questions that are declared empirically valid. Invalid 

question items are caused by several factors, including unclear question construction or not in line 
with the desired problem-solving indicator. 

Reliability tests are used to see the accuracy of the instrument in providing measurement 
results (Purniasari et al., 2021). The results of the calculation using the Alpha Cronbach formula 
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show the value of R11=0 .870, which is in the category of very high reliability. This indicates that the instrument 
is very consistent and trustworthy to be used in learning evaluation (Surya et al., 2023). 

Difficulty level analysis aims to determine the proportion of the ease or difficulty of a 
question, while the differentiating power measures the ability of the question in distinguishing the 
upper and lower group of students (Saputri & Larasati, 2023). The distribution of the Difficulty 
Level and Differentiating Strength criteria is summarized in Table 2. 
 
 
 
 

Table 2. Difficulty Level and Differentiating Analysis 
Aspects Criteria Quantity Percentage 

Difficulty Level 
Easy 6 30% 

Medium 12 60% 
Difficult 2 10% 

Differentiating Power 

Very good 6 30% 
Good 5 25% 

Enough 2 10% 
Ugly/Bad 7 35% 

 

The data in Table 2 shows that this instrument is dominated by questions in the medium 
category (60%) (Mutakin, 2023), which is theoretically the ideal proportion for a learning outcome 
test. However, there are 35% of questions that have poor differentiating power, which are generally 
filled with a level of difficulty that is too easy to distinguish students' competencies significantly 
(Ningrum et al., 2023). 

A distractor analysis of multiple-choice questions showed that most of the cheeter options 
worked well because they were chosen by at least 5% of test takers. However, in certain question 
items such as numbers 10 and 17, tricks are found that "don't work" or "badly" so that it makes it 
easier for students to guess the correct answer without a deep thinking process. 

Based on the integration of all analysis criteria, the final decision on the use of the item as 
described in Table 3 is determined. 
 

Table 3. Percentage of Decision Status Question Item 
No

. 
Validity Reliability 

Difficulty 
Level 

Differentiatin
g Power 

Offensive Power 
Conclusion  

A B C D 

1 Invalid very high Easy Enough Accepted Accepted Accepted Revision Revised 
2 Valid very high Medium Good Accepted Accepted Accepted Accepted Worn 

3 Invalid very high Medium Ugly Accepted Accepted Accepted Accepted Removed 

4 Invalid very high Medium Enough Accepted Accepted Accepted Rejected Removed 

5 Valid very high Medium Good Accepted Accepted Accepted Revision Worn 
6 Valid very high Easy Ugly Accepted Revision Accepted Rejected Revised 
7 Valid very high Medium Good Accepted Accepted Accepted Revision Worn 

8 Invalid very high Easy Ugly Revision Accepted Accepted Rejected Revised 

9 Valid very high Medium Good Accepted Accepted Accepted Accepted Worn 

10 Invalid very high Difficult Ugly Accepted Accepted Accepted Revision Revised 

11 Valid very high Medium Good Rejected Accepted Accepted Accepted Worn 
12 Valid very high Medium Enough Accepted Accepted Accepted Accepted Worn 
13 Valid very high Medium Good Accepted Accepted Rejected Accepted Worn 
14 Valid very high Easy Good Rejected Accepted Accepted Accepted Worn 
15 Valid very high Easy Enough Accepted Rejected Accepted Revision Worn 
16 Valid very high Medium Good Rejected Revision Accepted Accepted Worn 

17 Invalid very high Difficult Ugly Accepted Accepted Accepted Accepted Revised 

18 Valid very high Easy Enough Accepted Revision Accepted Accepted Worn 

19 Invalid very high Medium Ugly Accepted Accepted Accepted Rejected Removed 

20 Invalid very high Easy Ugly Accepted Accepted Rejected Revision Revised 

 

Table 3 informs that 55% of the questions (11 items) are suitable for immediate use, 30% 
(6 items) require revision, especially in the aspects of language and deception, while 15% (3 items) 
must be discarded because they do not meet the requirements for validity and discriminating power. 
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Discussion  
The results of the analysis using the Alpha Cronbach formula show that this instrument 

has a reliability coefficient value of 0.870, which is statistically in the very high category (Saraswati 
et al., 2021). The achievement of this number gives a substantial meaning that the instrument has 
an extraordinary level of consistency, which means that if this measuring instrument is given back 
to the same subject at different times or occasions, then the measurement results will be relatively 
stable and consistent (Saputri & Larasati, 2023). 

These findings show that the question items have been systematically arranged in 
accordance with the rules of good instrument writing, so as to minimize measurement errors 
(measurement error) that often happens in teacher-made tests (Akhmadi, 2021). Success in achieving 
a coefficient above 0.80 is also in line with the quality standards of the instrument-based Higher 
Order Thinking Skills (HOTS), which proves that even though the problem requires high reasoning 
and complex thinking processes, this instrument is still able to produce stable and reliable data (L. 
F. Masitoh & Aedi, 2020). 

Comprehensively, this very high reliability is an absolute requirement for evaluation 
instruments to be reliable as a foundation for accountability and instructional decision-making by 
teachers (Akhmadi, 2021). Without strong reliability, teachers' decisions in mapping students' ability 
rankings (upper and lower groups) or determining learning completeness will be biased (Saputri & 
Larasati, 2023). Therefore, this instrument with a value of 0.870 has met the requirements for 
empirical validity to be used widely in evaluating the understanding of science concepts in electrical, 
magnetic, and energy materials accurately (Surya et al., 2023). 

Empirically, 65% of the questions were declared valid. However, the results of qualitative 
judgment provide a critical perspective that is not captured by numbers. The validator, namely a 
fellow science teacher, found that question items 15 and 16 were not in harmony with the indicators 
due to the absence of images of magnetic or electromagnetic interactions in the existing questions. 
These findings confirm the theory that content validity through expert judgment is much more 
crucial than just statistical validity. KKO Incompatibility (Operational Verbs) in question number 1 
(from C2 to C4) that the validator found showed that teachers are often stuck in the use of low 
verbs to measure high-level analytical skills. This is in accordance with the phenomenon in the field 
where teacher assessment instruments are still often dominated by the low-level cognitive realm 
(C1-C2) (Lukman et al., 2023b; Zahra et al., 2025). 

This instrument was dominated by questions in the medium category (60%), followed by 
easy (30%) and difficult (10%) in Table 2. Theoretically, this proportion is close to the ideal normal 
curve (3-4-3 or 25-50-25) to optimize information regarding student ability variations (Ciptasari et 
al., 2024; Saraswati et al., 2021). However, it was found that 35% of the questions had poor 
differentiating power as shown in Table 2. In classical test theory, the low discriminating power of 
"easy" questions occurs because almost all students in the upper and lower groups can answer 
correctly, so that the questions lose their function to separate students who are truly competent 
from those who are less competent (Akhmadi, 2021; Ningrum et al., 2023). The implication is that 
these questions must be revised or discarded so as not to become biased in the final assessment 
(Purniasari et al., 2021; Saraswati et al., 2021). 

Problems such as the grounding phenomenon on fuel trucks (Number 6) and the bimetal 
principle (Number 1) are innovative efforts to measure contextual problem-solving skills (Azizah 
et al., 2020). The data findings showed that students found it easier to identify problems (61.54%) 
than to evaluate solutions (30.77%) (Nurhayati, 2021b). 

This reinforces Brookhart's theory that high-level thinking as problem-solving requires 
complex mental effort beyond just remembering facts (Hanafi et al., 2022; L. F. Masitoh & Aedi, 
2020). The low ability of students to evaluate solutions is in line with the PISA results which shows 
the weaknesses of Indonesian students in the aspect of reasoning and concept integration in new 
situations (Jin et al., 2025; Zahra et al., 2025). 

The implication of the research findings is that there is an increase in teacher competence, 
namely with the findings regarding the incompatibility of indicators and question items (on 
magnetism and energy problems) emphasizing the need for intensive training for teachers in 
compiling grids and instruments-based Higher Order Thinking Skills (HOTS) that is valid in substance 
or construction (Lestari et al., 2020; Pratiwi, 2021). Then the increase in the use of technology, 
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namely the use of applications such as Anates or SPSS, has been proven to make it easier for 
teachers to diagnose question items quickly, accurately, and informatively to determine which 
questions are worthy of entering the question bank (Akhmadi, 2021). And the last is the reflection 
of learning which is the result of an evaluation that shows that the dominance of easy questions 
requires teachers to modify learning strategies to be more challenging and applicative, so that 
students are used to facing non-routine challenges in accordance with the demands of the 21st 
century (Hanafi et al., 2022; Pratiwi, 2021). 

 
 

CONCLUSION  
This research succeeded in aligning the theoretical expectations contained in the 

introduction with the empirical reality in the field. Initially, this instrument was designed to answer 
the challenges of the 21st century that demand problem-solving skills (HOTS), in order to minimize 
reliance on routine memorization problems. The final results showed that this instrument has very 
strong psychometric qualities with a reliability of up to 0.870, which means that this measuring 
instrument is very steady and consistent for repeated use. However, in terms of validity, it is found 
that the statistical numbers do not always reflect the accuracy of the substance; Although 65% of 
the questions were declared empirically valid, expert judgments revealed that there was a "gap" in the 
synchronization between the image stimulants, indicators, and Operational Verbs (KKO) used. 

An in-depth interpretation of these findings shows that students' abilities are still stuck at 
the problem identification stage and are not optimal at the solution evaluation stage. This confirms 
that the transition from knowledge-based instruments (LOTS) to problem-solving (HOTS) 
requires a high level of construction precision, not just increasing the difficulty of the problem. 
Overall, with 55% of questions that are suitable for immediate use and 30% that require revision, 
this instrument has met its target as a valid and reliable evaluation tool reference for complex 
physics materials. 

As for suggestions and developments for the future, especially for Educators and 
Practitioners, it is necessary to make continuous adjustments between the achievement indicators 
and the KKO used (for example, changing the KKO 'identifying' to 'analyzing') to be in line with 
the high-level cognitive targets (C4-C6). For instrument development, it is recommended to add 
more representative visual illustrations, especially in the case of magnetic and transformer materials, 
to help students visualize contextual problems more realistically. And for further research, the 
potential for the development of this research lies in testing the validity of constructs and predictive 
validity with a wider and more diverse sample. In addition, the use of technology such as Large 
Language Models (LLM) in automatically diagnosing students' thinking processes can be an 
innovative research direction in the future to provide  more granular and faster feedback. 
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