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ABSTRACT 

 This study aimed to develop and test the feasibility of a diagnostic 

instrument for assessing students' critical thinking skills on socio-scientific 

issues (SSI) in physics education with the topic of global warming. This 

objective is motivated by the lack of valid, reliable, and contextually 

appropriate assessment instruments based on Socio-Scientific Issues (SSI) 

in physics education at the secondary school level, amid the low critical 

thinking competencies of Indonesian students as indicated by the 2018 

PISA survey, and the need for an SSI approach as an effective strategy. 

The research method employs a research and development (R&D) design 

using the ADDIE model. The instrument was developed in the form of 20 

essay questions based on SSI contexts and its validity was reviewed by 

experts and tested on 75 students from two high schools in rural and urban 

areas. Data were analyzed using Rasch modeling with the assistance of 

WINSTEPS software. Expert validation results showed that the instrument 

was categorized as “Highly Suitable.” Rasch model analysis confirmed the 

instrument's unidimensionality (raw variance explained by observed 

measures: 30.9%). The analysis results showed that all items were deemed 

fit (Outfit MNSQ: 0.78–1.28; ZSTD:–1.51 to 1.81; and PTMEA Corr: 

0.26–0.68). The instrument's reliability is high, with a Cronbach's alpha of 

0.81, person reliability of 0.80, and item reliability of 0.91, using a 

structurally valid rating scale. However, significant DIF based on gender 

and region was found, indicating the need for further revision to ensure 

measurement fairness. This instrument is deemed valid and reliable for use 

as a diagnostic tool for critical thinking skills in SSI-based physics learning. 

Keywords: critical thinking; diagnostic instruments; socio-scientific issues; physics 

learning 

 

INTRODUCTION 

 Education is the main foundation in shaping superior human resources who are 

adaptive to the challenges of the times. Law Number 20 of 2003 on the National 

Education System states that education is a conscious and planned effort to create an 

active learning environment so that students can develop their full potential, both in 

the spiritual, intellectual, and life skills domains (David & Budianto, 2021). In the 

context of the 21st century, marked by technological advancements and globalization, 

education is not only required to transmit knowledge but also to develop higher-order 
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thinking skills, particularly critical thinking skills (Agustihana & Suparno, 2019; Scott 

et al., 2021; Thornhill-Miller et al., 2023). 

 Critical thinking skills are a key element in the 4C competency framework 

(critical thinking, creativity, collaboration, communication) that students must possess 

to address the complex challenges of the Fourth Industrial Revolution (González-Pérez 

& Ramírez-Montoya, 2022; Prayogi, 2020; Silber‐ Varod et al., 2019). These skills 

include the ability to analysis arguments, evaluate information, and make decisions 

based on evidence and logic (Albano & Umberto Dello Iacono, 2019; Paul & Elder, 

2019). Unfortunately, the results of the 2018 PISA survey by the Organisation for 

Economic Co-Operation and Development (OECD) show that Indonesia still ranks 

low in critical thinking competencies among students (Solihin et al., 2024). 

 One pedagogical approach proven to enhance critical thinking skills is the 

Socio-Scientific Issue (SSI) approach  Jamil et al.         o  pez-Ferna  ndez et al., 2022; 

Putri et al., 2024). This approach places students in real-world contexts that integrate 

scientific and social issues, enabling them to analysis, evaluate, and make decisions 

about contemporary issues in a reflective and scientifically informed manner (Fihani et 

al., 2021; Khoiri, Affandi, 2023). In physics education, the integration of SSI not only 

bridges abstract concepts with social reality but also builds stronger and more 

meaningful scientific literacy (Dewi et al., 2023; Febriani et al., 2023; Jusup et al., 

2022). 

 The SSI approach in developing critical thinking skills cannot be accurately 

measured without valid, reliable, and contextual assessment instruments (Fita et al., 

2021; Fitriyani et al., 2025). Diagnostic instruments play a crucial role in assessing 

students' critical thinking skills in physics education (Putra et al., 2023; Rapi et al., 

2022). These instruments are designed to measure critical thinking skills, not only 

understanding of physics concepts but also the ability to analysis, evaluate, and apply 

knowledge critically, thereby promoting deeper learning and problem-solving skills 

(Bhakti et al., 2023; Pirinen et al., 2023). Based on a preliminary study conducted in 

two high schools in Lampung, it was found that the critical thinking assessment 

applied was not sufficiently varied and had not systematically integrated the SSI 

context. Survey results showed that 59% of students experienced difficulty in applying 

physics concepts to social issues. This fact underscores the urgent need for a diagnostic 

instrument capable of measuring students' critical thinking skills in the context of SSI-

based physics learning. 

 Previous studies have confirmed that most teachers experience difficulties in 

developing valid and reliable assessment instruments to measure critical thinking skills 

(Ekawati et al., 2024; Payan-Carreira et al., 2022; Sari et al., 2024). Additionally, 

previous research has shown that the use of SSI-based instruments in chemistry 

education can enhance students' analytical and evaluative skills (Rahayu & Rosawati, 

2023). Based on this previous research, it can be seen that research specifically 

developing diagnostic instruments for critical thinking skills in SSI-based physics 

learning is still unavailable. This gap indicates an urgent need for conceptual, valid, 

and reliable assessment instruments to support physics learning that focuses not only 



Development of Diagnostic...  

96 

 

on cognitive outcomes but also on strengthening students' scientific reasoning and 

critical thinking skills. Therefore, this study was designed with the aim of developing 

and testing the feasibility of a diagnostic instrument in physics learning on Socio-

Scientific Issues (SSI). SSI is designed to measure students' critical thinking skills in 

physics learning. 

METHOD 

Sample 

 The sample in this study consisted of 75 students (20 male and 55 female) in 

grade 11 from two areas between the village and the city. The village area was from 

SMA N 1 Adiluwih with 41 students, and the city area was from SMA Perintis 2 

Bandar Lampung with 34 students. The instrument was tested in the odd semester of 

2025/2026 in both schools. All students who were part of the sample in this study had 

received lessons on global warming.  

 

Development Model 

 This study is a development study using a research and development (R&D) 

approach. The development process adopts the ADDIE model (Analysis, Design, 

Development, Implementation, and Evaluation) developed by Robert Maribe Branch, 

which consists of five development steps (Branch & Varank, 2009). This model was 

chosen because it provides a systematic, easy-to-understand framework suitable for 

designing products, including assessment instruments (Umami et al., 2021). 

 

 
 

Figure 1. Research Stages 

Instrument 

    The questions are based on socio-scientific issues related to global warming. The 

instrument consists of 20 essay questions covering 12 socio-scientific issues (SSI). The 

questions were developed using Bloom's revised taxonomy in terms of cognitive level  

(Farida et al., 2019).  
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Table 1. Number of Items and Topics of Social-Scientific Issues 

Cognitive Level SSI Topic  Question Distribution 

C4 Drought 1 

C5 Household Electricity Consumption 2 

C5 Biofuel Production and Use 3,4 

C4, C5, C6 Motor Vehicle Emissions and Renewable Energy 5, 6 

C4, C5, C6 Forest Fires 7, 8 

C4, C5, C6 Drought and Agricultural Irrigation 9, 10 

C4, C5, C6 Deforestation  11, 12, 13 

C4, C5, C6 Flooding and Rising Sea Levels 14, 15, 16 

C6 Urban Heat Island  17 

C4, C5, C6 Clean Water Distribution during Droughts 18 

C4, C5 The Role of  Plants in Mitigating Global Warming 19 

C4, C5 Changes in Rainfall Patterns and Their Impact on Health 

& the Economy 

20 

 

 The number of questions using the cognitive dimension of Analysis (C4) is 7 

questions, Evaluation (C5) is 7 questions, and Creation (C6) is 6 questions. One of the 

indicators that can be used to investigate critical thinking skills is from Facion, with 

indicators of interpretation, analysis, evaluation, inference, explanation, and self-

regulation  Fithriyah & Sa’dijah    16). 

Table 2. Critical Thinking Indicators and Item Indicators 

Indikator Berpikir 

Kritis 
Question Indicators 

Interpretation Analyzing the possible scientific causes of  the 2025 dry season decline 

Analyzing the impact of  increased CO₂ from deforestation on global warming 

Analysis Explaining how motor vehicle emissions cause global warming 

Analyzing the relationship between the greenhouse effect and increased forest fires 

Analyzing the relationship between rising global temperatures and drought in 

agricultural land 

Analyzing the relationship between global warming, melting polar ice caps, and 

tidal flooding 

Analyzing the results of  experiments on the effects of  plants on room temperature 

Evaluation Evaluating the most effective energy-saving measures to reduce global warming 

Evaluating the effectiveness of  biofuels in reducing carbon emissions 

Evaluating government assistance options for addressing drought 

Evaluating whether logging bans are effective in reducing global warming 

Evaluating the most critical and long-term causes of  tidal flooding 

Evaluating the effectiveness of  clean water distribution by the Regional Disaster 

Management Agency (BPBD) during droughts 

Inference Evaluating the impact of  food waste habits on global warming 

Explanation Designing a campaign slogan to reduce deforestation and global warming 

Self-Regulation Designing solutions for the effectiveness of  biofuels in reducing carbon emissions 

Designing a school program to reduce vehicle emissions 

Designing proposals for local technology or policies to prevent forest fires 

Designing innovations to minimize the risk of  tidal flooding 

Designing scientific solutions to reduce heat caused by the urban heat island effect 
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Assessment  

    Each item in this instrument is assessed using a 4-point scale ranging from 0 to 3. A 

score of 0 indicates the student's inability to answer the question, and a score of 3 

indicates the student's ability to answer the question perfectly. Therefore, assessment 

guidelines for each item have been developed to facilitate teachers in evaluating 

answers to each item. 

 

Data Analysis 

    The test results were analyzed using the WINSTEPS application, which supports 

Rasch modeling for ordinal data and provides detailed information about the quality of 

each item. The analysis was conducted through several analyses using Rasch modeling 

(Sumintono & Widhiarso, 2015). 

1. Verification of the unidimensionality assumption, to ensure that the instrument 

measures only one main construct, namely critical thinking, in accordance with 

the unidimensionality principle of the Rasch model (Linacre, 2009). 

2. Item fit test with the Rasch model (Model Fit). This test was conducted by 

examining the Outfit MNSQ, Outfit ZSTD, and Pt Measure Corr values (Boone, 

2014). An item was categorized as a misfit if it met the following three criteria. 

a. Outfit Mean-Square Residual (MNSQ): 0.5 < y < 1.5 

b. Outfit Standardized Mean-Square Residual (ZSTD): -2.0 < z < +2.0 

c. Point Measure Correlation (Pt Measure Corr): 0.4 < x < 0.8 

3. Rating Scale, this is done to test the effectiveness of the response categories used 

in the critical thinking instrument. This analysis evaluates whether the rating 

scale functions as intended by analyzing category thresholds, response 

distributions, and calibration steps to ensure meaningful progress in assessment. 

4. Person-Item Map Analysis (Wright Map), to analyze the level of correspondence 

between the difficulty level of the items and the respondents' abilities to ensure 

that the instrument can measure effectively. 

5. Item Separation Test, to assess how well the instrument separates questions into 

categories/levels of difficulty (e.g., easy, medium, difficult). 

6. Person Separation Test, to assess how well the instrument can group students 

based on their ability levels (e.g., low, medium, high). 

7. Reliability Test, to determine the consistency of the instrument in measuring 

students' critical thinking skills through the estimation of item and respondent 

reliability indices. 

8. Difficulty Level Test, to categorize items into low, medium, or high difficulty 

levels to validate the instrument's suitability for the test group. 

9. DIF (Differential Item Functioning) Test, to detect bias toward certain groups 

(e.g., based on gender) in each item. This analysis is important to ensure the 

fairness of the instrument. 

 Based on the analysis results, these items will be used to revise or refine the 

instrument so that it meets the validity and reliability criteria based on Rasch modeling 

standards. Overall, this analysis validates the diagnostic instrument as a powerful tool 



Dewi Tri Wulandari, Rahma Diani, Hendri Noperi 

99 

 

for measuring students' critical thinking skills in physics learning based on Socio-

Scientific Issues. 

 

FINDINGS AND DISCUSSION 

 This study began with a preliminary study through an analysis of the needs of 

students and educators. The results of a questionnaire distributed to students revealed 

that many students had difficulty applying physics concepts to solve problems that 

required critical thinking skills based on Socio-Scientific Issues (SSI). These difficulties 

arise due to the limited use of assessment tools designed to develop critical thinking 

skills, particularly in the context of Socio-Scientific Issues. To date, students have 

primarily been given routine questions that fail to sufficiently challenge their critical 

thinking abilities in depth. 

  Further interviews with physics educators highlighted the gap in current practices 

for measuring critical thinking skills based on Socio-Scientific Issues (SSI). Teachers 

emphasized the need for valid and reliable assessment tools to evaluate students' ability 

to critically respond to scientifically significant social issues, such as climate change 

and renewable energy. These instruments are expected to serve as a basis for designing 

more contextual learning strategies and providing meaningful feedback. 

 The number of validated items in this study was 20 essay questions administered 

to students to assess their critical thinking skills on Socio-Scientific Issues. This study 

was conducted in physics learning with the topic of global warming. The validity of the 

questions was validated by subject matter experts and evaluation experts. The results of 

the validation conducted by three subject matter experts and three evaluation experts 

are presented in Table 3 

Table 3. Results of Content Expert and Evaluation Expert Validation 

Validation Percentage Average Category 

Subject Matter Expert 

Expert 1 91% 

93% Highly Qualified  Expert 2 97% 

Expert 3 90% 

Evaluation Expert 

Expert 1 83% 

91% Highly Qualified Expert 2 100% 

Expert 3 91% 

 

 The results of the above validation show that the critical thinking instrument on 

Socio-Scientific Issues received a very satisfactory rating from the experts. These results 

were obtained after revising the product to improve clarity and the suitability of the 

developed questions as suggested by the experts. After revision, the instrument was 

then tested on students. 

 Before conducting further analysis using the Rasch model, it is important to 

ensure that the instrument meets the assumptions of unidimensionality and local 

independence. The dimensionality test using the Winstep program is shown in the item 

output: dimensionality. The results of the analysis can be seen in Figure 2. 



Development of Diagnostic...  

100 

 

Figure 2. Unidimensionality Analysis of the Instrument 

     

 The analysis results show that the total variance explained by the instrument is 

30.9%, exceeding the threshold of 20% and fulfilling the assumption of 

unidimensionality. Meanwhile, the unexplained variance in the first contrast is 9.8%, 

which is still below the 15% threshold, indicating no significant interference from 

additional dimensions (Linacre, 2009; Sumintono & Widhiarso, 2015). These findings 

confirm that the Socio-Scientific Issue-based critical thinking instrument meets the 

assumption of unidimensionality, validating its use in physics education. 

 Item fit analysis shows that most items are consistent with Rasch modeling. 

According to Boone, the mean-square residual (MNSQ), z-standard (ZSTD), and point 

measure correlation (PTMEA CORR) are criteria used to assess item fit (Boone, 2014). 

The results of the item fit test for the developed items can be seen in Table 4 below. 

Table 4. Results of the Item Fit Test 

Item Measure MNSQ Outfit ZSTD Outfit PTMEA CORR Description 

1IN 0.21 1.09 0.60 0.26 fit 

2EV 0.45 1.23 1.43 0.33 fit 

3EV -1.22 0.99 -0.04 0.50 fit 

4SR -1.09 0.97 -0.15 0.65 fit 

5AN -0.41 0.78 -1.51 0.45 fit 

6SR -0.35 1.22 1.41 0.68 fit 

7AN -0.53 0.87 -0.85 0.47 fit 

8SR 0.45 1.09 0.62 0.39 fit 

9AN -0.47 0.80 -1.37 0.27 fit 

10EV 0.45 0.80 -1.34 0.55 fit 

11IN 0.82 0.83 -1.10 0.39 fit 

12EV 0.69 1.14 0.90 0.37 fit 

13EX 0.27 0.91 -0.58 0.57 fit 

14AN -0.17 1.02 0.20 0.33 fit 

15EV 0.60 0.92 -0.49 0.45 fit 

16SR -0.76 1.28 1.81 0.53 fit 

17SR -0.11 1.27 1.72 0.65 fit 

18EV 0.82 0.98 -0.07 0.47 fit 

19AN 0.30 1.05 0.38 0.63 fit 

TABLE 23.0 INPUTRASCHDEWI.xlsx                   ZOU781WS.TXT  Jul 31 2025 09:16 

INPUT: 75 PERSON  20 ITEM  REPORTED: 75 PERSON  20 ITEM  4 CATS MINISTEP 5.10.1.0 

--------------------------------------------------------------------------------- 

  

     Table of STANDARDIZED RESIDUAL variance in Eigenvalue units = ITEM information 

units 

                                           Eigenvalue   Observed   Expected 

Total raw variance in observations     =      28.9616 100.0%         100.0% 

  Raw variance explained by measures   =       8.9616  30.9%          30.8% 

    Raw variance explained by persons  =       5.6704  19.6%          19.5% 

    Raw Variance explained by items    =       3.2913  11.4%          11.3% 

  Raw unexplained variance (total)     =      20.0000  69.1% 100.0%   69.2% 

    Unexplned variance in 1st contrast =       2.8395   9.8%  14.2% 

    Unexplned variance in 2nd contrast =       2.0214   7.0%  10.1% 

    Unexplned variance in 3rd contrast =       1.9454   6.7%   9.7% 

    Unexplned variance in 4th contrast =       1.7340   6.0%   8.7% 

    Unexplned variance in 5th contrast =       1.6113   5.6%   8.1% 
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Item Measure MNSQ Outfit ZSTD Outfit PTMEA CORR Description 

20IF 0.06 0.78 -1.50 0.30 fit 

Mean 

P.SD 

0,00 

0.59 
    

 

 Overall, the 20 items developed were deemed fit for the Rasch model because 

they met at least one of the three eligibility criteria, namely Outfit MNSQ, Outfit 

ZSTD, and PTMEA CORR. The Outfit MNSQ values for all items fell within the 

ideal range of 0.5–1.5, indicating response adequacy (Boone, 2014; Linacre, 2009). The 

Outfit MNSQ values for all items fell within the ideal range of 0.5–1.5, indicating 

response adequacy (Boone, 2014; Linacre, 2009). The Outfit ZSTD criterion was used 

to detect outliers or extreme discrepancies. The ideal value is around 0, with a 

tolerance of ±2 considered acceptable (Sumintono & Widhiarso, 2015). Meanwhile, 

although the PTMEA CORR values for some items are below the ideal value of 0.4 

(e.g., items 1IN, 2EV, 9AN, and 20IF), the items are still considered valid because they 

meet the MNSQ and ZSTD criteria. However, these items are recommended for 

revision to enhance construct strength and discriminative ability in the future (Linacre, 

2012). 

 The evaluation of the scoring scale in the scoring rubric was conducted by 

examining the Andrich Thresholds to determine whether the score categories 

effectively differentiated the ability levels of the students. Ideally, the threshold distance 

should range from 1.4 to 5.0 logits.  The threshold analysis can be seen in Table 5. 

Table 5. Analysis of Andrich Thresholds for the Rating Scale 

Rating Transition 
Lower 

Threshold 

Upper 

Threshold 

Andrich Threshold 

Distance 
Recommendation 

Rating 0 to 1 0 -2.20 2.20 Maintain 

Rating 1 to 2 -2.20 0.16 2,36 Maintain 

Rating 2 to 3 0.16 2.04 2.20 Maintain 

 

 The analysis results show that all categories of the assessment scale have a 

threshold distance above 1.4 logits, meeting the criteria for structural validity without 

any indication of the need to merge or separate categories. The probability curve shows 

a clear, sequential distribution of categories, each with a dominant peak, indicating 

that each category is used and understood well by respondents. There are no flat 

categories or categories that have lost their peaks, reinforcing that the scale structure 

has been calibrated appropriately. Thus, this rating scale is valid and reliable in 

effectively measuring variations in student ability. 

 The Wright Map provides a comprehensive representation of the relationship 

between student ability and item difficulty. The Wright Map illustrates the relationship 

between student ability and item difficulty on a single logit scale, where high-ability 

individuals and difficult items are positioned at the top, while easy items and low-

ability students are at the bottom (Boone, 2014). 
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CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections  

P      -+------+------+------+------+------+------+------+------+- 

R  1.0 +                                                         + 

O      |                                                         | 

B      |                                                         | 

A      |00                                                    333| 

B   .8 +  00                                                33   + 

I      |    00                                            33     | 

L      |      00                                        33       | 

I      |        0                                      3         | 

T   .6 +         00      11111111                     3          + 

Y      |           0   11        11      2222222    33           | 

    .5 +            011            11  22       22 3             + 

O      |           110               *2           *2             | 

F   .4 +          1   00           22 11         3  22           + 

       |        11      0         2     1      33     22         | 

R      |      11         00     22       1    3         2        | 

E      |    11             0   2          1133           22      | 

S   .2 +  11                0*2            311             222   + 

P      |11                 22 00         33   11              22 | 

O      |                222     000   333       11              2| 

N      |          222222         33***00          111111         | 

S   .0 +**********333333333333333       0000000000000000*********+ 

E      -+------+------+------+------+------+------+------+------+- 

       -4     -3     -2     -1      0      1      2      3      4 

        PERSON [MINUS] ITEM MEASURE 

 

  

 

 

 

 

 

  

 

 

 

 

 

 

Figure 3. Andrich Threshold Graph at Category Intersections 

   The Wright Map in Figure 4 shows that the distribution of respondents 

is at logit 0–2, indicating relatively good ability, while the items are spread across 

varying levels of difficulty. This balanced distribution indicates that the instrument is 

able to measure student ability effectively and proportionally. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Wright Map Analysis 

TABLE 1.0 INPUTRASCHDEWI.xlsx                    ZOU781WS.TXT  Jul 31 2025 09:16 

INPUT: 75 PERSON  20 ITEM  REPORTED: 75 PERSON  20 ITEM  4 CATS MINISTEP 5.10.1.0 

--------------------------------------------------------------------------------- 
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    The most difficult items are found at logit +0.9, namely 18EV and 11IN, while 

the easiest items are found at logit -1, namely 3EV. This means that 18EV and 11IN 

are designed for students with high abilities, while 3EV is suitable for students with 

lower abilities. Adjusting the difficulty level of such items is important to ensure that 

all students can be effectively reached by the measurement instrument. This mapping 

helps in evaluating the suitability of the items with the students' responses. Items that 

are too easy or too difficult for most students can be considered suboptimal and need 

revision (Sumintono & Widhiarso, 2015). 

 

Tabel 6. Person &Item Separation dan Statistik Reliabilitas 

Parameter Measure SD Separation Reliability Alpha Cronbach 

Person (N=75) 0.16 2.12 2.00 0.80 
0.81 

Item     (N=20) 0.00 0.61 3.15 0.91 

 

The results of the Person & Item Separation analysis show that a person 

separation value of 2.00 indicates the instrument's ability to distinguish students into 

three different ability groups, with a participant reliability of 0.80. This reflects the 

consistency and stability of individual ability measurements. In addition, the 

Cronbach's alpha value of 0.81 confirms that the items have good internal consistency 

in measuring the desired critical thinking construct. On the other hand, the item 

separation of 3.15 and item reliability of 0.91 indicate that the items have a wide range 

of difficulty levels and high consistency in their measurement (Boone, 2014). 

Item difficulty levels were classified based on logit distribution using the mean 

and standard deviation (SD) as references. Items with a logit > mean + 1 SD were 

categorized as very difficult, while items with a logit < mean – 1 SD were classified as 

very easy (Sumintono & Widhiarso, 2015). Based on the output “Summary of    

Measured Items” in Table    the mean logit value is  .   and the SD is  .53 logit. 

Using this reference, the items are classified into four difficulty categories as shown in 

Table 7. 

Table 7. Item Classification Based on Difficulty Level 

Category Range Number of  Questions 

Very difficult >1 SD 11IN, 18EV, 12EV, 15EV 

Difficult Mean s/d 1 SD 2EV, 8SR, 10EV, 19AN, 13EX, 1IN, 20IF 

Easy -1SD s/d mean 7AN, 9AN, 5AN, 6SR, 14AN, 17SR 

Very easy <-1SD 3EV, 4SR, 16SR 

 

 Based on the analysis of question difficulty levels, most items are distributed in 

the very difficult and easy categories, with 7 and 6 items in each category, respectively. 

Four items, namely 11IN, 18EV, 12EV, and 15EV, are in the very difficult category 

with a logit >0.53 logit. Meanwhile, three items, namely 3EV, 4SR, and 16SR, are in 

the very easy category with a logit <-0.53 logit. This distribution shows that the 

instrument has a sufficiently high level of difficulty to measure students' critical 
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thinking skills. This is consistent with the nature of critical thinking ability tests, which 

target students' higher-order critical thinking skills. 

 An item is said to have bias/dif in a category if its probability value is less than 

0.05 (Sumintono & Widhiarso, 2015). DIF analysis was conducted based on gender 

(male and female) and region (rural and urban). 

 

Table 8. DIF Based on Gender and Region for the Developed Test Items 

Item Name DIF Gender (Probability) DIF Region (Probability) 

1 01IN 0.2497 0.6283 

2 02EV 0.0544 0.0837 

3 03EV 0.8287 0.2870 

4 04SR 0.5590 1.0000 

5 05AN 0.3443 1.0000 

6 06SR 0.0272 0.0080 

7 07AN 0.1740 0.6746 

8 08SR 0.0589 0.7192 

9 09AN 0.2505 0.6864 

10 10EV 0.4464 0.4781 

11 11IN 0.7264 0.5426 

12 12EV 0.2208 0.0103 

13 13EX 0.8464 0.5544 

14 14AN 0.1703 0.8989 

15 15EV 0.0933 0.7752 

16 16SR 0.8155 0.5492 

17 17SR 0.6634 0.8593 

18 18EV 0.4563 1.0000 

19 19AN 0.6259 0.7980 

20 20IF 0.5154 0.4548 

 

  Based on the output of the Winstep application in Table 7, item 6SR has a 

probability value of 0.0272, which is less than 0.05, meaning that 6SR has a bias based 

on gender. In Figure 6, item 6SR has a value of 0.0080 and item 12EV has a value of 

0.0103. This means that items 6SR and 12EV exhibit bias based on region. DIF may 

arise if an item is more relevant or easier to understand for one particular group 

compared to others. These differences underscore the need for further evaluation to 

ensure that the items remain fair in measurement 
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Figure 5. DIF Measure Plot Graph for Men and Women in completing test items 

 

 
Figure 6. DIF Measure Plot Graph for Regions in completing test items 

 

 Overall, the significant DIF in Figure 7, in question 6SR, shows that the question 

does not function fairly between male and female groups. Where the question is more 
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advantageous for women than for men. Meanwhile, Figure 8 shows that questions 6SR 

and 12EV show that the questions function unfairly between rural and urban areas. 

Question 6SR appears to favor urban areas over rural areas, while question 12EV 

favors rural areas over urban areas. Therefore, revisions are needed to ensure that the 

items measure equally without favoring a particular group, in order to maintain the 

fairness and validity of the instrument (Adams et al., 2018). 

 The research results indicate that the Socio-Scientific Issue-based critical thinking 

instrument is valid and reliable for measuring students' critical thinking skills in physics 

education. The instrument demonstrates good reliability with a Cronbach's Alpha 

value of 0.81, reflecting high consistency, in line with recommendations in the 

literature (Barbera et al., 2020). The research results indicate that the Socio-Scientific 

Issue-based critical thinking instrument is valid and reliable for measuring students' 

critical thinking skills in physics education. The instrument demonstrates good 

reliability with a Cronbach's Alpha value of 0.81, reflecting high consistency, in line 

with recommendations in the literature (Avinç & Doğan, 2024; Sumintono & 

Widhiarso, 2015). 

 Item suitability analysis based on the Rasch model also shows that all 20 items 

fall into the fit category. The three main indicators for item fit testing, namely Outfit 

MNSQ, Outfit ZSTD, and PT Measure COR, are within the recommended tolerance 

range (Boone, 2014; Linacre, 2012). This indicates that all items are consistent with the 

Rasch model and measure the same construct consistently, thereby supporting the 

construct validity of the instrument.  

 Andrich threshold analysis shows that the transition between categories is above 

the Andrich threshold distance (1.4 logits). This indicates that the categories are 

effective and can be used in measurement (Adams et al., 2018; Cantó-Cerdán et al., 

2021; Kalkbrenner, 2021). Additionally, the Differential Item Functioning (DIF) 

analysis revealed potential bias in item 6SR based on gender, with a probability value 

of 0.0272 (< 0.05). This item tends to favor women over men. Furthermore, the DIF 

analysis also identified potential bias in items 6SR and 12EV based on region. 

Specifically, item 6SR favors urban areas over rural areas, while item 12EV favors rural 

areas over urban areas. The presence of significant DIF in certain items can threaten 

fairness in measurement, so revisions are needed to ensure that the instrument remains 

fair and free from bias between groups (Sari et al., 2024).  

 The distribution of item difficulty levels also provides important information 

about critical thinking skills. Based on logit analysis, most items fall into the difficult (4 

items) and very difficult (7 items) categories, while the rest are spread across the easy (6 

items) and very easy (3 items) categories. This distribution indicates that the instrument 

tends to be challenging and is intended to measure critical thinking skills. Although 

this is consistent with the instrument's objectives, it is necessary to ensure that the 

distribution of difficulty levels remains proportional so that the instrument can measure 

the entire range of students' abilities fairly and comprehensively (Boone, 2014; Sahin 

Kursad & Yalcin, 2024). 
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 This finding is reinforced by the Wright map, which illustrates the relationship 

between student ability and item difficulty level. Most students are in the 0 to 2 logit 

ability range, while items are evenly distributed above and below that range. This 

indicates that the instrument has sufficient discriminating power to differentiate 

students based on their ability level. 

 Overall, the person separation value of 2.00 and person reliability of 0.80 indicate 

that the instrument is capable of distinguishing at least three different ability groups. 

Meanwhile, the item separation value of 3.15 and item reliability of 0.91 indicate a 

good distribution of difficulty levels and consistency in measurement between items. 

This reliability strength confirms that the instrument was developed with the 

appropriate structure and item composition to measure students' critical thinking 

constructs in the context of Socio-Scientific Issues (Kleemola et al., 2022; Noperi et al., 

2024; Quinn et al., 2020). 

 

Discussion 

 These findings align with Ekawati's research which emphasizes the importance of 

providing systematically designed assessment instruments to measure critical thinking 

(Ekawati et al., 2024). Similarly, Sari's findings indicate that most teachers face 

difficulties in developing valid and reliable instruments that effectively measure critical 

thinking (Sari et al., 2024). On the other hand, this study also expands on the findings 

Rahayu's which focused on the use of SSI-based instruments in chemistry learning 

(Rahayu & Rosawati, 2023). This study contributes further in the context of physics 

learning and offers a new perspective by developing a specialized diagnostic instrument 

that uses current Socio-Scientific Issues as a context to trigger critical thinking. These 

results are also in line with international studies by Sadler which emphasize that SSI is 

an effective learning context for fostering science literacy and critical thinking in the 

21st century (Sadler, 2004). 

 Theoretically, this instrument is based on critical thinking skills indicators, 

namely interpretation, analysis, evaluation, inference, explanation, and self-regulation 

 Fithriyah & Sa’dijah    16). These indicators are applied concretely in the context of 

SSI-based physics learning, such as questions linking deforestation to increased CO₂  

levels, or asking students to design scientific solutions to address the urban heat island 

effect. This approach demonstrates a strong connection between theory and practice. 

In other words, this instrument not only aligns with the conceptual framework of 

critical thinking but can also be practically applied by educators in the field (Fita et al., 

2021; Fitriyani et al., 2025). In the classroom, teachers can utilize this instrument as an 

evaluative tool capable of mapping students' critical thinking achievements based on 

current social issues, while also sparking in-depth discussions and reflections among 

students (Mardianto, 2019; Viehmann et al., 2024). These results are further supported 

by research Fitriani and Rahayu which found that context-based approaches like SSI 

can enhance scientific argumentation skills and higher-order thinking (Fitriani & 

Festiyed, 2023; Rahayu & Rosawati, 2023). 
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 In terms of scientific contribution, this study has clear novelty. To the best of the 

authors' knowledge, there has been no research in Indonesia that specifically develops 

and validates diagnostic instruments for assessing students' critical thinking skills in 

physics education based on Socio-Scientific Issues. Therefore, this study fills a gap in 

the literature by developing and testing an essay-based instrument using Facione's 

indicators and Bloom's Taxonomy at the higher levels (C4–C6) through Rasch model 

analysis. This approach to instrument development, which combines higher-order 

cognitive dimensions and critical thinking indicators, is rarely applied simultaneously 

in physics learning assessments  Fithriyah & Sa’dijah    16  Oktoviani et al.    19). 

This positions the instrument not only as a measurement tool but also as an 

educational vehicle for character development and the cultivation of scientific literacy 

among students (Dewi et al., 2023; Febriani et al., 2023; Jusup et al., 2022). 

Additionally, the design of context-based essay questions in SSI provides a higher level 

of analytical depth compared to conventional multiple-choice tests, which often only 

measure knowledge aspects without comprehensively assessing critical thinking 

processes (Fita et al., 2021; Putra et al., 2023). 

 However, this study has a number of limitations that need to be considered. First, 

the physics topics used are still limited to the theme of global warming, so that 

generalization of this instrument to other topics in the physics curriculum cannot be 

done automatically without adaptation. Second, the instrument trial only involved two 

high schools in the Lampung region, so that expansion of the sample in different 

geographical and social contexts is needed to test the consistency of the results. Third, 

since this study was conducted only once (cross-sectional), it is not yet possible to 

determine whether the use of this instrument truly has a long-term impact on 

improving students' critical thinking skills. Fourth, since the questions are in essay 

form, there is a possibility that students may answer based on what they believe to be 

correct, rather than their actual understanding. This could affect the accuracy of the 

data obtained. 

 The results of this research have important implications, both theoretically, 

practically, and methodologically. Theoretically, this study confirms that the 

integration of the SSI approach with essay-based assessment can bridge the gap 

between cognitive assessment and the strengthening of scientific character. Practically, 

physics teachers in high schools can use this instrument as a tool for evaluation and the 

development of reflective learning that encourages students to think deeply about 

scientific issues and their impact on real life. 

 

CONCLUSION 

 This study successfully developed and tested the feasibility of a diagnostic 

instrument to measure students' critical thinking skills in physics learning based on 

Socio-Scientific Issues (SSI). Through the ADDIE stages, the developed instrument 

showed very high validity and was declared “highly feasible.” The feasibility test using 

the Rasch model confirmed the construct validity of the instrument through indicators 

of unidimensionality, item fit, the feasibility of the rating scale, and high reliability (α = 
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0.81). Based on these results, this instrument is feasible for use as a diagnostic tool for 

measuring students' critical thinking skills in the context of physics learning based on 

SSI. 
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