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Purpose of the study: This study aims to analyze the development of Science
Process Skills (SPS) in high school physics learning through a systematic review
of international research published between 2017 and 2025.

Methodology: This study employed a Systematic Literature Review (SLR)
design guided by the PRISMA. Data were collected through a structured
literature search of two international academic databases, Taylor & Francis
Online and SpringerLink. Using purposive sampling based on predefined
inclusion and exclusion criteria, a total of 30 peer-reviewed journal articles were
selected for analysis from an initial pool of 300 identified records. Data were
analyzed using qualitative thematic analysis to identify research trends, dominant
SPS indicators, and instructional approaches applied in high school physics
education.

Main Findings: The synthesis reveals that inquiry-based learning, project-based
learning, and virtual laboratory approaches are the most consistently reported
strategies for enhancing students’ science process skills. Among the three SPS
indicators, identifying variables and analyzing data are most frequently
emphasized, while drawing conclusions remains less explicitly developed.
Strengthening SPS through these approaches improves students’ scientific
reasoning, experimental accuracy, learmning engagement, and motivation in
physics learning.

Novelty/Originality of this study: This study provides an updated and
systematic synthesis of global research on science process skills development in
physics education up to 2025. By mapping instructional strategies and SPS
indicators across international contexts, this review offers new conceptual
insights into how inquiry-based and technology-supported learning can foster
sustainable scientific thinking and support students’ readiness to meet 21st-
century learning demands.
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1. INTRODUCTION

Physics education at the high school level is widely recognized as a medium for developing students’
scientific thinking through inquiry, experimentation, and evidence-based reasoning. Various countries have
adopted different instructional approaches to foster these competencies. In Finland, physics learning is
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implemented through a phenomenon-based approach that situates scientific concepts within real-world contexts,
encouraging students to critically analyze natural phenomena and construct explanations based on empirical
evidence [1]. In Japan, physics instruction emphasizes structured laboratory activities designed to strengthen
students’ psychomotor skills and analytical thinking through systematic experimentation [2]. Meanwhile, studies
from South Korea indicate that although students are often engaged in data analysis and explanatory tasks,
opportunities for conducting independent investigations remain limited, which constrains the comprehensive
development of science process skills (SPS) [3]. In Indonesia, physics education is expected to play a central role
in developing SPS; however, existing learning practices still tend to prioritize conceptual understanding over the
explicit cultivation of scientific processes such as inquiry, reflection, and scientific communication [4].

Science process skills (SPS) are defined as a set of cognitive and psychomotor abilities that enable
students to generate, test, and validate scientific knowledge through systematic procedures. Prior studies
consistently identify SPS as a key determinant of students’ scientific reasoning and conceptual understanding.
Specifically, identifying variables, analyzing data, and drawing conclusions are recognized as the core indicators
of SPS at the high school level. Zainuddin et al., [5] emphasize that SPS encompass formulating hypotheses,
identifying and operationally defining variables, designing data tables, analyzing experimental results, and
drawing conclusions. Similarly, cross-level studies report that experimental activities inherently require students
to identify and control variables as well as interpret data accurately [6]. Research conducted in chemistry
education further supports these findings, indicating that the abilities to analyze data and draw conclusions
represent the highest indicators of students’ SPS mastery [7]. Collectively, these studies demonstrate that SPS
are essential for fostering logical, evidence-based thinking; however, they also reveal that these skills are
cognitively demanding and require deliberate instructional support.

Despite the growing body of research on SPS, existing studies predominantly focus on measuring
students’ SPS levels or examining the effectiveness of specific instructional models in isolation. Longitudinal
and comparative perspectives remain limited. Historical analyses suggest that during the 1990s, physics
instruction in many educational contexts, including Indonesia, was largely teacher-centered, positioning students
as passive recipients of information. A gradual paradigm shift occurred in the early 2000s with the introduction
of inquiry-based and discovery learning approaches, which encouraged students to actively construct knowledge
through experimentation [8]. More recent studies from the 2010s onward highlight the increasing adoption of
project-based learning and problem-based learning models, which promote students’ engagement in scientific
processes, particularly in identifying variables, analyzing data, and drawing conclusions [9]. Furthermore, the
integration of digital technologies such as virtual laboratories and data analysis tools has been reported to
enhance students’ SPS across various educational contexts [10].

However, a critical examination of the literature reveals several unresolved issues. First, while
numerous studies report positive effects of inquiry-based, project-based, and technology-enhanced learning on
SPS, the findings are fragmented and context-specific, making it difficult to draw general conclusions about
long-term trends in SPS development. Second, most studies emphasize outcomes rather than instructional
trajectories, providing limited insight into how teachers’ strategies for developing SPS have evolved over time in
physics education. Third, although identifying variables, analyzing data, and drawing conclusions are frequently
cited as key SPS indicators, evidence indicates that these skills often remain underdeveloped among students.
For example, studies show that students commonly struggle with identifying and controlling variables and
interpreting experimental data [11], while integrated SPS such as constructing tables and graphs, describing
relationships among variables, and synthesizing conclusions are considered complex and challenging to master
[12].

These gaps highlight the need for a systematic and critical synthesis of existing research to clarify how
instructional strategies have been used to foster SPS in high school physics learning. Therefore, this study aims
to systematically review the development of science process skills in high school physics education through a
Systematic Literature Review (SLR) using the PRISMA method. Specifically, this review seeks to address the
following research questions: (1) How have instructional strategies in high school physics evolved in supporting
students’ science process skills? (2) Which instructional approaches are most consistently reported to enhance
students’ abilities in identifying variables, analyzing data, and drawing conclusions?

The significance of this study lies in its contribution to organizing and critically evaluating dispersed
findings across different countries and instructional approaches. By synthesizing evidence on the evolution of
teachers’ strategies and mapping dominant trends and persistent challenges in SPS development, this research
provides both theoretical and practical contributions to physics education. The findings are expected to inform
educators, curriculum developers, and policymakers in designing more effective learning environments that
explicitly support the development of science process skills, particularly within the context of Indonesian high
school physics education.
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2. RESEARCH METHOD

This study employed a Systematic Literature Review (SLR) design guided by the PRISMA 2020
statement [13]. The SLR approach was selected to systematically identify, evaluate, and synthesize empirical
evidence related to the development of Science Process Skills in high school physics learning [14]. Unlike
survey-based studies, this research did not involve primary data collection through questionnaires or direct
respondents. Instead, the unit of analysis consisted of peer-reviewed research articles, making SLR an
appropriate and rigorous methodological choice. The review focused on three core SPS indicators: identifying
variables, analyzing data, and drawing conclusions, which are widely recognized as essential components of
students’ scientific reasoning in physics education [15]. Through a PRISMA-based process, this study aimed to
map research trends, instructional strategies, and empirical findings related to these indicators in a transparent
and replicable manner.

Data were obtained from two reputable international academic databases: Taylor & Francis Online and
SpringerLink, selected due to their credibility and strong focus on science and physics education research. The
sampling technique used was purposive sampling, based on predefined inclusion and exclusion criteria aligned
with the research objectives. The inclusion criteria were:

1. Articles published between 2017 and 2025,

2. Studies focusing on high school physics learning,

3. Research explicitly addressing Science Process Skills or their indicators,
4. Peer-reviewed journal articles written in English.

Exclusion criteria included non-empirical opinion papers, studies conducted outside the secondary
education level, and articles that did not explicitly discuss SPS indicators. The document selection process
followed PRISMA stages: identification, screening, eligibility, and inclusion. All references were managed using
Mendeley, while screening and categorization were conducted using Microsoft Excel. The article selection flow
is presented in Figure 1.
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Figure 1. Researh Flow

Data analysis was carried out using a qualitative thematic analysis method. Each article that passed the
inclusion stage was analyzed in depth to identify patterns, trends, and directions of research development related
to the three main indicators of Science Process Skills, namely:

1. Identifying variables within the context of physics learning,
2. Analyzing experimental data using a scientific approach, and
3. Drawing conclusions based on empirical findings.

The analysis process was conducted through three main stages:

From Variables to Conclusions: Analysis Three Indicators of Science Process Skills in ... (Sarah Pramitha)
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1) [Initial coding: marking keywords, methods, and results relevant to the three SPS indicators.

2) Categorization: grouping the coded results into broader themes such as teacher strategies, learning
models, and student achievements for each SPS indicator.

3) Data synthesis: compiling the findings into descriptive narratives and thematic tables that illustrate

annual research trends and the development of SPS strengthening strategies from 2017 to 2025.

This analysis was performed triangulatively by comparing findings across articles to ensure data
consistency. The results are expected to provide a comprehensive overview of the development of SPS indicators
in high school physics learning and serve as a foundation for developing more effective and sustainable learning
strategies.

3.  RESULTS AND DISCUSSION

Based on a systematic search conducted in the Taylor & Francis Online and SpringerLink databases, a
total of 300 articles published between 2017 and 2025 were initially identified. After removing duplicates and
screening titles and abstracts, 220 articles were retained for eligibility assessment. Following full-text evaluation
based on predefined inclusion and exclusion criteria, 75 articles met the eligibility requirements. From these, 30
articles were selected as the most relevant and directly aligned with the research focus on Science Process Skills
(SPS) in high school physics learning.

The analysis of the selected articles indicates a consistent increase in research attention toward SPS
development in high school physics education over the reviewed period. Most studies explicitly emphasize three
core SPS indicators: identifying variables, analyzing data, and drawing conclusions. These indicators are
predominantly embedded within inquiry-oriented instructional designs and experimental learning environments.
Various instructional approaches were reported to support SPS development. Inquiry-based learning, project-
based learning, and problem-based learning emerged as the most frequently implemented strategies. In addition,
the growing use of virtual laboratories and technology-enhanced experiments was identified as a major trend,
particularly after 2020. Several studies reported that the integration of combined real and virtual laboratory
activities resulted in more consistent improvements across all three SPS indicators compared to the use of a
single approach. Table 1 presents a detailed summary of the contribution of each reviewed article to the three
main SPS indicators in high school physics learning.

Table 1. Summary of Reviewed Articles on Science Process Skills in Physics Learning
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Based on the analysis of 30 reviewed articles, this study found that the strengthening of Science Process

Skills (SPS) in high school physics learning has shown a consistent positive trend from 2017 to 2025. Most of
the reviewed studies emphasize three core SPS indicators identifying variables, analyzing data, and drawing
conclusions which are predominantly developed through inquiry-based and technology-supported experimental
approaches. Instructional strategies such as virtual laboratories, project-based learning, and problem-based
learning are frequently reported as effective in enhancing students’ analytical abilities and scientific reasoning
[46]-[49]. Notably, the synthesis of findings indicates that the integration of real and virtual laboratory activities
represents the most adaptive and effective strategy in responding to the demands of the digital era. Overall, the
literature demonstrates that instructional practices focusing on scientific processes substantially contribute to
improving the quality of students’ scientific thinking in physics learning.

The findings further reveal a clear shift in recent years toward process-oriented and technology-
enhanced instructional designs. This trend aligns with previous research highlighting the critical role of inquiry-
based and experimental learning environments in fostering students’ scientific reasoning skills. Compared to
earlier studies, more recent research places stronger emphasis on structured inquiry frameworks and digital
experimentation, indicating an evolution in pedagogical approaches aimed at strengthening SPS more
systematically.

A closer examination of the three SPS indicators shows that identifying variables and analyzing data are
the most consistently developed skills across the reviewed studies. These indicators are commonly supported
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through guided inquiry activities, virtual simulations, and data-driven physics experiments [50], [51]. In contrast,
the skill of drawing conclusions is less explicitly addressed and often embedded implicitly within learning
activities rather than supported through deliberate instructional scaffolding. This pattern suggests a persistent gap
in physics instruction, particularly in guiding students to synthesize experimental evidence into well-reasoned
scientific conclusions.

The review also highlights the central role of teachers in facilitating SPS development. Teachers are
increasingly positioned as facilitators who guide inquiry processes, support data interpretation, and encourage
reflective and evidence-based reasoning. Adaptive teaching strategies especially those combining real and virtual
laboratory experiences enable teachers to address diverse learning contexts while maintaining the authenticity of
scientific investigation. These findings reinforce existing literature emphasizing that effective pedagogical
design is essential for strengthening students’ engagement with scientific processes.

Despite providing a comprehensive synthesis of current research, this study has several limitations.
First, the review was restricted to English-language articles indexed in two international databases, which may
have excluded relevant regional or non-English publications. Second, as a Systematic Literature Review, this
study relies on secondary data and does not empirically measure improvements in students’ SPS. Future research
is therefore recommended to conduct experimental and longitudinal studies examining the direct effects of
specific instructional strategies on each SPS indicator, particularly the development of students’ ability to draw
scientific conclusions. Further studies may also explore SPS development across different cultural and
curriculum contexts through comparative or cross-national research designs.

In both the short and long term, strengthening SPS has important implications for physics education. In
the short term, SPS-oriented instruction enhances students’ engagement and motivation in experimental
activities. In the long term, it supports the development of critical, systematic, and evidence-based scientific
thinking required for 21st-century learning. The key contribution of this study lies in its global mapping of
instructional strategies and SPS indicators, offering synthesized empirical insights into how inquiry and
technology integration can effectively strengthen science process skills. Thus, this research not only advances
theoretical understanding but also provides practical guidance for physics teachers and curriculum developers
seeking to improve science process-based learning in high school physics classrooms.

4. CONCLUSION

Based on a systematic review of 30 international research articles published between 2017 and 2025,
this study concludes that the development of Science Process Skills (SPS) in high school physics learning has
increasingly emphasized three core indicators: identifying variables, analyzing data, and drawing conclusions.
The synthesis confirms that inquiry-based learning, project-based learning, and the integration of virtual
laboratory activities are the most consistently reported instructional approaches for strengthening students’
scientific thinking skills. This review further highlights that the effective development of SPS is strongly
influenced by the pedagogical role of teachers as facilitators who guide inquiry processes, support data
interpretation, and encourage evidence-based reasoning. The integration of digital tools serves as a
complementary mechanism that enhances students’ ability to connect theoretical concepts with experimental
practices, rather than as a standalone solution. The main implication of this study is that physics learning should
be intentionally designed to prioritize scientific processes alongside conceptual understanding. For physics
educators and curriculum developers, these findings underscore the importance of integrating inquiry-oriented
and technology-supported instructional strategies in a balanced and reflective manner to foster sustainable
scientific thinking skills among students. This study also provides a qualitative conceptual framework for
understanding how SPS-oriented instruction can be strengthened in high school physics education.
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