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The development of students’ critical thinking skills in physics
learning has not been optimally supported by the assessment
practices currently used. In the context of 21st-century education,
critical thinking is recognized as a fundamental competency for
achieving Sustainable Development Goals (SDGs), particularly Goal
4 on quality education. This study seeks to examine the need for
developing assessment tools that integrate critical thinking skills
with Education for Sustainable Development (ESD) in physics
learning”. This study uses a descriptive approach in Research &
Development (R&D) involving 25 grade XI Phase F students. Data
collection techniques include critical thinking tests based on
Facione indicators, student response questionnaires, and teacher
interviews."The findings reveal that students’ critical thinking skills
are generally categorized at a moderate to low level, with the
weakest performance observed in the inference indicator. This
suggests that students still encounter difficulties in connecting
physics concepts with real-world phenomena. However, students
demonstrate a relatively good level of sustainability awareness.
Therefore, it is necessary to develop electronic assessments
integrated with ESD to enhance students’ critical thinking skills and
improve the overall quality of physics learning .
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INTRODUCTION

Along with the development of science and technology in the 21st century demands
that the education system produce students who not only have theoretical knowledge, but
also practical skills and strong character (Agusti et al., 2019). A number of global educational
institutions such as the Partnership for 21st Century Learning (P21) and the Indonesian
ministry of education, culture, research, and technology have formulated four main
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competencies that students must master in this era, namely critical thinking, creativity,
communication, and collaboration, or known as the 4Cs (Pusmenjar, 2020). Among the four
competencies, critical thinking skills have the most fundamental role because they are the
foundation for students in critically examining information, evaluate existing arguments,
solve problems, and make decisions based on logical evidence (Zubaidah, 2016). Thus, for
the success of education in preparing a generation that is intelligent, adaptive, and highly
competitive in the global era, mastery of critical thinking skills is required.

Critical thinking is a high-level cognitive skill that is essential for dealing with the
complexities of 21st-century problems. Critical thinking is widely regarded as a key skill for
achieving success in both academic and professional contexts (Hirahmah & Yani, 2024).
Critical thinking is an essential skill for every individual, especially as it relates to problem-
solving (Fadilah et al., 2020). Ennis (2011) critical thinking is defined as a reflective thought
process focused on making decisions about what to believe or do. Critical thinking skills are
the ability to think logically, reflectively, and productively so as to assess situations and
make informed decisions (Facione, 2020).

This process requires the ability to assess evidence, evaluate arguments, and consider
multiple perspectives before reaching a decision. One use of critical thinking skills is to
solve a problem (Hartati, 2022; Adilla & Jatmiko, 2021). Each individual has different
critical thinking tendencies depending on their experience, cognitive abilities, and learning
environment (Asniar et al., 2022). So critical thinking skills can be interpreted as logical
thinking skills by collecting, analyzing and evaluating information systematically so that a
deep understanding, correct decisions and ideas for solving problems effectively are
obtained (Ramadhani & Wasis, 2024).

Critical thinking skills play a crucial role in physics education, as they allow students
to analyze, evaluate, and solve problems through a comprehensive understanding of
fundamental concepts (Velempini, 2025). Students' critical thinking skills can be trained and
developed effectively through the implementation of well-designed assessments throughout
the learning process. Assessments serve not only to measure learning outcomes but also as a
means to stimulate students' higher-order thinking processes (Anggraena, 2025).
Assessment in learning is a systematic and continuous process to collect information about
students' learning development, so that educators can make appropriate decisions based on
certain criteria and considerations (Rosnaeni, 2021; Yolanita, 2024). Good assessment
implementation allows teachers to identify the extent to which students understand
concepts, reason information, and apply knowledge to solve problems (Arta, 2024;
Munaroh, 2024). Therefore, assessments need to be designed not only to assess final results
but also to measure students' thinking processes.

One of the goals of learning Physics is to develop the ability to think objectively,
systematically, and creatively in understanding and applying scientific concepts to face
challenges while fostering innovation in learning and its application in real life
(Amalissholeh et al., 2023; Lestari et al., 2025). Physics not only serves to transfer
knowledge, but also plays a role as a means of developing critical thinking, analytical and
problem-solving skills that are applicable in everyday lifee (Ardianti et al., 2025). Critical
thinking is widely regarded as a key competence in achieving sustainability, especially in
physics education (Rieckmann, 2018). According to Orhan (2022), critical thinking helps
students develop a deeper understanding of environmental conditions. Furthermore, this
skill enables students to critically analyze and address environmental issues, as well as
understand the role of political, social, and economic systems in supporting sustainable
development (Tilbury & Wortman, 2004). Therefore, physics learning needs to be connected
to real-life contexts that are oriented toward sustainability, as emphasized in the education
for sustainable development (ESD) concept.
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Education for sustainable development (ESD) is a lifelong educational approach that
aims to empower students to think critically, creatively, and scientifically, as well as to
develop problem-solving skills in social and environmental contexts. ESD emphasizes the
importance of personal and collective responsibility for community well-being and
environmental sustainability (UNESCO, 2017; Kioupi, 2019). UNESCO (2017), emphasizes
that ESD aims to integrate sustainability values into the learning process so that students
not only understand scientific concepts but also have a critical awareness of the social,
economic, and environmental impacts of the application of science. In addition, ESD has an
inherent interdisciplinary nature.

Although it is often linked to natural sciences and environmental topics, in practice it
is implemented across various subjects within school curricula in different countries
(Hallingfors & Elmersjo, 2025). Therefore, critical pedagogy encompasses a social dimension
within the framework of critical thinking, emphasizing the importance of applying reflective
and critical reasoning to promote social transformation in the context of ESD (Reffhaug &
Lysgaard, 2024). A learning approach that engages students in interdisciplinary real-world
issues not only emphasizes the development of critical thinking skills, but also encourages
action, reflective thinking, and ethical decision-making (Felix et al., 2025). Therefore, ESD-
based learning fosters conceptual understanding, reflective awareness, and responsibility
for the impacts of science.

On the other hand, the development of digital technology has impacted information
transparency and ease of access, intensified competition in all sectors of life, and threatened
human resources lacking competencies and skills (Sukaesih et al., 2023). Technological
developments have positive and negative impacts and present challenges, especially in the
field of education (Sinaga, 2023). One example is the use of digital platforms such as Google
Sites and Formative, which offers opportunities for developing more interactive and
adaptive assessments (Fatmawati, 2021). The use of digital technology in assessments
allows for more efficient evaluation processes and supports the presentation of more varied
and engaging stimuli (Ashari et al., 2023). Digital-based platforms are also capable of
presenting more representative visualizations, thus helping students understand abstract
physics concepts.

Fluid dynamics is a relatively complex physics topic, involving concepts such as the
continuity equation and Bernoulli's principle, which are not always readily understood. The
abstract nature of the concepts means that students cannot simply rely on memorizing
formulas. They are required to interpret how fluid flow works, especially when related to
real-life situations frequently encountered in everyday life. In such circumstances, the
learning process needs to be supported by assessments that not only test final results but also
encourage thought processes.

Contextual presentation of problems, accompanied by relevant visualizations, is crucial
for students to develop deeper understanding and practice their critical thinking skills.
Previous studies have developed various technology-based learning media and instruments
to improve critical thinking skills, such as ESD and digital electronic assessments (Kurniati &
Ratnaningrum, 2025; Nur et al.,2025). However, most research still focuses on developing
learning media rather than designing assessments that specifically measure critical thinking
skills systematically. Furthermore, the integration of electronic assessments using Google
Sites and Formative with ESD principles in the context of physics learning is still limited.

To address this issue, a new approach is needed through the development of an
electronic assessment of critical thinking skills integrated with ESD using Google Sites and
Formative on fluid dynamics material. The novelty of this research lies in the integration of
critical thinking skill indicators, sustainability contexts, and the utilization of Google Sites
and Formative as interactive digital media that support students’ critical thinking processes
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through collaborative activities and contextual stimuli. Thus, the developed assessment
functions not only as an evaluation tool but also as a medium to stimulate students’ critical
thinking skills more effectively and interactively. Based on this description, the purpose of
this study is to develop an electronic assessment that aligns with the characteristics of critical
thinking skill indicators and fulfills the criteria of validity and practicality. This research is
expected to contribute to the development of innovative, interactive, and sustainability-
oriented physics learning assessments.

METHODS

This study used a descriptive approach within a Research and Development (R&D).
The research design used in this development is the 4D model (Define, Design, Develop,
Disseminate) proposed by (Thiagarajan et al., 1974). The study was conducted on December
11, 2025, and the study population consisted of 25 grade XI Phase F students in the
2025/2026 academic year. This study was conducted at Semen Padang High School, with a
population consisting of physics teachers and 25 students as research subjects. A needs
analysis was conducted to determine the needs for physics learning at Semen Padang High
School. Furthermore, the scope of this study was to analyze the critical thinking skills of
grade XI Phase F students and develop an electronic assessment on static electricity.

This study included test questions to determine students' understanding of electronic
assessments and ESD a test that included critical thinking indicators to determine students'
levels of critical thinking skills, and interviews with physics teachers to determine the
assessments used in the learning process. Furthermore, this study aimed to examine
whether current physics learning practices align with students' needs and expectations. By
using data from a student needs questionnaire and a critical thinking skills test, this study is
expected to provide insight into the steps needed to improve the quality of physics learning,
particularly in facilitating students to develop better critical thinking skills.

The data collection instruments employed in this study included two main components:
a student learning style questionnaire and a critical thinking skills test. The student learning
style questionnaire was designed to gather information regarding student needs related to
physics learning, thus providing input for developing the most appropriate learning
strategies according to their needs. The three learning styles are visual, auditory, and
kinesthetic. Meanwhile, the critical thinking test was constructed based on Facione’s, (2020)
framework, which encompasses six indicators: interpretation, analysis, evaluation,
inference, explanation, and self-regulation. The data in this study were processed using
descriptive statistical techniques, which aim to process, summarize, and present data in a
structured manner for easier understanding. The analysis of students’ critical thinking skills
was conducted by calculating the scores obtained according to Riduwan, (2019). The results
were interpreted based on the critical thinking skill level classification shown in Table 1.

Table 1. Categories of Students' Critical Thinking Skills

Index (%) Category
81-100 Very high
61-80 Tall
41-60 Enough
21-40 Low
0-20 Very low

Source: (Riduwan, 2019)

Based on the Likert scale in Table 1, an index of 81-100 is considered very high, 61-80 is
considered tall, 41-60 is considered sufficient, 21-40 is considered low, and an index of 0-20
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is considered very low. The percentage of the obtained data can then be calculated using
equation 1.
p= % x 100% (1)

Description:

p = percentage of students' critical thinking skills

a = Number of correct answers on critical thinking skills test questions
b = Number of correct answers on critical thinking skills test questions

RESULTS AND DISCUSSION
Results

The first findings of this study were obtained from a critical thinking skills test
administered at Semen Padang High School on December 11, 2025, with 25 11th-grade
students participating. The test consisted of six essay questions, each containing six
indicators of creative thinking. The analysis of the results is shown in Figure 1.

100% -
90% -
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70% -
60% -
50% -
40%

30% -
20% -
10% -
0% -
N &

Percentage (%)

Indicator

Figure 1. Results of the Initial Test of Students' Critical Thinking Skills

Based on the data in Figure 1, it shows that students' critical thinking skills are still in
the low category with an average of 39%, with the inference indicator receiving the lowest
score. This conclusion is drawn from the analysis of students’ responses to the critical
thinking test items. The findings suggest that students still face difficulties in formulating
logical conclusions. Similar results have been reported in previous studies (Dar et al., 2025;
Fadila et al., 2025) which reveal that most students demonstrate moderate to low levels of
critical thinking. This indicates that most students still focus on solving problems
procedurally without understanding the conceptual meaning behind them. The low level of
students’ critical thinking skills is closely related to the nature of the assessment practices
implemented in schools. In a similar vein, assessment practices in higher education,
particularly in physics laboratory courses, continue to face a range of complex
challenges (Emiliannur et al., 2026)

The second research outcome presents an analysis of electronic assessment covering
three main aspects, namely assessment, ESD, and technology. This analysis compares the
ideal characteristics of electronic assessment with its actual implementation in schools. The
purpose of this comparison is to identify gaps between the expected and current conditions
of electronic assessment practices. The results of the analysis are presented in Figure 2.
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Figure 2. Analysis of Problems in Electronic Assessment

Based on Figure 2, the analysis shows that the characteristics of electronic assessment
in schools are categorized as low, with an average percentage of 39,33%. Among the
indicators Val (Validity), Fea (Feasibility), EE (Educational Effectiveness), CE (Catalytic
Effect), Acc (Acceptability), and TI (Technology Integration). Overall, these results indicate
that the problems encountered in electronic assessment are still at a low level and do not
constitute a major obstacle to its implementation. Assessment is not only used to measure
academic achievement but also to provide meaningful feedback that helps students develop
their potential to the fullest (Munaroh, 2024). These results indicate that the characteristics of
electronic assessment implemented in schools have not yet fully met the expected standards.
Therefore, the development of electronic assessment systems that can better accommodate
these various characteristics is necessary.

Based on these findings, it is important to examine how broader contexts may
influence the quality of assessment implemented in schools. One aspect that needs attention
is the integration of ESD into the assessment process, which not only emphasizes academic
achievement but also fosters students” awareness, attitudes, and sustainability-related skills.
Assessment that integrates ESD and involves sustainability-related contextual issues not only
focuses on measuring critical thinking, but also encourages reflection, action, and ethical
decision-making (Felix et al., 2025). This is supported by research conducted by Aprilia et al.,
(2026), which reveals that the integration of ESD is not yet evenly distributed across all
chapters and learning components. Therefore, an analysis table of ESD integration in
assessment is presented in Figure 3.
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Figure 3. Results of ESD Integration in Assessment
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Based on Figure 3, the analysis results indicate that the integration of ESD in
assessment is categorized as low, with an average percentage of 37.67%. The low level of
ESD integration suggests that students have not been provided with sufficient opportunities
to develop their understanding, awareness, and actions related to sustainability issues
through assessment activities. In fact, ESD-integrated assessment can help students connect
the concepts they learn with sustainability-related issues and challenges (UNESCO, 2020;
Tilbury, 2011). Furthermore, sustainable education aims to develop students’ critical
thinking, problem-solving, and decision-making skills while considering environmental,
social, economic, and cultural impacts (UNESCO, 2017). Therefore, the development of
assessments integrated with ESD is needed to support sustainable learning.

To support the development of electronic assessments integrated with ESD students’
technological readiness must be taken into consideration. Technological capability is an
important factor in supporting the effective use of technology in assessment practices.
Therefore, an analysis was conducted to determine students’ readiness to utilize technology
in supporting both learning and assessment processes. The development of electronic
assessment through various applications or web-based platform represents an educational
innovation that serves as a solution for preparing learners to adapt to the demands of a
rapidly changing era (Meccawy et al., 2021). Therefore, this condition supports the
development of an electronic assessment assisted by Google Sites and Formative in physics
learning. This, finding is further reinforced by the results of the students’ learning style

questionnaire analysis presented in Figure 4.
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Figure 4. Graph of Student Learning Style Tendencies

Based on Figure 4, it was found that students' learning styles tended toward auditory
and visual. This indicates that students more easily understood learning material through
listening to explanations, discussions, viewing images, graphs, illustrations, or educational
videos. These findings indicate that students show a positive attitude toward the integration
of technology in the learning process. In line with this, teachers also reported that the use of
technology greatly facilitates the assessment process. Previously, assessments were mostly
conducted using conventional methods, particularly through paper-based tests. Currently,
due to sophisticated technology, assessments can be conducted with the help of devices and
implemented online, such as using applications and special software for assessment tests.
This assessment is considered more relevant because it greatly assists teachers and
institutions in implementing assessments effectively (Ashari et al., 2023). Therefore, these
findings indicate that the development of electronic assessment assisted by Google Sites and
Formative is highly relevant to support physics learning and assessment practices.
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Discussion

Based on the research findings obtained, this study focuses on four main findings,
namely low students’ critical thinking skills, assessment practices that have not fully aligned
with the ideal characteristics of electronic assessment, the lack of integration of ESD in
assessment, and the results of the analysis of students’ learning styles. These findings are
also supported by students’ characteristics, which indicate potential to support the
development of digital-based assessment through their dominant learning style
tendencies.The first finding shows that students’ critical thinking skills are still in the low
category, with an average score of 39, as reflected in the indicators of critical thinking skills
proposed by Facione (2020), which include interpretation, analysis, evaluation, inference,
explanation, and self-regulation. This condition is consistent with previous studies by Dar et
al., (2025); Fadila et al., 2025), which show that students’ critical thinking abilities remain low
due to learning processes that still emphasize procedural understanding rather than
conceptual understanding. This finding is further supported by Emiliannur et al., (2026),
who state that assessment practices in education have not yet fully been able to measure
higher-order thinking skills. Therefore, innovation in assessment design is needed so that
students’” critical thinking skills can be measured and developed optimally in line with the
demands of 21st-century learning.

The second finding indicates that the characteristics of electronic assessment in schools
have not yet fully aligned with the ideal characteristics of electronic assessment. The
function of assessment, which should promote interactivity, meaningful feedback, and the
development of higher-order thinking skills, has not been optimally implemented. Ideally,
assessment is viewed as an integral part of the learning process that contributes to
improving students” understanding (Munaroh, 2024). Theoretically, assessment is not only
used to measure learning outcomes but also serves as part of the learning process that
provides meaningful feedback and enhances student engagement (Black & Wiliam, 1998;
Hattie & Timperley, 2007). To achieve ideal learning quality, assessment processes need to
be properly designed and implemented in accordance with learning objectives so that each
topic can be optimally measured through appropriate assessment approaches (Nasucha,
2022). Therefore, development and innovation in electronic assessment are needed to align it
with ideal characteristics and to support the learning process more effectively.

The third finding indicates that the integration of Education for ESD in assessment is
still in the low category. This suggests that assessment activities have not yet fully
connected learning content with real-life sustainability issues. Ideally, ESD emphasizes the
development of critical, creative, and scientific thinking skills as well as problem-solving
abilities in social and environmental contexts (Kioupi, 2019). In addition, ESD promotes
interdisciplinary learning that integrates sustainability values and raises awareness of the
impacts of science in various aspects of life (UNESCO, 2017). Therefore, strengthening the
integration of ESD in assessment is necessary to support the development of reflective
thinking, ethical decision-making, and sustainable learning.

The fourth finding indicates that students’ technological capability is in the very high
category. This suggests that students are well-prepared to utilize technology to support
learning processes, including assessment activities. The development of electronic
assessment represents an educational innovation that is relevant to the demands of the
digital era (Meccawy et al., 2021; Ashari et al., 2021). In addition, the use of technology can
support the presentation of more varied information and stimuli, thereby enhancing
students” understanding of concepts more effectively (Ashari et al, 2023). Thus,
technological development provides opportunities to create a more effective and efficient
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assessment process in learning.

Student characteristics play an important role in supporting the development of
digital-based assessment. Learning preferences such as auditory, visual, and kinesthetic
styles indicate how students respond to different forms of learning and assessment. High
tendencies in auditory and visual styles suggest that students are more responsive to verbal
instructions, discussions, and visual representations such as graphs, images, and videos.
Considering these characteristics can help improve the effectiveness of learning and
assessment through the appropriate use of media (Nurmaya et al., 2023; Aziz et al., 2019).
Therefore, understanding student characteristics provides a strong basis for developing
more interactive and suitable digital-based assessment.

This situation presents a significant opportunity to develop digital-based e-
assessment, such as electronic assessment integrated with Google Sites and Formative.
Google Sites is used to present assessment instructions, assessment indicators, and activity
links that are connected to Formative as a student response medium. Formative functions as
an interactive space for students to express answers, provide reasoning, and complete
problem-solving-based assessment tasks both individually and collaboratively (Aulia &
Riefani 2021). According to Al-Fitrie et al., (2023), Formative can be used as a learning
medium that facilitates direct and interactive collaboration among students during the
learning process. The integration of these two platforms enables the assessment process to
become more interactive, flexible, and capable of capturing students” critical thinking skills
more authentically without relying on the presentation of learning materials (Pratiwi, 2024;
Fatmawati et al., 2024). Therefore, the results of this study indicate a gap between classroom
assessment practices and the demands of 21st-century learning, highlighting the need to
develop interactive e-assessment based on Google Sites and Formative to optimize students’
critical thinking skills.

CONCLUSION

Based on the analysis conducted, students’ critical thinking skills are still at a low level,
particularly in the aspects of analysis, evaluation, inference, and explanation. The assessment
practices currently implemented in schools have not fully reflected the characteristics of
effective assessment that support higher-order thinking skills. In addition, ESD principles
have not yet been integrated into the assessment process. As a result, students have limited
opportunities to relate physics concepts to real-world sustainability issues. The findings also
indicate that electronic assessment has not been optimally implemented in schools. This
condition is not in line with the demands of 21st-century learning, which emphasizes the
integration of technology in educational practices. Furthermore, students tend to have visual
and auditory learning preferences that require interactive and technology-based assessment
tools. Therefore, the development of an ESD-oriented electronic assessment integrated with
critical thinking skill indicators on fluid dynamics material is needed to support students'
competencies in the 21st century.
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