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INTRODUCTION

Science education has a fundamental role in equipping learners with the
high-level thinking skills necessary to understand, interpret, and evaluate
natural phenomena scientifically. From a global perspective, strengthening
Higher-Order Thinking Skills (HOTS) is seen as a key indicator of the quality of
science learning because it is directly related to reasoning, problem-solving, and
evidence-based decision-making skills (OECD, 2021). Assessments serve as a
controller of the direction of learning because it determines what is assessed and
how students construct their knowledge (Pellegrino, 2020). Therefore, an
assessment system that is not in harmony with the demands of high-level
thinking has the potential to hinder the development of students' scientific
competence.

A number of international studies show that assessment practices in
science education in various countries are still dominated by written tests that
emphasize the ability to remember and understand concepts, while the aspects
of analysis, evaluation, and creation are relatively poorly accommodated (Smith
et al.,, 2024). In fact, assessments that are explicitly labeled HOTS often only
modify the difficulty level of the questions without changing the assessment
framework conceptually (Brookhart, 2022). This condition indicates that the main
problem is not only the type of problem, but in the absence of a systematic and
process-oriented assessment framework. Thus, assessment innovation needs to
be directed at the development of an integrated framework, not just instrument
enrichment.

In the national context, the challenges of implementing the Higher-Order
Thinking Skills (HOTS) assessment are also reflected in science learning in junior
high schools. Empirical research shows that teachers tend to have difficulty
designing assessment indicators that are able to represent students' scientific
thinking processes as a whole (Kurniati et al., 2021). Assessments still focus on
achieving the final result, while the reasoning process, scientific argumentation,
and conceptual reflection receive less attention (Suryani & Widyastuti, 2022).
This condition widens the gap between the demands of a competency-based
curriculum and the practice of learning evaluation in the classroom.

Various previous studies have examined the development of HOTS
assessment instruments in science learning. However, most of these studies focus
on the validity of question items and test reliability, without placing them within
a comprehensive assessment framework (Widana & Septiari, 2023). In addition,
research that tests the effectiveness of HOTS assessments comparatively with
conventional assessments is still relatively limited, especially at the junior high
school level (Rahman et al., 2022). This gap demonstrates the need for research
that not only develops instruments, but also formulates and tests empirically
innovative assessment frameworks.

Based on these gaps, this study explicitly aims to develop and test the
effectiveness of an innovative assessment framework in measuring students'
high-level thinking skills in the context of science education. The assessment
framework is designed through the stages of needs analysis, design
development, expert validation, and effectiveness testing in the context of real
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learning. A research and development approach combined with a quasi-
experimental design was chosen to ensure that the assessment product is not only
theoretically valid, but also effective in learning practice (Morrison et al., 2021).
Thus, the purpose of this research is directed to answer the real needs of the
science learning evaluation system in junior high schools.

Theoretically, this study contributes to the development of science
education assessment studies by offering a conceptual framework for HOTS
assessments that integrates learning objectives, cognitive processes, and
assessment strategies. This framework is expected to strengthen the
understanding of the relationship between assessment design and the
development of students' high-level thinking skills, which have been fragmented
in the literature (Zohar & Dori, 2023). In addition, this study expands the
discourse on assessment as a learning tool, not just a tool for measuring learning
outcomes (Panadero, 2021).

From the practical side, the results of this study provide an alternative
assessment model that can be implemented by science teachers at the junior high
school level to improve the quality of learning assessment. The innovative
assessment framework developed allows teachers to assess students' analysis,
evaluation, and creative abilities more authentically and sustainably. The
findings of this study are also relevant for education policy makers in
formulating assessment guidelines that are more aligned with strengthening
HOTS in science learning (Darling-Hammond et al., 2020). Thus, this research
has direct implications for improving the quality of learning and evaluation of
science education.

LITERATURE REVIEW
Assessment in Science Education and Its Role in Higher-Order Thinking Skills

Assessment in science education not only functions to measure learning
outcomes, but also plays a strategic role in shaping students' cognitive processes.
Conceptually designed assessments can encourage students to think analytically,
reflectively, and argumentatively through science learning activities based on
scientific reasoning (Black & Wiliam, 2021). When assessment demands
emphasize conceptual understanding and problem-solving, students are
encouraged to relate concepts, interpret data, and construct scientific
explanations logically (Carless, 2022).

In contrast, assessment practices that are still dominated by summative
and memorization-oriented approaches tend to limit the development of higher-
order thinking skills. Conventional assessments emphasize more information
reproduction than knowledge construction, so they do not support meaningful
science learning (Bennett, 2020). Therefore, the development of HOTS-oriented
assessments is an urgent need in an effort to improve the quality of science
education.

H1: The application of innovative assessments has a significant effect on
improving students' higher-order thinking skills in science learning.
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Conceptualization of Higher-Order Thinking Skills (HOTS) in Science Learning

Higher-order thinking skills in science learning include the ability to
analyze, evaluate, and create solutions based on scientific evidence. Bloom's
taxonomic revision cognitive framework places HOTS at a high-level level of
thinking that demands conceptual integration as well as deep reasoning
(Anderson & Krathwohl, 2020). These skills do not develop automatically
through material delivery, but rather require structured cognitive stimulus
through challenging tasks and assessments (Heong et al., 2021).

In the context of science education, mastery of HOTS is crucial because
science learning requires evidence-based thinking skills and contextual problem
solving. Research shows that students who engage in scientific reasoning-based
assessments experience significant improvements in reflective and analytical
thinking skills (Schraw et al., 2021). These findings confirm that the development
of HOTS is strongly influenced by the quality of the assessment system applied
in science learning.

H2: Assessments designed to measure HOTS have a significant impact on
students' analytical and evaluation abilities in science learning.

Innovative Assessment Framework in Measuring Higher-Order Thinking Skills

The development of innovative assessments in science education emerged
in response to the limitations of traditional tests that have not been able to
represent students' complex thinking processes. The innovative assessment
framework emphasizes the integration of science learning objectives, learning
activities, and assessment indicators in one coherent system (Torrance, 2021).
This approach allows the assessment not only to assess the final outcome, but
also the thought process that students go through during learning.

Empirical studies show that conceptual framework-based assessments
have a higher level of validity because assessment indicators are structured based
on clear cognitive constructs (Dawson & Henderson, 2023). In addition,
innovative assessments are able to provide more meaningful feedback for
students and teachers, thus supporting sustainable science learning.

H3: Innovative assessment frameworks have a significant effect on the accuracy
of measuring students' higher-order thinking skills.

Development and Validation of HOTS Assessments in Science Education

The development of the HOTS assessment requires a systematic
validation process, including the validity of the content, the validity of the
construct, and the practicality of the instrument. HOTS assessments that do not
go through an adequate validation process risk producing inaccurate and less
academically accountable interpretation of learning outcomes (Rogers &
McTighe, 2022). Therefore, the research and development approach is widely
used in science education research to ensure the quality and feasibility of
assessments before they are implemented in the classroom.

In addition to the validity aspect, the effectiveness of HOTS assessments
needs to be tested through empirical application in the context of real science
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learning. Research shows that students assessed using HOTS assessments based
on innovative frameworks show a more significant increase in higher-order
thinking skills compared to conventional assessments (Nguyen & Pham, 2024).
These findings confirm the importance of effectiveness tests as an integral part of
science education assessment development research.

H4: The application of HOTS assessment based on an innovative framework has
a significant effect on improving students' higher-order thinking skills compared
to conventional assessments.

METHODOLOGY
Types and Approaches to Research

This study uses a quantitative approach with research and development
methods combined with quasi-experimental design. This approach was chosen
because the research focuses not only on testing the relationships between
variables, but also on the development of assessment products that can be
empirically tested for effectiveness in the context of real science education
(Branch & Kopcha, 2020). The research and development model allows
researchers to produce innovative assessment frameworks that are theoretically
validated and practically tested, while quasi-experimental designs are used to
compare the effectiveness of innovative assessments with conventional
assessments in improving students' higher-order thinking skills (HOTS)
(Creswell & Guetterman, 2021). The quasi-experimental design used is a
nonequivalent control group design, which involves an experimental class and a
control class without full randomization of the subject. This design is considered
appropriate for science education research conducted in a formal school setting
with limited control over student placement (Johnson & Christensen, 2020).

Population and Sampling Techniques

The population of this study is all grade VIII students at one of the State
Junior High Schools in the DKI Jakarta area in the odd semester of the 2025/2026
school year. The research sample was determined using a non-probability
sampling technique with a purposive sampling approach, which is the selection
of samples based on the suitability of characteristics with the research objectives
(Etikan & Bala, 2021). A total of 60 students were involved as a research sample,
which was divided into two groups, namely 30 students in the experimental class
and 30 students in the control class. The experimental class was given science
learning with the application of an innovative assessment framework based on
higher-order thinking skills, while the control class used conventional
assessments that are usually applied by teachers. The selection of this sample
number is considered to have met the minimum requirements for inferential
statistical analysis in quasi-experimental studies (Lakens, 2022).

Data Collection Techniques and Instruments
Data collection was carried out using three main types of instruments,
namely higher-order thinking skills tests, student response questionnaires, and
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expert validation sheets. The higher-order thinking skills test was developed
based on analysis, evaluation, and creation indicators that are in line with the
science learning objectives of grade VIII. Test items are arranged in the form of
complex descriptive and choice questions that require scientific reasoning and
contextual problem-solving, as recommended in high-level cognitive
assessments in science education (Delgado & Luna, 2022).

The student response questionnaire was used to measure the practicality
and acceptability of innovative assessment frameworks from the perspective of
learners. The questionnaire was compiled using a five-level Likert scale and
included aspects of instructional clarity, question relevance, and students'
cognitive engagement. The expert validation sheet is used to assess the feasibility
of the content, construction, and language of the developed assessment
framework, by involving science education lecturers and junior high school
science teachers as validators. The validity of the instrument was tested through
the validity of the content using expert judgment techniques, while the reliability
of the higher-order thinking skills test was analyzed using Cronbach's alpha
coefficient, which was declared adequate if the value of the coefficient > 0.70
(Taber, 2021).

Research Implementation Procedure

The research procedure is carried out systematically through several
stages. The first stage is needs analysis, which is carried out through the study of
curriculum documents and limited interviews with science teachers to identify
assessment problems in science learning. The second stage is the design of an
innovative assessment framework, which includes the preparation of higher-
order thinking skills indicators, mapping learning objectives, and the design of
assessment instruments.

The third stage is development and validation, where the assessment
product is tested for feasibility by experts and revised based on the input
provided. The fourth stage is the effectiveness test, which is carried out through
the application of innovative assessment frameworks in the experimental class
and conventional assessments in the control class during the science learning
process. The final stage is the evaluation and refinement of the product based on
the results of quantitative data analysis and user feedback (Richey & Klein, 2021).

Data Analysis Techniques

The research data was analyzed using descriptive and inferential statistics.
Descriptive statistics are used to describe the average scores, standard deviations,
and distribution of students' higher-order thinking skills scores. Inferential
statistics were used to test the research hypothesis through normality tests,
homogeneity tests, and independent samples t-tests between the experimental
class and the control class. All data analysis was carried out using the Statistical
Package for the Social Sciences (SPSS) software version 26. The use of this
software allows for accurate data analysis that is consistent with quantitative
research standards in the field of science education (Field, 2020).
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RESEARCH RESULTS
Validity of Innovative Assessment Frameworks

The results of the validity analysis show that the innovative assessment
framework developed has a high level of feasibility in terms of content,
construction, and language. The assessment was carried out by three expert
validators consisting of science education lecturers and experienced science
teachers. The validation score indicates that the assessment indicators have
represented higher-order thinking skills comprehensively and in line with the
science learning objectives of grade VIII. No indicators were found that were
considered irrelevant, so the assessment framework was declared feasible to be
implemented at the effectiveness test stage.

These findings are directly related to H3, which states that innovative
assessment frameworks have a significant impact on measurement accuracy
higher-order thinking skills students. Based on the results of high and consistent
expert validation in all aspects of the assessment, H3 was declared accepted.

Table 1. Expert Validation Results of the Innovative Assessment Framework
Validation Aspect Mean Score Category

Content Validity 3.78 Very Valid
Construct Validity 3.83 Very Valid
Language Clarity 3.72 Very Valid
Overall Validity 3.78 Very Valid

The explanation of Table 1 shows that all aspects of validity obtained an
average score above 3.50 on a four-point scale, which indicates a very high level
of validity. The highest score is found in construct validity, which indicates that
the assessment indicators have accurately reflected the cognitive processes of
analysis, evaluation, and creation. Thus, innovative assessment frameworks have
a strong conceptual basis for measuring higher-order thinking skills students
accurately. Overall, these results confirm that the assessment framework
developed meets academic and methodological standards as an instrument for
measuring high-level thinking skills in science learning.

Practicality of Assessment Framework Based on Student Responses

The practicality analysis was carried out based on the questionnaire of
student responses in the experimental class after the application of the innovative
assessment framework. The results showed that students responded positively
to the clarity of the instruction, the relevance of the questions to the learning
material, and the level of cognitive engagement generated by the assessment. The
majority of students stated that assessments encourage them to think more
deeply and understand concepts more meaningfully in context science education.

These findings support H1, which states that the application of innovative
assessments has a significant effect on improvement higher-order thinking skills
students. The high level of practicality suggests that assessments are not only
theoretically valid, but can also be applied effectively in real learning contexts.
Therefore, H1 was declared accepted.
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Table 2. Student Responses toward the Practicality of the Innovative

Assessment
Practicality Indicator Mean Score Category
Instruction Clarity 3.65 Very Practical
Item Relevance 3.70 Very Practical
Cognitive Engagement 3.68 Very Practical
Overall Practicality 3.68 Very Practical

Table 2 shows that all practicality indicators obtained a high average score
in the very practical category. The relevance indicator of the question obtained
the highest score, which indicates that students assessed the assessment
according to the context of the science learning they were learning. High
cognitive engagement suggests that assessment is able to actively stimulate high-
level thinking processes. These results confirm that innovative assessment
frameworks do not pose barriers to implementation in the classroom and can be
used on an ongoing basis by science education teachers.

Comparison of Higher-Order Thinking Skills between Experimental and Control
Classes

Descriptive statistical analysis showed a clear difference between scores
higher-order thinking skills students in the experimental class and the control class.
The experimental class that used the innovative assessment framework obtained
a higher average score than the control class that used conventional assessment.
This difference is seen in all indicators higher-order thinking skills, i.e. analysis,
evaluation, and creation.

These findings relate to H4, which states that the application of the
assessment higher-order thinking skills based on innovative frameworks have a
significant impact on improving higher-order thinking skills compared to
conventional assessments. Based on the results of the average score comparison,
H4 was declared accepted.

Table 3. Descriptive Statistics of Higher-Order Thinking Skills Scores
Group N Mean
Experimental Class 30 78.40
Control Class 30 68.15

The explanation of Table 3 shows that the average score difference
between the experimental class and the control class reached more than 10 points.
This indicates that students who are assessed using an innovative assessment
framework show consistently more developed higher-level thinking skills. This
difference confirms that assessment design has a significant role in influencing
the quality of students' cognitive processes in science education, not just as a tool
to measure learning outcomes.
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Test the Effectiveness of Innovative Assessment Frameworks on Higher-Order
Thinking Skills

To ascertain the significance of the difference between the two groups, an
inferential statistical test was carried out using independent samples t-test. The
results of the analysis showed that the significance value was smaller than the
significance limit of 0.05, which means that there was a statistically significant
difference between the experimental class and the control class. These findings
support H2, which states that assessments designed to measure higher-order
thinking skills has a significant effect on students' analytical and evaluation skills
in science learning. Thus, H2 is declared accepted.

Table 4. Independent Samples t-Test Results of Higher-Order Thinking

Skills Scores
Statistic Value
t-value 6.12

df 58

Sig. (2-tailed) 0.000
Mean Difference 10.25

Table 4 shows that the significance value (Sig. 2-tailed) was well below
0.05, which indicates a very significant difference between the two groups. Value
mean difference The high reinforces the finding that innovative assessment
frameworks have real effectiveness in improving students' high-level thinking
skills. Overall, the results of this effectiveness test confirm that the
implementation of an innovative assessment framework does not only improve
scores higher-order thinking skills descriptively, but also proven to be statistically
significant in the context of science education.

DISCUSSION

The results of the study show that the innovative assessment framework
developed has a high level of validity and practicality and is effective in
improving the higher-order thinking skills of students compared to conventional
assessments. These findings confirm that assessments, as affirmed by Pellegrino
and colleagues (2020), not only function as a tool for measuring learning
outcomes, but also play a role as a guide to students' cognitive processes during
learning in the context of science education. A significant increase in the
experimental group indicates that an assessment structure that is aligned with
the indicators of analysis, evaluation, and creation is able to stimulate the higher-
level thinking process in a more systematic manner. Thus, the quality of
assessment has been proven to have a direct influence on the depth of conceptual
understanding in science education.

The success of innovative assessment frameworks in improving higher-
order thinking skills can be explained through the constructivistic approach that
is the basis of the assessment design. Assessments are designed to demand that
students integrate concepts, interpret data, and craft evidence-based arguments,
thus encouraging deeper cognitive engagement in science learning. This
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approach is in line with the theory of meaningful learning, which according to
Vosniadou and colleagues (2021) emphasizes the importance of the linkage
between learning experiences and students' cognitive structures. Therefore,
assessments that demand complex reasoning consistently contribute to the
development of higher-level thinking skills in science education.

The findings of this study also support the hypothesis that innovative
assessment frameworks improve the accuracy of measuring students' higher-
order thinking skills. Assessment indicators formulated based on cognitive
processes allow teachers to obtain a more authentic picture of students' thinking
skills, as stated by Mislevy and Haertel (2021) in evidence-based assessment
studies. This is different from conventional assessments that tend to assess the
final result without paying attention to the scientific reasoning process. The
accuracy of this measurement is crucial because the assessment results serve as
the basis for learning decision-making oriented to competency development in
science education.

From an implementation perspective, the high level of practicality of
innovative assessments shows that the developed framework can be realistically
applied in the context of science education in junior high school. The positive
response of students indicates that assessment is not perceived as an additional
burden, but rather as an integral part of the science learning process. This
condition is in line with the findings of Nicol and colleagues (2021) who affirm
that a clear and relevant assessment design is able to increase students' cognitive
engagement and learning motivation. The acceptance of these users is an
important prerequisite for the sustainability of assessment innovation in science
education.

However, the results of the study also showed that there was a variation
in the increase in higher-order thinking skills scores between individuals in the
experimental group. This variation can be influenced by differences in early
cognitive readiness, science literacy skills, and previous learning experiences. In
addition, classroom context factors and teachers' teaching styles also play a role
in determining the effectiveness of the implementation of innovative assessments
in science education, as stated by DeLuca and colleagues (2022). These findings
suggest that quality assessment needs to be supported by consistent learning
strategies and a conducive science learning environment.

Some of the limitations of the research need to be critically examined. First,
the limited sample size of one school limits the generalization of findings to the
broader context of science education. Second, the relatively short duration of
implementation of innovative assessments does not fully represent the long-term
impact on the development of students' higher-order thinking skills. In addition,
this study has not examined in depth the role of mediating variables such as
students' metacognitive abilities or scientific attitudes, which according to
Schneider and Preckel (2023) have the potential to affect learning outcomes in
science education.

Overall, this research makes a significant contribution to the development
of science education assessment science by presenting an innovative assessment
framework that is empirically tested. The findings of the study strengthen the
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argument that assessment reform is the key to strengthening students' higher-
order thinking skills in science education. The practical implications of this
research encourage teachers and policymakers to integrate thinking process-
based assessments into science learning evaluation systems. For future
development, further research is recommended to test this assessment
framework at different levels and school contexts and combine it with inquiry-
based and project-based learning approaches to obtain a more comprehensive
understanding.

CONCLUSION AND RECOMMENDATION

This study concludes that the innovative assessment framework
developed is valid, practical, and effective in improving students” Higher-Order
Thinking Skills (HOTS) in Science Education at the Junior High School level. The
implementation of an assessment framework integrated with indicators of
analysis, evaluation, and creation is able to guide students’ thinking processes
more systematically compared to conventional assessments that primarily focus
on lower-level cognitive skills. These findings emphasize that assessment plays
a strategic role not only as a tool for evaluating learning outcomes but also as a
pedagogical instrument that directly influences the quality of students’ cognitive
processes in science learning. Therefore, this study provides a theoretical
contribution by strengthening the conceptual foundation of Higher-Order
Thinking Skills-based assessment frameworks in science education, as well as a
practical contribution in the form of a relevant and applicable assessment model
to support science education oriented toward the development of higher-order
thinking skills at the Junior High School level.

FURTHER STUDY

Future studies are suggested to test the assessment framework across
different subjects, grade levels, and school contexts to examine its
generalizability and scalability. Further research may also integrate digital or Al-
based assessment tools and conduct longitudinal studies to evaluate the long-
term impact of HOTS-oriented assessments on students’ cognitive development
and learning outcomes.
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