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Abstract

This study examines publication trends and thematic developments in research on Higher-Order Thinking
Skills (HOTS) and Science Process Skills (SPS) in elementary science education. A bibliometric approach
was employed to analyze Scopus-indexed publications from 1992 to 2023, using title, abstract, and keyword
searches with queries such as ("Higher Order Thinking Skills" AND "Science Process Skills" AND
"elementary science education"). The data were processed using the Bibliometrix package and BiblioShiny
interface in RStudio to map growth patterns, identify influential sources, leading countries, and emerging
research themes related to the integration of HOTS and SPS. The results show a significant increase in
publications since 2014, with 322 documents identified. The Journal of Physics: Conference Series emerged
as the leading source, while Indonesia and Malaysia were the top contributing countries. Thematic analysis
revealed dominant clusters around inquiry learning, critical thinking, and digital assessment, with a
noticeable shift towards applied instructional and assessment models that combine HOTS and SPS. This
reflects the growing alignment of research with 21st-century education reforms emphasizing inquiry-based
and problem-solving skills. The findings suggest a strong integration of HOTS and SPS in science
education, but also highlight gaps in long-term classroom implementation, particularly in elementary school
contexts. This study underscores the need for curriculum frameworks and teacher professional development
programs focused on effectively integrating HOTS and SPS into elementary science education.
Keywords: science process skills; hots; a bibliometric map; scopus data; rstudio

Introduction

Educators today face increasingly complex challenges, including managing large
classes, integrating curricula effectively, and applying competency-based assessment
methods (Ganguly et al., 2023). These conditions demand innovation in digital learning
development that not only enhances creativity and personal growth but also prepares
students to adapt to rapidly evolving technological changes (Manurung, Purwadi, &
Sugiharto, 2022). Furthermore, the concept of meaningful learning-defined by active
student participation and the development of effective learning agents-requires a balance
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between instructional needs and existing classroom limitations while also addressing
students’ emotional well-being as a key contributor to academic success (Napaporn et al.,
2023).

The integration of information and communication technologies in learning,
particularly within STEM education, has become an urgent priority in the 21st century
(Pathoni, Asyhar, Maison, & Huda, 2022; Gonzélez-pérez & Ramirez-montoya, 2022).
Technology offers significant potential for enhancing interaction, exploration, and
student competency, yet the main challenge lies in utilizing this accessibility to create
effective and engaging learning experiences (Eady, Michelle J. and Lockyer, 2013;
Rapanta, Botturi, Goodyear, Guardia, & Koole, 2020). In this context, science education
is expected to undergo a transformation that emphasizes critical thinking, problem-
solving, and the application of scientific knowledge to real-world situations (Nugroho et
al., 2021). The Merdeka Curriculum seeks to address these needs through discovery-
based and problem-solving learning experiences that strengthen students’ higher order
thinking skills (HOTS) and science process skills (SPS), supported by educational
technology (Jeronen et al., 2016).

Recent studies in Indonesian primary and Islamic elementary education
emphasize the importance of contextual, inquiry-based, and student-centered science
learning as a foundation for developing higher-order cognitive skills and scientific inquiry
(Susilawati et al., 2025). Research published in national journals of Islamic elementary
education has highlighted that science instruction in Madrasah Ibtidaiyah still requires
stronger integration between inquiry activities, critical thinking, and assessment practices
to meet current curriculum demands (Agustina et al., 2020; Murtono, 2009).

Designing instruction that integrates technology, inquiry, collaboration, and
scientific discussion is essential for fostering HOTS-oriented learning in the 21st century
(Reta, 2012). Through such approaches, education is expected to cultivate students who
are not only knowledgeable in science but also adaptive, creative, and able to solve
complex future problems (Windschitl, 2009).

HOTS plays a crucial role in enabling students to achieve higher levels of analysis,
evaluation, and creativity, particularly in environmental and natural science contexts
(Ragab et al., 2024). It has become a fundamental requirement for preparing students to

tackle complex challenges, as highlighted in national and international educational
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frameworks (Ichsan et al., 2019; Musa & Meor Samsudin, 2021). According to the revised
Bloom’s taxonomy, HOTS encompasses analytical, evaluative, and creative thinking, and
requires conceptual, procedural, and metacognitive knowledge dimensions (Retnawati,
Djidu, Kartianom, Apino, et al., 2018). Modules and instructional models that integrate
STEM and project-based learning have been shown to significantly improve these higher-
level competencies (Keleman, 2021).

However, despite its importance, empirical evidence consistently shows that
students’ HOTS performance particularly in elementary schools remains low. Ichsan et
al (2019) demonstrated that HOTS achievement is insufficient across all schooling levels,
with the most substantial gaps emerging in early grades where foundational thinking skills
should be strengthened. Recent findings from HOTS-oriented E-PjBL models (Rati et al.,
2023) demonstrate improvements in 4C abilities and science learning outcomes, yet such
innovations are still rarely implemented in MI/SD settings, where instruction often
prioritizes recall over analytical inquiry. These conditions underscore the urgency of
developing updated and evidence-based approaches to strengthen HOTS and SPS at the
elementary level (Ragab et al., 2024).

Strengthening science process skills is equally essential, as SPS not only enhances
conceptual understanding but also fosters active participation in scientific inquiry
(Kriswantoro et al., 2021; Sholahuddin et al., 2020). Early exposure to SPS-supported
learning, especially when integrated with STEM education, has been shown to elevate
students' scientific reasoning and prepare them for advanced 21st-century competencies
(Darmaji et al., 2020; Agussuryani et al., 2022).

The literature therefore indicates the need for a comprehensive and systematically
designed approach to developing HOTS within SPS, particularly in elementary science
learning. Several supporting factors contribute to the success of HOTS-based
instructional designs, including teachers’ pedagogical readiness, the availability of digital
tools, inquiry-based models, and assessment systems aligned with higher-order
competencies (Siregar, 2025). Integration of these components has been shown to
improve analytical reasoning, scientific investigation skills, and students’ ability to apply
concepts in real contexts (Hidayat et al., 2024). Mapping these developments is essential
to better understand how HOTS and SPS research has evolved and to guide future

learning innovations (Elvira et al., 2025).
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Addressing this need, the novelty of the present study lies in conducting a
comprehensive bibliometric analysis of Scopus-indexed publications from 1992-2023
using Bibliometrix and BiblioShiny in RStudio®. This analysis identifies emerging
trends, thematic clusters, influential authors, and research trajectories related to HOTS
and SPS in elementary science education. The findings are expected to generate valuable
insights for teachers, curriculum designers, and policymakers, supporting the
development of instructional strategies and assessment systems that effectively foster
HOTS and SPS in primary schools.

Although numerous studies have examined Higher Order Thinking Skills (HOTS)
and Science Process Skills (SPS) in various educational settings, the evolution,
distribution, and thematic direction of research in the MI/SD context remain insufficiently
explored in a systematic manner. The research interest of this study lies in mapping how
HOTS and SPS have been discussed, connected, and developed across scientific
publications, particularly in response to increasing demands for inquiry-based and
competency-oriented science learning at the elementary level. This interest is driven by
empirical data showing a rapid increase in HOTS-SPS publications after 2014, alongside
persistent evidence of low HOTS performance among elementary students, which
highlights a critical gap between research growth and classroom implementation. By
employing a bibliometric approach, this study maps research trends, thematic clusters,
and collaboration patterns to reveal how HOTS and SPS are positioned, integrated, or
treated separately within science education literature. The novelty of this study lies in its
ability to synthesize large-scale publication data into an evidence-based overview that
clarifies research directions, identifies underexplored themes, and provides a data-driven
foundation for future instructional design, assessment development, and teacher
professional learning in elementary science education. In this way, existing research is
positioned not merely as archival information but as a structured knowledge base that

informs and supports innovation in HOTS-and SPS-oriented science learning.

Methods

This study employed a systematic literature review (SLR) combined with a
bibliometric approach to map publication trends, intellectual structures, and thematic

developments related to Higher Order Thinking Skills (HOTS) and Science Process Skills
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(SPS) in elementary science education. The primary objective of this method was to
provide an evidence-based overview of how HOTS-SPS research has evolved over time,
including growth patterns, influential authors and sources, collaboration networks, and
dominant research themes. Bibliometric analysis was selected because it allows for a
quantitative, objective, and replicable examination of scientific literature, enabling the
identification of research trajectories and knowledge structures within a specific field
(Donthu et al., 2021).

The Scopus database was used as the primary data source due to its wide coverage
of high-quality, peer-reviewed international publications and its standardized
bibliographic metadata, which are essential for citation analysis and network mapping.
Bibliometric data were retrieved in March 2023 using an expanded Boolean search
strategy to ensure alignment with the elementary education focus of the study. The search
query applied was TITLE-ABS-KEY (“science process skills” AND “higher order
thinking skills” AND (“elementary school” OR “primary school” OR “basic education”
OR “elementary education” OR “primary education”)), with a publication time span from
1992 to 2023. The search was limited to the subject areas of Education, Social Sciences,
and Psychology, and included journal articles, review papers, conference papers, and
book chapters. Inclusion criteria required that publications be Scopus-indexed, written in
English, directly related to HOTS and SPS in elementary or primary education contexts,
and published in peer-reviewed sources. Non-English documents, non-peer-reviewed
publications, duplicated records, and studies outside educational or elementary-level
contexts were excluded. From an initial retrieval of 423 records, 376 documents were
retained after screening.

Data analysis was conducted using the Bibliometrix R-package (version 4.1) and
its web-based interface, BiblioShiny, in RStudio® (Aria & Cuccurullo, 2017). The
analysis integrated three complementary bibliometric perspectives. First, performance
analysis was applied to examine annual publication growth, total publications, citation
counts, h-index values, and country productivity. Second, behavioral indicators were used
to analyze authorship patterns, co-authorship networks, and international collaboration
rates. Third, bibliometric network analysis was conducted through keyword co-
occurrence, co-citation analysis, and bibliographic coupling to explore the conceptual and

intellectual structure of HOTS-SPS research. Both descriptive and inferential bibliometric
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techniques were employed, including frequency distribution analysis, annual trend
analysis, Lotka’s Law for author productivity, Bradford’s Law for journal dispersion, and
thematic evolution mapping (Agbo et al., 2021).

To visualize and interpret the bibliometric structures, maps were generated using
normalization techniques such as Association Strength and Cosine Similarity, followed
by clustering algorithms including Walktrap and Louvain modularity to identify thematic
and collaboration clusters. Thresholds were applied to enhance interpretability and
analytical rigor, including a minimum of five publications per author, three keyword
occurrences, and five documents per country or institution. The overall bibliometric
workflow consisted of three main stages: data collection, data screening, and data analysis
(Figure 1). This workflow from data retrieval and cleaning to statistical computation and
visualization was conducted in accordance with established bibliometric research

standards to ensure transparency, validity, and replicability of the findings.
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Figure 1. Bibliometric analysis workflow
(Source: Adapted from Bibliometrix framework, 2023)

Result

Using the Bibliometrix and BiblioShiny packages on Scopus-indexed publications
from 1992 to 2023, this study identified a total of 376 documents authored by 954

researchers across 94 publication sources. These data represent the final dataset obtained
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after a systematic pre-data search and screening process, including keyword formulation,
subject area filtering, and duplication removal.

The descriptive bibliometric indicators were employed as the first stage of data
analysis to establish a general profile of HOTS—SPS research development. Table 1
summarizes the core characteristics of the dataset, including publication timespan,
document types, authorship patterns, and keyword distribution. An annual growth rate of
6.22% indicates a steady increase in scholarly attention toward the integration of Higher
Order Thinking Skills (HOTS) and Science Process Skills (SPS), particularly in response
to global shifts toward inquiry-based and competency-oriented science education.

From a theoretical perspective, the relatively low average citation rate (3.714
citations per document) suggests that HOTS—SPS research remains an evolving field,
with many studies focusing on applied classroom innovations rather than established
theoretical consolidation. This pattern is consistent with the nature of educational research
that emphasizes contextual implementation and instructional experimentation, especially
at the elementary school level (Brown, 1992).

Table 1. Main information

Description Results
MAIN INFORMATION ABOUT DATA
Timespan 1992:2023
Sources (Journals, Books, etc) 94
Documents 322
Annual Growth Rate % 6,22
Document Average Age 3,33
Average citations per doc 3,714
References 9657
DOCUMENT CONTENTS
Keywords Plus (ID) 942
Author's Keywords (DE) 508
AUTHORS
Authors 954
Authors of single-authored docs 13
AUTHORS COLLABORATION
Single-authored docs 15
Co-Authors per Doc 3,62
International co-authorships % 7,764
DOCUMENT TYPES
Article 122
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Description Results
conference paper 192
conference review 2
Editorial 1
Review 4
short survey 1

(Source: Scopus/Bibliometrix export, 2023)
Source Development Over Time

Figures 2 and 3 illustrate the longitudinal trend of publications and citation
averages from 1992 to 2023. The growth of publications remained low and irregular
before 2014 but began to increase rapidly thereafter, marking a significant rise in global
attention to HOTS—SPS research.

The pattern of average citations per year shows that although publication output
has grown consistently, the field is still expanding and has not yet reached full maturity
in terms of citation depth and global influence.

The surge in publications after 2014 reflects a growing alignment between HOTS-
SPS research and international science education reforms emphasizing inquiry, problem
solving, and authentic assessment. This trend suggests that HOTS and SPS are
increasingly treated as complementary competencies, where higher-order cognitive

processes are developed through structured scientific investigation.
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Figure 2. Accumulation of articles over time

(Source: Scopus/Bibliometrix export, 2023)
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Citations

Figure 3. Averageyaeii’rticle citations per year
(Source: Scopus/Bibliometrix export, 2023)
Source Contribution and Influence
To identify major publication venues, source analysis was conducted to examine
journals and conference proceedings that published the most relevant and influential
works. Publications were distributed across approximately 200 sources, with the top
twenty contributing the highest citation counts and document outputs.
Figures 4-6 display the citation impact, dynamic trends, and h-index of these
leading outlets. The Journal of Physics: Conference Series and AIP Conference
Proceedings were among the most productive sources, indicating their central role in

disseminating studies on HOTS and science process skills. Collectively, the top 20

sources accounted for more than half of the total citations within the dataset.
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Figure 4. Source impact by total citations

(Source: Scopus/Bibliometrix export, 2023)
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Figure 6. Source h-index within the dataset
(Source: Scopus/Bibliometrix export, 2023)
Author Productivity and Impact
The productivity and impact of contributing authors were analyzed to identify
leading scholars who have shaped the development of Higher Order Thinking Skills
(HOTS) and Science Process Skills (SPS) research. A total of 954 authors contributed to
376 documents, indicating broad scholarly engagement in this field, although only a

limited number of authors demonstrated sustained productivity through multiple
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publications. This pattern reflects the interdisciplinary nature of HOTS-SPS research,
which attracts contributions from diverse educational and scientific backgrounds.

Table 2 presents the most productive and influential authors based on publication
count, citation impact, and h-index. Authors with higher citation metrics tend to focus on
theoretical frameworks and empirical models that integrate HOTS cognitive dimensions
such as analysis, evaluation, and creation with core science process skills, including
observation, hypothesis formulation, data interpretation, and scientific reasoning. This
finding aligns with established theories suggesting that the development of higher-order
thinking is closely linked to students’ engagement in authentic scientific inquiry processes
(Antonio & Prudente, 2024).

Furthermore, the temporal distribution of author productivity (Figure 7) indicates
that influential contributions have increased after 2014, corresponding with the global
shift toward inquiry-based, competency-oriented science education. From a theoretical
perspective, this trend supports the view that HOTS functions as the cognitive foundation
of SPS, while SPS operationalizes HOTS through hands-on investigation and problem-
solving activities. Therefore, the authors identified in this analysis can be considered key
contributors to the conceptual integration of HOTS and SPS, providing empirical and
theoretical references that inform instructional design, assessment development, and
teacher professional learning in elementary science education.

Table 2. Top authors

Rangking Authors PY start NP TC h_index
1 Abdullah Ah 2015 2 83 9,222
2 Abdullah Ah 2017 2 47 6,714
3 Abdullah Ah 2019 1 0 0
4 Abdullah Ah 2020 1 2 0,5
5 Abdullah Ah 2021 1 6 2
6 Abdullah Ah 2023 1 0 0
7 Ali Df 2017 1 47 6,714
8 Ali Df 2020 1 2 0,5
9 Ali Df 2021 1 6 2
10 Ali Df 2023 1 0 0
11 Amalia R 2020 3 6 1,5
12 Amalia R 2023 1 0 0
13 Apino E 2017 1 61 8,714
14 Apino E 2018 2 111 18,5
15 Dwandaru Wsb 2019 1 4 0,8
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16 Dwandaru Wsb 2020 2 24 6
17 Dwandaru Wsb 2021 1 7 2,333
18 Fauzan A 2020 2 15 3,75
19 Fauzan A 2021 1 0 0
20 Hamzah Mh 2015 1 15 1,667

(Source: Scopus/Bibliometrix export, 2023)
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Figure 7. Top author productivity and citations per year

(Source: Scopus/Bibliometrix export, 2023)
Most-Cited Documents
Highly cited documents provide insight into the foundational studies and
theoretical frameworks that have shaped HOTS—SPS research. Figure 8 presents the top
globally cited publications, highlighting key works that have significantly influenced the
development of this field. These articles primarily focus on instructional design,
assessment models, and the integration of technology in fostering higher-order thinking

and process skills.
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Figure 8. Top globally cited documents
(Source: Scopus/Bibliometrix export, 2023)
Keyword Frequency and Trending Topics

Keyword co-occurrence analysis reveals the dominant themes and their evolution
over time. Figure 9 shows the most frequently used author keywords, where students and
HOTS appeared as the most common, followed by educational computing and learning
systems.

Figure 10 presents the trending topics across the time span, showing an increasing
focus on HOTS integration with educational technology. The emergence of themes such
as problem-based learning, e-learning, and assessment instruments reflects how the
research emphasis has progressively expanded toward digital pedagogy and innovative
assessment practices.

The dominance of keywords such as students, HOTS, and educational computing
indicates that most studies operationalize higher-order thinking through learner-centered
and technology-supported inquiry activities. This finding confirms that SPS functions as
a procedural pathway through which HOTS is enacted in science learning, particularly

via experimentation, data interpretation, and problem-based tasks.
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learning systems-

research subjects-

elementary schools -

critical thinking -

e-learning-

students-

higher order thinking skills -

Term

physics-

data collection -

high school-

learning mathematies-

physics learning-

assessment [nstruments -

problem solving -

education computing -

¢ & & o O

2018

2020

Year

Figure 10. Trending topics

(Source: Scopus/Bibliometrix export, 2023)

Conceptual Structure Analysis
First, Network Visualization (MCA)

To understand the conceptual relationships among research themes, Multiple

Correspondence Analysis (MCA) was applied to author keywords. Figure 11 shows three

distinct clusters represented by different colors. The node size corresponds to the

frequency of keyword occurrence, while the proximity between nodes reflects conceptual

relatedness. The clusters represent interconnected research domains focusing on HOTS,

teaching and learning, and learning processes.
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(Source: Scopus/Bibliometrix export, 2023)

Second, Thematic Map

Thematic mapping was used to categorize topics based on centrality and density,
identifying motor themes, basic themes, emerging/declining themes, and niche themes.
Figure 12 illustrates the typology of topics within the HOTS—SPS research field, showing
how certain areas have transitioned from foundational conceptual studies to more applied

educational contexts.
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Figure 12. Thematic map
(Source: Scopus/Bibliometrix export, 2023)
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Third, Citation and Collaboration Networks
Co-Author and Citation Network

Co-authorship and citation network analyses were conducted to examine author
interconnections and the influence of collaborative research patterns. Figure 13 visualizes
author clusters generated using the Louvain algorithm. Each color represents a distinct
collaboration group, with node size indicating author productivity and edge thickness

indicating the strength of co-authorship or co-citation links.
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Figure 13. Co-author/citation network
(Source: Scopus/Bibliometrix export, 2023)

Country and Institutional Collaboration

Collaboration analysis was extended to examine geographical and institutional
dynamics in HOTS-SPS research. Figure 14 maps scientific production by country, while
Figure 15 presents institutional collaboration networks for the top 50 institutions. The
results indicate that Southeast Asian countries—particularly Indonesia and Malaysia—
dominate in productivity and cross-institutional collaboration. Several universities, such
as Yogyakarta State University and Universiti Teknologi Malaysia, show strong linkages

within the global research network.
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Figure 14. Country scientific production

(Source: Scopus/Bibliometrix export, 2023)
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Figure 15. Institutional collaboration network
(Source: Scopus/Bibliometrix export, 2023)

Overall, the results demonstrate that the bibliometric findings are not merely
descriptive outcomes but represent the culmination of a structured research process
involving systematic data retrieval, screening, statistical computation, and network
visualization. The depth of analysis across sources, authors, keywords, and collaboration
networks provides a robust empirical foundation for understanding how HOTS and SPS
research has evolved from conceptual discussions into applied, technology-supported

instructional practices in science education.
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Discussion

The bibliometric analysis demonstrates that research on Higher Order Thinking
Skills (HOTS) and Science Process Skills (SPS) has grown steadily from 1992 to 2023,
with a notable surge occurring after 2014. This peak trend coincides with the global
diffusion of 2l1st-century skills frameworks and national curriculum reforms that
emphasize critical thinking, creativity, and inquiry-based learning as essential educational
outcomes (Seman et al., 2017). In the context of elementary education (MI/SD), this
growth reflects increasing recognition that foundational scientific reasoning and problem-
solving skills must be cultivated from early schooling through the integration of HOTS
and SPS.

An examination of publication sources reveals the dominance of conference
proceedings, such as the Journal of Physics: Conference Series and AIP Conference
Proceedings. This pattern suggests that much of the innovation in HOTS-SPS research
emerges from empirical classroom-based studies, instructional model development, and
pilot-scale interventions rather than from long-term longitudinal investigations (Van
Nunen et al., 2018). While conference dissemination enables rapid knowledge sharing
and responsiveness to curricular change, it also indicates that the field is still
consolidating its theoretical foundations and requires more high-impact journal
publications to strengthen research maturity.

Keyword co-occurrence and thematic analyses further reveal that dominant
themes in HOTS-SPS research include students, HOTS, educational computing, learning
systems, problem-based learning, e-learning, and assessment instruments. These themes
indicate a strong conceptual integration between higher-order cognitive processes and
science process skills, particularly within technology-supported learning environments.
This finding supports prior studies emphasizing that digital tools and inquiry-oriented
activities can simultaneously enhance students’ analytical reasoning and procedural
scientific skills (Harta et al., 2020). The thematic evolution from conceptual discussions
toward applied instructional and assessment models highlights a shift toward
operationalizing HOTS through SPS-based learning experiences (Widia et al., 2025).

Geographically, the analysis identifies Indonesia and Malaysia as the most

productive contributors to HOTS-SPS research (Aparicio et al., 2019). This trend aligns
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with national education policies, such as the Merdeka Curriculum and STEM-oriented
reforms, which explicitly promote inquiry, experimentation, and performance-based
assessment in science education (Retnawati, Djidu, Kartianom, & Anazifa, 2018).
Importantly, the bibliometric evidence shows that a substantial proportion of studies from
these countries directly examine how HOTS is enacted through SPS, including hypothesis
formulation, data interpretation, and variable manipulation. Strong international
collaboration, particularly between institutions such as Yogyakarta State University and
Universiti Teknologi Malaysia, further indicates that HOTS-SPS research is developing
within a collaborative regional knowledge ecosystem. Such collaboration accelerates the
diffusion of instructional innovations and strengthens methodological rigor through
shared expertise (Apino & Retnawati, 2017; Nugroho, Wilujeng, & Pujaningsih, 2024).

From a conceptual standpoint, the growing emphasis on assessment instruments
and validation processes reflects a paradigm shift from content-based testing toward
performance-based and authentic assessment. This shift is consistent with the view that
research frontiers evolve toward multidimensional and collaborative domains when
pedagogy intersects with assessment innovation (Breschi & Catalini, 2010). The
emergence of themes such as critical thinking, problem solving, and curriculum
development reinforces the argument that HOTS and SPS are increasingly treated as
complementary constructs (Kusumadani et al., 2023). As noted by Faradella (2024),
students’ difficulties in HOTS-related problem solving often stem from limited exposure
to inquiry-based and process-oriented tasks, further underscoring the need for integrated
instructional designs.

In relation to educational practice, the bibliometric findings provide strong
pedagogical implications for elementary science education. The alignment between
HOTS and SPS identified in this study corroborates earlier empirical research showing
that instruction emphasizing analysis, evaluation, and creation enhances students’
abilities to observe, classify, interpret data, and draw scientific conclusions Retnawati et
al., 2018). Similarly, inquiry-based and problem-based learning models have been shown
to effectively link hypothesis formulation, experimentation, and evidence interpretation
with higher-order cognitive engagement (Nugroho, Wilujeng, Pujaningsih, et al., 2024).
These findings indicate that HOTS-oriented instruction naturally supports SPS

development when learning tasks are designed around authentic scientific inquiry.
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From a theoretical perspective, the relationship between Higher Order Thinking
Skills (HOTS) and Science Process Skills (SPS) can be understood as a reciprocal and
hierarchical interaction. HOTS provides the cognitive framework that enables learners to
engage meaningfully in science process skills, as analytical, evaluative, and creative
thinking are required to formulate hypotheses, design investigations, interpret data, and
draw evidence-based conclusions. Conversely, SPS functions as the operational
mechanism through which HOTS is enacted and becomes observable in learning
activities (Zhou & Qu, 2024). When students engage in processes such as observing
patterns, controlling variables, analyzing experimental results, and communicating
findings, they actively exercise higher-order cognitive processes. This interpretation
aligns with constructivist and self-regulated learning theories, which emphasize that
higher-level cognition develops through active inquiry, reflection, and problem-solving
experiences (Zimmerman, 2007; Liu et al., 2008; Council et al., 2012).

The prominence of keywords related to educational computing and learning
systems further highlights the role of digital environments in facilitating formative
assessment and adaptive learning. Digital platforms enable real-time feedback, systematic
data collection, and individualized instruction, thereby supporting the development of
both cognitive reasoning and procedural scientific skills (Harta et al., 2020). This trend
aligns with broader global movements toward digital transformation and Al-assisted
assessment in education, preparing elementary students for the demands of the Industrial
Revolution 4.0 (Nugroho et al., 2025; Yadav & Shrawankar, 2025).

Despite the increasing volume of publications, the bibliometric findings indicate
that research explicitly addressing the implementation of Higher Order Thinking Skills
(HOTS) and Science Process Skills (SPS) at the elementary school (MI/SD) level remains
uneven. While a considerable number of studies discuss HOTS and SPS conceptually or
within broader educational contexts, fewer articles provide detailed empirical evidence
on how these skills are systematically embedded in classroom practices at the primary
level. Most studies emphasize instructional models or assessment instruments without
sufficiently documenting sustained classroom implementation, longitudinal outcomes, or
institutional adoption within elementary schools. This suggests that, although HOTS and
SPS are widely acknowledged in theory, their practical enactment in MI/SD contexts is

still partial and fragmented.
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The bibliometric distribution further reveals a gap between research production
and school-level implementation. Many publications originate from higher education
institutions and research centers, yet relatively few examine institutional readiness, school
culture, or teacher capacity in elementary schools. This indicates that a significant number
of MI/SD institutions may not yet be implementing HOTS-and SPS-oriented learning in
a systematic manner. Contributing factors include limited teacher assessment literacy,
curriculum constraints, an emphasis on content coverage and recall-based testing, and
insufficient alignment between national assessment systems and inquiry-based learning
goals. As a result, HOTS and SPS are often treated as supplementary objectives rather
than as core components of elementary science instruction.

Based on these findings, this study offers several solution-oriented directions.
First, HOTS and SPS should be integrated explicitly into elementary science curricula as
interconnected competencies, supported by clear learning progressions and assessment
indicators appropriate to students’ developmental levels. Second, teacher professional
development programs need to prioritize HOTS-SPS integration by focusing on inquiry-
based pedagogy, performance-based assessment, and reflective instructional practices.
Third, digital learning systems and formative assessment platforms identified as emerging
themes in the bibliometric analysis can be leveraged to support real-time feedback,
documentation of science process skills, and the evaluation of higher-order thinking in
classroom settings. Finally, future research should move beyond short-term instructional
trials and focus on design-based and longitudinal studies that validate HOTS—-SPS
integration across diverse elementary school contexts.

The implications of these findings are significant for elementary science education
policy and practice. For schools, the results highlight the need to shift from fragmented
implementation toward a coherent instructional framework that aligns learning
objectives, teaching strategies, and assessment systems with HOTS and SPS
development. For curriculum developers and policymakers, the findings emphasize the
importance of embedding inquiry-based learning, authentic assessment, and teacher
capacity-building within national curriculum and evaluation frameworks. At the research
level, the study underscores the need for stronger theoretical consolidation and empirical
validation to ensure that HOTS—SPS integration moves from policy discourse into

sustainable classroom practice. Overall, this bibliometric evidence positions HOTS and
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SPS not merely as aspirational skills, but as essential and actionable foundations for

cultivating scientific literacy and higher-order thinking in elementary education.

Conclusion

This bibliometric study provides a comprehensive overview of the evolution of
research on Higher Order Thinking Skills (HOTS) and Science Process Skills (SPS) from
1992 to 2023. Rather than merely mapping publication counts, this analysis identifies the
intellectual, conceptual, and social foundations of HOTS-SPS scholarship by examining
key authors, publication sources, thematic structures, and collaboration networks. The
findings reveal a clear research trajectory from early conceptual discussions on critical
thinking toward applied studies that integrate technology, inquiry-based learning, and
assessment innovation. The marked increase in publications after 2014 reflects both
global and regional educational shifts toward inquiry-driven and performance-oriented
science learning.

Consistent with the bibliometric approach employed in this study, the results
demonstrate that HOTS and SPS research has evolved into a structured and increasingly
interconnected field, particularly within elementary science education (MI/SD).
Performance analysis and thematic mapping indicate that higher-order cognitive
processes such as analysis, evaluation, and creation are frequently operationalized
through science process skills, including observation, hypothesis formulation, data
interpretation, and scientific communication. This evidence confirms that HOTS and SPS
are not independent constructs but complementary dimensions of scientific literacy, in
which cognitive reasoning provides the foundation for scientific inquiry, while science
process skills translate higher-order thinking into observable learning practices.

At a more specific level, the bibliometric patterns identified in this study offer
important implications for educational practice. Dominant research clusters, such as
inquiry learning, critical thinking, scientific reasoning, classroom assessment, and digital
innovation, provide evidence-based references for aligning curriculum objectives,
instructional strategies, and assessment practices in elementary science education.
Teachers may draw on these insights to design inquiry-oriented learning activities that
integrate core science process skills with higher-order thinking strategies, thereby

fostering deeper conceptual understanding and problem-solving abilities among students.
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For curriculum developers and policymakers, the findings highlight priority areas for
strengthening elementary science education, including the development of authentic and
digital assessment tools, inquiry-based lesson structures, and sustained professional
development programs focused on HOTS-SPS integration.

In terms of research continuity, this study contributes a data-driven foundation for
future investigations by clarifying dominant themes, influential contributors, and
underexplored areas within the HOTS-SPS literature. While the bibliometric analysis
does not directly measure instructional effectiveness, it provides a systematic map of how
HOTS and SPS have been conceptualized, integrated, and operationalized across
scientific publications. Future research is therefore encouraged to build upon these
findings through longitudinal, experimental, or design-based studies that empirically
examine the impact of HOTS—SPS integration on student learning outcomes in diverse
elementary school contexts.

Overall, the novelty of this research lies in its systematic integration of large-scale
bibliometric evidence with pedagogical interpretation. By linking publication trends and
thematic developments to theoretical and practical considerations in science education,
this study offers a coherent and evidence-informed perspective that supports the
advancement of HOTS-based and SPS-oriented science instruction in primary education

contexts.
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