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Abstract

Ontological-epistemological convergence plays a significant role in learning science. Therefore, the
relationship between ontological and epistemological stances in science was examined to understand the
context for integrating STEM education in science learning. A systematic review of the literature was
carried out using the PRISMA method. Articles were scrutinised following the inclusion and exclusion
criteria and finally, 51 articles were retained. The overall inter coder agreement reached was ICA =88%
well above the minimum threshold of 70%. A common agreement resulted in developing a
theme/category. The findings revealed that STEM education emphasises epistemic cognition, ontological
framing of real-world issues, and the integration of different STEM disciplines. Teacher educators should
be equipped to understand how knowledge is validated in science and how designing in engineering and
mathematical modelling enable them to guide transdisciplinary inquiry without ignoring STEM discipline.
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INTRODUCTION

Science is increasingly viewed from social and environmental contexts due to its profound impact on
society. For example, genetically modified foods represent the interplay of science with environment. Analyzing
such issues raises ontological and epistemological questions of learning science. In this context, science learning
addresses questions about the natural world, which focuses on what science is and how it works. Sandoval and
Redman (2015) reported the relationship between the nature of scientific knowledge and the world. They
argued that science is the process of systematically generating knowledge about the natural world. For instance,
in describing secondary students about magnetism, the ontological stance of magnetism explains how the
interaction between a magnet and nonmagnetic materials are distinguished. Similarly, the epistemological
stance of magnetism captures students’ ability to account for and predict attraction and repulsion of materials
by a magnet (Papadouris & Constantinou, 2017). The status of knowledge generation is epistemology, and what
knowledge exists in the world is ontology. Hence, the relationship between scientific knowledge and scientific
truth sheds light on the epistemology and ontology of science.

The Rationale of the Study

Teaching-learning of science is based on inquiry about the natural world. Science learners learn about
‘forces’ associated with different activities in their daily lives. For example, a ball rolling along the ground
gradually slows down and finally comes to rest. In this situation, learners use reasoning and inquiry techniques
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to understand this phenomenon. They build conceptual understanding that a force of friction between the ball’s
surface and the ground brings the moving ball to rest. Thus, science is oriented toward real-world-based
schemes that create scientific concepts (Ministry of Education, 2020). Additionally, it can facilitate mathematical,
technological, and engineering problem-solving abilities in this process (Lee et al,, 2016). A focus on inquiry in
learning science, which is relevant to real life, enables STEM learning opportunities. Science learning supports
inquiry structuring students’ thinking about scientific phenomena and integration of Science, Technology,
Engineering, and Mathematics (Ortiz-Revilla et al., 2020). Thus, inquiry-based learning provides learners with
epistemological considerations of science. Hence, the necessity of epistemic knowledge of science is argued by
many.

Thelearners' existing ideas are based on their observation of the natural surroundings, which helps them
in applying scientific concepts. For example, when ‘sound’ is produced, the ontological dimension helps in
deciding how the different dimensions, such as amplitude, frequency, time period, loudness, and pitch of sound,
can be explained with different experiments in the classroom. At the same time, epistemological dimensions
help validate the experiment in real-world scenarios. Sere et al. (2001) claimed that scientific models and their
experimental correspondences deal with the ontological dimension, and the validity of explanations ensures the
epistemological dimension. These two dimensions of science determine the state of scientific knowledge. Thus,
a true understanding of science is based on where science and the scientific process are embedded through
ontological and epistemological stances. Therefore, a relationship between ontological and epistemological
understanding and inquiry in learning science needs to be articulated.

It is necessary to reflect explicitly on ontological and epistemological stances of science for an integrated
STEM education in solving real-world problems. STEM is a dominant construct in research analysis. A sound
argumentation is necessary from a philosophical point of view (Ortiz-Revilla etal., 2020). A few research studies
have been reported which reflect on ontological and epistemological components of science in STEM education.
A probing question on the ontological and epistemological basis of STEM integration in terms of meta-synthesis
is a missing element in the literature. Therefore, both stances of science grounded in STEM integration were
explored

Research Objectives:

Science is best understood when its’ ontological and epistemological aspects are focused on during
learning. Prioritizing these in science learning strengthens all four STEM disciplines, making their integration in
STEM education a critical area for exploration. Therefore, the following research questions were posed to guide
a systematic synthesis of literature.

1. Whatis the ontological stance of science?

2.  Whatis the epistemological stance of science?

3.  Whatis the context of the integration of both stances of science?

4. How does the integration of both stances of science situate itself in STEM education?

METHOD

Systematic literature reviews were employed using the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) method (Moher et al,, 2015). PRISMA is adaptable to our research for
systematic reviews surrounding three main activities: (1) development of a search strategy, (2) selection of
relevant studies, and (3) extraction of the articles from the included studies. A systematic review was done by
presenting a descriptive summary of each article’s critical points about the ontology and epistemology of science
in response to the research questions. Then, a systematic synthesis was focused on the ontological and
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epistemological points of view, issues, and ideas presented in those articles. The schematic representation of the
systematic review search strategy is given in Figure 1.
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Figure 1: PRISMA Flow Diagram for the Systematic Review Search Strategy (Adopted from Moher etal,, 2015)

Development of Search Strategy

A search strategy was defined to search for all possibly relevant studies. The authors identified the
domain of keywords and selected the appropriate database as cited in Bano et al. (2018).

Identification of the Domain of Keywords

The authors identified four domains of keywords: nature of science, belief in knowledge, way of knowing
science, and cognitive process in science. In order to generate the alternative terms from the domain of
keywords, authors made a preliminary survey on existing literature reviews of science education, considering
the ontology of science and epistemology of science. From these literature reviews, the authors came up with a
list of alternative terms from the keyword domain.

Inclusion and Exclusion Criteria

A total of three web databases were consulted, including the Educational Resources Information Centre
(ERIC), ProQuest, and Scopus. The following inclusion criteria were used in the synthesis:

1. Research Articles, Thematic Papers and Conceptual Papers on Science Education
2. Peer-reviewed publications on science education
3. Studies published between January 2013 and January 2026

The following were excluded:
1. Editorials, commentaries, conference proceedings, and book chapters
2. The articles that were not published in English
3. Studies for which the full text was unavailable
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The authors used a spreadsheet to represent the data extraction form, including the journal's name, title,
research questions, objectives, findings, and key concepts relevant to the search and publication year. Content
analysis of the text of each related literature was done.

Search Strategy

A search of keywords was carried out to answer the research questions. A list of similar keywords was
created in order to pick the broadest range of potentially relevant literature. Searches were done by combining
at least one word from each category listed below. The same search word combinations were applied across
three databases to ensure a systematic process. The identified keywords under the ontological and the
epistemological stance of science are depicted in table1. At the initial identification, 329 records were identified
across ERIC, Scopus, and ProQuest. Duplicates and titles & keywords were screened at the first level, where 113
articles were removed. Only 216 titles and abstracts were reviewed. Considering eligibility exclusions, 148
articles were excluded. Consequently, only 68 full-text articles were retrieved and assessed. Of these, 15 articles
lacked a substantive ontological and epistemological focus, and 2 articles did not meet the quality appraisal
criteria. A domain of keywords was prepared consistently with the criteria of quality articles. These quality
check criteria were adequacy of research context, framing the research question(s), analysis adequacy, and
stating methodological limitations (Garcia et al., 2019). Thus, 51 articles were finally included for systematic
review. In this way, 51 articles were retained on satisfying these quality criteria.

Table 1: Domain of Searching Keywords for Screening Articles

SN Domain of Keywords Alternative Terms Searching Screening Eligibility
Nature of Science Epistemology in Science 10 5 5
Ontology in Science 20 17 3
2 Belief in Scientific Knowledge Epistemological Belief 60 46 14
Ontological Belief 7 4 3
3 Way of Knowing and Science Epistemic Knowledge 5 4 1
Truth Seeking in Science 18 17 1
Epistemic Understanding 8 5 3
Epistemic Argumentation 3 2
Epistemic Insight 6 5 1
Ontological Knowledge 11 5 6
4 Cognitive Process in Science Epistemic Orientation 3 2 1
Ontological Orientation in Science 26 22 4
Epistemic Cognition 12 7
Epistemic Process 25 23 2
Total 216 165 51

Inter-coding agreement (ICA) was measured to estimate how two experts named the same term. The
unit of analysis comprised peer-reviewed articles on science education published from 2013 to 2026. Two
independent coders performed article coding using inductive-deductive approach. The key words discerned in
the articles were regarded as themes. The keywords were examined according to inclusion and exclusion
criteria. The themes were categorized under a comprehensive domain of keywords. The thematic semantic
meanings were consolidated into a category. Disagreements on these categories were systematically settled
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through negotiated agreement between the two coders. The data were collected on a nominal scale (i.e. the
presence and absence of a theme/ category). ICA was calculated in basic percentage agreement which was
dividing the number of agreements by the total number of agreements plus disagreements. The actual overall
intercoder agreement reached was ICA =88% well above the minimum threshold of 70%. It provided
confidence that the agreement transcends only one element (Kurasaki, 2000). A common agreement resulted
in developing a theme/category.

Mapping the Themes into Categories

The themes around ontological and epistemological bases of science were grouped into ten categories
(Figure 2). The semantic meanings of themes were organized. The relatedness of meanings was observed.
Themes with similar meanings were included under one category.

: Argument-
Object of Based Inquiry
Inquiry

Higher Process
of Thinking

Argument
on Reality
Aesthetic
Experience
Social
Reality

Interaction

Ontology Authentic

Science Practice

Epistemology

Scientific

Justification
for Knowledge

Figure 2: Mapping the Themes into Categories

RESULTS

RQ1. WHAT IS THE ONTOLOGICAL STANCE OF SCIENCE?

Synthesis of Reviews

Ontology expresses entities of knowledge that exist in reality. It is the true understanding of reality
through the learning of science (Kirbaslar et al,, 2021). Reality in science is the outcome of experiments, which
are interpreted in terms of scientific beliefs, facts, and arguments. The ontological aspects of science are captured
through the study of nature (Limbu et al,, 2025) which are contemplated on scientific concepts, phenomena,
scientific laws, theories, principles or models. The ontological value of science represented the discovery of
scientific concepts. These concepts are human-conceived and are used as science content. During learning
science, the reality and existence of social concepts and ideas are often neglected for argumentation. The nature
of science should be interpreted as how scientific knowledge is created and how the truth shapes that
knowledge. Ontology helps to understand how socially constructed scientific knowledge can be built in reality
(Yucel, 2018). The reviews of ontological literature revealed some factors influencing science knowledge. Our
pedagogies are covered under these factors. These are summarized in Table 2.
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Table 2: Summary of Reviews on the Ontological Stance of Science

SN Theme

Authors

Major considerations

Factoring

1.  Ontology in
Science

Datt, S. (2015)

Ontology as explanation
of reality in scientific
concepts.

Concepts from the larger world of
science possessing ontological validity
can be developed collaboratively by a
community of learners to remove
learners’ misconceptions.

2. Ontological

Kirbaslar, F. G.,

Ontological Belief in

Constructivist inquiry approaches can

Belief Arica, B., & Cingil science is the true be used to develop ontological beliefs
Baris, C. (2021). correspondence of and among students through the use of
the understanding of epistemic tools such as language,
truth in scientific studies.  dialogue, and argument.
3. Truth Abegglen, S, & exploring reality in Science is a discourse which shapes
Seeking in Bustillos, J. (2016)  scientific ideas which our understanding of the
Science shapes our transformative world and creates

understanding of the
world.

knowledge and truth.

4. Ontological
Knowledge

Papadouris, N., &
Constantinou, C. P.
(2017)

Yucel, R. (2018)
Ostergaard, E.
(2017)

Svedholm, A. M., &
Lindeman, M.
(2013)
Ostergaard, E.
(2014).

Conceptual
understanding of nature
as a construct, gathered
through daily life
experiences

Discourse on epistemic and
ontological aspects enriches the views
and appreciation of ideas about the
nature and process of science.
Grounded aesthetic experiences
broaden students’ consciousness,
notion of science & scientific inquiry
and develop insight into dealing with
several environmental, technological &
social challenges.

Ontological knowledge significantly
affects educational research,
curriculum, and classroom teaching,
including the framing of indigenous
science in school science programs.

5. Ontological
Orientation
in Science

Kirbaslar, F. G.,
Arica, B., & Cingil
Baris, C. (2021),
Datta, R. (2016),
Limbu, S.,
Rajbanshi, R, &
Kumar, R. (2025).

A means of re-examining
and re-configuring
everyday experiences of
reality.

The ontological orientation is evident
in the emphasis on collaboration and
engagement in the process of inquiry,
active participation, reflection, and the
co-construction of knowledge among
mentors, researchers, and
participants.

Understanding fundamental knowledge about the natural world in a systematic way is science.
Knowledge about real-life situations is scientific. Scientific knowledge does correspond to reality (Sandoval &
Redman, 2015). Thus, learning science implies giving everyday life experience. Ontology orients the everyday
life experiences of students, rooted in scientific concepts. Students' everyday knowledge is grounded in aesthetic
experience. The value of aesthetic experience allows open inquiry (Ostergaard, 2014). The field of ontology
explores the 'inquiry process'. Such a type of knowledge fosters ontological sensibility (Ostergaard, 2017).
Hence, students need to be sensitive towards everyday life situations. Ding (2019) highlights ontological
challenges for the generation of knowledge. He emphasized the pragmatic basis of science during the
investigation of reality. Therefore, the goal of learning science should be based on practical aspects of life.
Students should not be compelled to adopt a particular worldview without understanding the scientific
principles governing it. Understanding includes knowing about scientific principles when it is appropriate to use
the knowledge, and how to use it (Svedholm & Lindeman, 2013). Ontology is a discourse that shapes our
understanding of the world. Discourse-based producers of reality yield the effects of truths (Abegglen &
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Bustillos, 2016). Kirbaslar et al. (2021) explained this phenomenon as 'reaching the reality’, which includes
scientific entities.

Science is embedded and entwined with our world, not simply contained within it. So, the ontology of
science describes claims and assumptions about the nature of social reality, claims about what exists, what it
looks like, what units make it up and how these units interact with each other (Verdin et al,, 2018). That is,
becoming a learner of science is to interpret social reality. Dall’Alba (2009) described ontology as ‘being in the
world’. The world covers disciplines like mathematics, physics, engineering and others, which derive knowledge
claims from interpreting lived experiences of individuals or groups. One's ontological understanding of a
concept can contribute to knowledge construction. Exploring how to interpret the meaning of what it means to
amathematics learner, science learner and/or engineering learner through the philosophical study of the nature
of being is ontology. Ontology centers on how the world makes itself known and the forces that form our
everyday life (Datta, 2016). The science behind reality is one of the most potent means of re-examining and
reconfiguring everyday practices in a way that values interconnectedness among multiple scientific entities
(Yucel, 2018). Therefore, scientific knowledge seeks something new and unknown which emerges from reality.

Critique of Reviews

The researchers reflect on their ontological commitments, which enabled them to talk about the
integration of diverse content knowledge encapsulated in science education. This part of the review
demonstrated that the ontology of science provides relevant support to design STEM education with regard to
scientific practice. These supports

e Science is inquiry beyond the realm of the actual.

e Science is derived from social reality.

e Science is an exploration of socially constructed scientific knowledge in which
reality can be anchored.

e Aesthetic experience is the base of pragmatic inquiry into the nature

RQ 2. What is the Epistemological Stance of Science?

Synthesis of Reviews

The reviews of related literature revealed some factors influencing science knowledge. Science practices
are associated with these factors. These are summarized in Table 3.

Table 3: Summary of Reviews on the Epistemological Stance of Science

SN Theme Authors Major Consideration Factoring
1 Epistemology in  Koponen, I. T. (2021). Epistemology in science Science is embedded in and is an
Science Cheng, C. H,, Braten, I, Yang, is the empirical process interdisciplinary area that
F.Y, & Brandmo, C. (2021).  of creating valid explores the ontological and
Memisogly, A. S., & Ercelik, scientific explanations. epistemological foundations of
B. (2022), Allchin, D. (2024) science.
2 Epistemological  Zorly, Y. (2017). Epistemic beliefs as Epistemic beliefs help in the
Beliefs Prasadini, L., Hamid, J. A., Individuals' beliefs justification of knowledge and
Khatibi, A., & Azam, S. M. about the true nature of  processes of idea generation,
(2018). knowledge and how judgment, and decision-making.
Bahcivan, E. (2019). epistemic emotions and Dialogic-practical work facilitates
Demirbag, M. (2021). knowledge-related the key features of argument-
Cheng, C. H,, Braten, I, Yang, beliefs are acquired driven inquiry. Constructivism
F.Y., & Brandmo, C. (2021). and inquiry-based education help
Kirbaslar, F. G., Arica, B., & in enhancing the students’
Cingil Baris, C. (2021). ontological and epistemological
Koutsianou, A., & Emvalotis, beliefs.
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SN Theme Authors Major Consideration Factoring
A. (2021).
Lopez-Banet, L., & Martinez-
Carmona, M. (2021).
Guo, J., Hu, X,, Marsh, H. W,,
& Pekrun, R. (2022), Tan &

Koh (2023),
3 Epistemic Yang, F. Y, Liu, S. Y., Hsu, C. Epistemic knowledge as  Epistemic knowledge helps
Knowledge Y., Chiouy, G. L, Wu, H. K, the comprehension of students better understand the
Wu, Y. T, .. & Tsai, C. C. science principles. epistemic nature of scientific
(2018), Soysal, Y. (2025). knowledge and learning, which is
influenced by instructional
decision-making. It enhances
critical/creative thinking among
teachers.
4 Epistemic Koponen, I. T. (2021), Epistemic Thinking, causation, hypothesis
Understanding Soysal, Y. (2025). understanding is to testing, argumentation,
verify the empirical evaluating, critiquing,
findings. interrogating and arguing are
epistemic understanding
practices.

Epistemology of science examines the association of knowledge in science with the nature of science
(Memisoglu & Ercelik, 2022). Scientific knowledge is ever evolving. Scientific knowledge arises through logical
argumentation, empirical verification, and human reason. Justification of such knowledge through
experimentation is required (Pluta et al, 2011). The epistemic understandings help the learners to verify the
empirical findings and enable them to construct knowledge (Guo et al., 2022), improve argumentation skills for
experimental justification (Bahcivan, 2019; Demirbag, 2021), understand the epistemic nature of science
learning (Kizkapan & Bektas, 2021) and promote deep learning approaches (Prasadini et al., 2018; Sandoval,
2009). Students’ creative representation of knowledge helps in their thinking process (Grushka et al, 2018),
decision-making (Cano, 2005), scientific inquiry and argumentation (Yang & Tsai, 2010), critical thinking
(Koponen, 2021) and scientific reasoning (Hogan & Maglienti, 2001). These were the dimensions of the
epistemological framework.

Major constructs of epistemologies of science emerging from the studies include epistemic beliefs and
views, nature of science, epistemic emotions, epistemic metacognition, epistemic practices, and epistemic
resources (Lee etal, 2021). Epistemic beliefs about the certainty of knowledge, source of knowledge, control of
knowledge and speed of knowledge acquisition are related to science learning (Lee et al., 2016). Driver et al.
(2000) gave an account of the practice of scientific knowledge, which is essential for improving scientific literacy.
Duschl (2008) also mentioned that epistemic learning develops scientific literacy. This component supports
learners' participation in STEM education.

Epistemologies of science addresses issues related to philosophical assumptions, values and conceptual
inventions in science (Tsai & Liu, 2005). Epistemic resources involve cognitive resources for understanding
knowledge and how it is generated (Soysal, Y. (2025). Epistemologies specific to science focus on students’ ideas
to construct knowledge. This perspective emphasized students' learning through inquiry. Yang et al. (2018)
mentioned that epistemological knowledge of science embraces the status of scientific knowledge and the
nature of the scientific enterprise.

Science is practiced with epistemic goals. Learners should be engaged in authentic scientific practice to
develop epistemological understandings. Science practices are means to develop scientific knowledge and
scientific processes to explain the natural world (Krajcik et al., 2014), because science is embedded in and
embodied by students' life experiences (Carol-Ann et al, 2018). Science, as a practice of systematic
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understanding of the natural world, focuses on what students know, emphasizing how learners construct
knowledge. Epistemology facilitates student engagement in knowledge generation through science practices
(Park et al,, 2022). Epistemic orientation is the driver in implementing argument-based inquiry. Implementing
scientific practices needs a more learner-centered and epistemological view of learning (McNeill et al,, 2017).

Learners will not be able to participate in scientific actions and processes meaningfully with limited
epistemic understandings. Engagement in research experiences can contribute to the development of
epistemology and processes of science (Kuhn et al, 2017). Learners' epistemological knowledge is revealed
through their science learning, and the nature of scientific knowledge acquired. It also promotes their reasoning,
discussion, and learning approaches (Zorlu, 2017; Marra & Palmer, 2005). Learners develop a model or receive
a revised scientific model for discussion and argumentation to determine a scientific claim. So, the learner’s
argumentation involves epistemic cognition (Wei et al, 2021).

Students encounter multiple epistemic stages in developing scientific claims: observation, interpretative
reasoning, consensus and credibility (Allchin & Zemplen, 2020). The epistemic procedures involve appropriate
approaches to validate and standardize the results. Students need argumentation while carrying out science
projects. This involves their epistemic knowledge and belief (Lopez-Banet & Martinez-Carmona, 2021). They
develop a logical understanding of the steps to claim the scientific results (Allchin, 2013).

Critique of Reviews

Research findings suggest that students bring critical practices into the classroom. All students' ways of
knowing and doing science are appreciated, recognized and used to support meaning-making in such practices
(Gonzalez-Howard & McNeill, 2020). Cheng et al. (2021) argued that students should have beliefs about
knowledge in science, its justification and claims in learning science. So, epistemic orientation is the driver in
implementing argument-based inquiry. An epistemology of science provides relevant support to design STEM
education with regard to scientific practice. The study reveals the following categories of support:

e Inquiry involves making explanations.
e Cognitive processes interpret the reliability of scientific claims.
e Authentic science practice

e Science seeks empirical justification

RQ3. What is the Context of the Synergetic Integration of both Stances of Science?

The knowledge generated through observation of nature is the epistemology of science. Epistemic
practices are associated with creating, communicating and evaluating knowledge in science. The epistemology
of science is the understanding of the role and functions of process in justifying the knowledge produced by
science (OECD, 2017). Osborne et al. (2003) argued that science is the process of knowledge justification. In the
PISA framework, scientific knowledge is considered to be epistemic knowledge. Epistemic knowledge refers to
understanding the constructs, defining features of science, and the way to justify scientific claims.

Learners experiencing practical skills in the laboratory, observing effectively, responding to particular
demands of a task, and assessing one's performance are facets of the epistemology of science. As a result, the
epistemology of science is contextualized as:

e (ritical analysis and practical skills must explicitly be focused.

e Epistemic knowledge is used to justify scientific claims.

o Cognitive skills must be used to identify the truth of knowledge through the
scientific process.
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Nevertheless, science is based on the reality of the surroundings. This truth of knowledge is grounded in
scientific inquiry, which deals with the realities of one’s natural surroundings. This gives an ontological
orientation to the learners. Learning science provides learners with a platform to explain scientific facts in a
natural way by which they gain aesthetic experience. The learners should be oriented towards a real-life
scenario which is scientific, authentic, and free from biases. The ontology of science is contextualized as:

e Contents must be linked with everyday science and independent social reality.

e Aesthetic competency should be identified among learners.

Critique of Reviews

The integration of the two stances concerns a balance between the quest for knowledge and the search
for the truth of the natural world. Epistemology emphasizes the empirical method towards quest for knowledge.
Nevertheless, scientific investigation is both discovery and creativity. Additionally, the ontological domain of
science provides the ultimate aim of scientific investigation. Scientific practices are embedded within the social
context. Social events are justified through causal explanations, which rely on scientific practices and hence are
grounded in the truth of society.

The aim of science is, therefore, to discover true knowledge about the world. However, science attempts
to unravel the ground of reality to explain the cause of phenomena. A framework of the context of integrating
both stances of science is developed and shown in Figure 3. The claims of scientific explanations about the truth
of the world help to understand scientific constructs in an integrated way. Inquiry, argumentation, designing
and constructing knowledge are aligned with social reality.

Science

[

( = B
@ Aesthetic Social Reality Experimental Certainty of e
Sensibility (Examining Justification J L Knowledge

Inquiry

(Argument-based

(Open Inquiry) Scientific (Control of
Inquiry)

Entities) Knowing)

Reliability of
Scientific Claims

Integration of Both
1. Understanding science constructs in an integrated way.
2. Scientific explanation about the truth of the world.

Figure 3: Framework of Synergetic Integration of Ontology and Epistemology Stances of Science

Construction
of Knowledge

ARIE

The domain of science requires critical justification of scientific claims and counterarguments (Duncan
etal, 2018). Certainty of knowledge and truth in the scientific process is relevant to the epistemology of science.
Natural science is open to inquiry. It has a linkage with the natural world. Scientific knowledge examines
scientific entities, presupposing the natural world as its ontological foundation. So, integrating both stances of
science is understanding the truth of the world and providing scientific explanations.
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RQ4. How does the Integration of both Stances of Science Situate in STEM Education?

The components of STEM education are well articulated through science. STEM integration provides a
broad scope of creation of scientific knowledge for the contents of Science, Technology, Engineering and
Mathematics. Science is oriented through inquiry in epistemological and ontological platforms. The
epistemological and ontological underpinnings of science activities help in creating scientific knowledge. These
activities are shown in Table 4.

Table 4: Ontological and Epistemological Bases of Science

Ontological and Epistemological Bases of Science Affordances
Inquiry on a Topic Interactive session, Planning and Thinking of a Problem
Creating an Argument Supporting Evidence-Based Rationale
Developing a Design Creating Links and Representing the Linkage of Concepts
Investigation Doing Experiments
Making Measurements and Results Data Sharing
Knowledge Building Collaboration, Communication
Situating Integration

Learners need to view everyday life experiences through scientific phenomena. An open inquiry about
their daily life experiences helps them discover the world in its reality. In this regard, a scientific process is
required to understand the world. The epistemology of science examines the nature of science, such as verifying
the empirical findings, analyzing scientific methods, etc., whereas the ontology of science explores the existence
of the reality of scientific entities. Thus, science aims to acquire not only knowledge about the truth but also how
to use such knowledge in life. Therefore, epistemological understanding of the certainty of the knowledge and
ontological understanding of the reality of the knowledge are the two facets of scientific claims.

The nature of science has a potential role in accommodating learners to claim truth in science. The
ontological and epistemological nature of science enables learners to judge the reality of entities. Therefore,
studying natural phenomena cannot be limited to science subjects only. Learning science as an isolated subject
hinders holistic thinking and the explanation of scientific facts. This shows the need to integrate science learning
with STEM education. The learners find opportunities to search for the truth through interdisciplinary subjects
of STEM education (Groff, 2004). They can explain the various forms of scientific practices through STEM
education.

Ontological considerations are inseparable from an epistemological point of view in the context of the
nature of science. Of course, epistemological views are influencing the reality of entities proposed for integrated
learning (Lee et al, 2021). It is important to conceptualize numbers and other mathematical entities in
relationships, considering the nature of mathematics (Bano et al, 2018). Similarly, Engineering and Technology
are interpreted within design-oriented concepts (Yalcin & Ozturk, 2022). Epistemic science is the creation of
knowledge and scientific explanations. Technology can be depicted as the construction of things. Technology is
understood as operation, while engineering pertains to the application of scientific knowledge.

Integrated STEM education functions as an ecosystem where science, technology, engineering, and
mathematics maintain reciprocal equivalence. While science provides the ontological framing of natural
phenomena and epistemological justification of empirical claims, engineering contributes design and
optimization of epistemologies; technology provides operational mediation and mathematics establishes
quantitative modelling. The ontological and epistemological perspectives of science serve as an unveil
collaborator that intersects with engineering and mathematical problem-solving fostering STEM learning
environments.
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DISCUSSION

The approaches to studying the nature of science are considered from ontological and epistemological
stances. The epistemological questions of knowledge are often not widely debated. The creation of knowledge
and dissemination of such knowledge by learners must be critically examined in order to ensure its certainty.
Epistemic beliefs significantly influence students’ interactions with scientific concepts (Tothova and Rusek,
2025). Ontology examines the reality of knowledge creation. Learners' thought processes help to build
epistemological and ontological beliefs during inquiry-based learning (Koutsianou and Emvalotis, 2021). Hence,
understanding of fundamentals of science and the scientific process are embedded through ontology and
epistemology of science (Tan and Koh, 2023). It is important that students develop epistemological and
ontological beliefs corresponding to the nature of knowledge.

Competencies such as scientific explanations, inquiry, and data interpretation are necessarily assessed
in science. Program for International Student Assessment (PISA) standards include epistemic knowledge
(OECD, 2022). Therefore, learners mustlearn to analyze and evaluate data, argue in various representations and
draw appropriate scientific conclusions (OECD, 2017). Hence, epistemological and ontological concerns
regarding the nature of science need to be taught to learners. The major goal of the curriculum should be the
communication of ideas about the world’s reality. The scientific discussion in the classroom should contain
terms such as laws, theories, models, explanations, truth, knowledge, observation, hypothesis, data
interpretation, and generalization on real-life issues. Therefore, knowledge gained through science subjects in
schools is imperative to explore interdisciplinary knowledge of STEM education.

The current literature perceives STEM integration, epistemic cognition, empirical justification, social
reality and nature of science in silos; whereas the present work identifies the scope for synthesis among these
areas. This includes a unified structure which maps ontological dimensions like social realities and epistemic
practices like epistemic cognition. Instead of considering ontology and epistemology as rhetorical constructs
this work signifies interdisciplinary design and problem-solving attributes. The missing element of grounded
conceptual anchoring as per the nature of sciences (NOS), truth seeking approach integrated with technology
and engineering as part of systematic synthesis for interdisciplinary co-constitution without subordinating one
discipline with another.

The broader scholarly contribution of this synthesis lies in positioning ontological framing and
epistemological justification as complementary foundations for interdisciplinary STEM education. Rather than
prescribing a uniform instructional model, the proposed framework offers a conceptual basis for examining how
scientific inquiry, engineering design, technological applications, and mathematical modelling can be
meaningfully integrated across different educational systems. This perspective contributes to international
STEM education discourse by identifying principles that can inform curriculum development while
accommodating differences in educational contexts, resources, and disciplinary practices.

IMPLICATIONS FOR STEM EDUCATION

The integration of ontological and epistemological stances of science in STEM education would unveil
opportunities for both teachers and students to explore diverse elements outlined in the conceptual framework.
It will enable integration of essential learning under ontological and epistemological domains, promoting a more
rational methodology towards teaching-learning. This approach, in contrast to the frequently practiced
piecemeal approach of teaching STEM subjects, will foster not only creative and tangible learning experiences
but also sustainable learning practices. This may also result in a paradigm shift from content-centric education
to competency-based learning that encompasses creative thinking, collaboration, communication, problem-
solving, experiential learning, problem-based learning, and hands-on learning. STEM education emphasizes
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epistemic cognition, ontological framing of real-world issues, the integration of different STEM disciplines, and
the expansion beyond traditional disciplinary confines.

Teacher educators should be equipped to understand how knowledge is validated in science and how
designing engineering and mathematical modelling enable them to guide transdisciplinary inquiry without
ignoring STEM discipline. For international STEM education, the framework may inform curriculum design and
teacher professional development across diverse educational settings, including resource-constrained
environments. Its application should be adapted to local curricula, available technologies, and learners'
sociocultural experiences while maintaining the central principles of inquiry, evidence-based justification, and
interdisciplinary problem-solving. Future empirical studies across different countries and educational levels are
needed to examine its applicability and educational effectiveness.

CONCLUSION

The study translates ontology and epistemology into integrated learning units where Science,
Technology, Engineering, and Mathematics interact each other. Hence, STEM education signifies the expansion
beyond traditional disciplinary confines. Ontological and epistemological knowledge of science contributes for
STEM education in solving real-life problems. The ontological and epistemological perspectives of science
provide essential cognitive structure that synergistically engages with engineering design, technological
innovation and mathematical modeling. An effective approach should be to redesign the STEM curriculum and
its implementation in the context of STEM integration.
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