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Abstract 

This study investigates pre-service physical sciences teachers' conceptions of the Nature of Science (NOS) 

within the context of South Africa's educational goal of fostering scientific literacy. Guided by a 21st-

century skills framework, the study explores how these future educators perceive and understand NOS—

a foundational component for effective science instruction. This study adopted a phenomenographic 

design. Data were gathered through semi-structured interviews with ten fourth-year physical science and 

mathematics education majors at a South African university and analysed using thematic analysis. 

Findings reveal a distinct perspective among participants, who largely view NOS as absolute and 

objective, contrasting with the nuanced and evolving nature highlighted in existing literature. This study 

underscores the importance of addressing and rectifying potential misconceptions regarding scientific 

knowledge among pre-service teachers to better equip them for their roles as science educators, ultimately 

supporting accurate scientific literacy in their future classrooms. 

Keywords: Nature of science, scientific literacy, phenomenography, pre-service teachers, Physical 

Sciences

Introduction 

The nature of science (NOS) is a 

foundational element in science education, 

shaping how students and educators understand 

scientific knowledge, its methods, and its societal 

impact. In recent years, there has been growing 

emphasis on equipping pre-service teachers with a 

robust understanding of NOS, as their conceptions 

play a critical role in fostering scientific literacy 

and inquiry-oriented learning among future 

students (Zhang et al., 2024). For physical sciences 

teachers, a nuanced understanding of the Nature of 

Science (NOS) is essential. It allows them to teach 

not only scientific facts and theories but also the 

processes and limitations that underpin scientific 

inquiry (Yeh, Dhurumraj & Ramnarain, 2023). In 

the South African context, where science 

education aims to cultivate critical thinking and 

problem-solving skills, exploring pre-service 

teachers' conceptions of NOS has become a 

priority (Lelliott, 2014). This need is underscored 

by the goal of the national curriculum to nurture 

scientifically literate citizens capable of engaging 

with complex scientific issues in a rapidly 

evolving world. However, studies suggest that 

many pre-service teachers may hold incomplete or 

simplistic views of NOS, often perceiving science 

as a set of absolute truths rather than a dynamic, 

iterative process (Boyle et al., 2023; Lekhu, 2023; 

Napanoy, Gayagay & Tuazon, 2021). Addressing 

such misconceptions is essential to prepare future 

educators to foster deeper scientific understanding 

and curiosity among learners. 

The general science standards in the 

South African context emphasize that future 

citizens should be scientifically literate, equipped 

with the necessary knowledge to understand both 

science and its interactions with society 

(Ramnarain, 2024; Roberts et al., 2011). This 

competency is closely linked to understanding the 

Nature of Science (NOS). The Nature of Science 
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(NOS) offers a profound understanding of how 

science functions as a discipline. It reveals that 

science is not just a collection of facts and laws but 

a dynamic, human-driven process that constantly 

evolves (McComas, 2017). At its core, NOS is 

about comprehending the key characteristics, 

practices, and principles that govern scientific 

inquiry and the creation of knowledge (Brock & 

Park, 2024). 

Science, as a human endeavour, is shaped 

by human perspectives, creativity, and subjectivity 

(Sammel, 2014). It is influenced by social, 

cultural, historical, and technological contexts, 

meaning that scientific knowledge is always in 

flux. As scientists approach questions, they are 

guided by their current knowledge, tools, and 

assumptions, which can lead to new discoveries or 

shifts in understanding. Science is not static; it is 

an ongoing pursuit where knowledge is 

continuously refined, revised, and re-evaluated. A 

fundamental principle of science is its reliance on 

empirical evidence (Herfeld & Ivanova, 2021). 

Scientific inquiry is grounded in observation, 

experimentation, and measurement. Scientists 

gather data that is reproducible and verifiable, and 

conclusions are drawn from this evidence. The 

ability to replicate experiments and verify results 

is key to validating scientific claims, ensuring that 

findings are credible and accurate. 

The tentative nature of scientific 

knowledge is another cornerstone of NOS (Brock 

& Park, 2024). Unlike absolute truths, scientific 

knowledge is provisional. It is always open to 

change as new evidence emerges, or when existing 

theories are refined or replaced. For example, the 

shift from Newtonian physics to Einstein's theory 

of relativity illustrated how even long-established 

theories could be superseded by new discoveries. 

This openness to revision is what makes science 

adaptable and self-correcting. In addition to this, 

theories and laws are integral to science 

(Stefanidou & Skordoulis, 2017). Theories explain 

and predict phenomena, providing comprehensive 

frameworks for understanding the natural world. 

While theories can evolve or be replaced as new 

information comes to light, they remain robust 

until disproven by new evidence. In contrast, 

scientific laws describe consistent patterns or 

relationships observed in nature, often remaining 

stable unless disproven by extraordinary evidence. 

Despite its goal of objectivity, science is 

also influenced by subjectivity (Stamenkovic, 

2022). The process of scientific inquiry is shaped 

by the values, assumptions, and perspectives of the 

scientists themselves (Khort, 2025). From the 

questions they ask to the interpretations they 

make; scientists bring their own viewpoints to the 

research process. However, science strives for 

objectivity by relying on rigorous methods and 

peer review to minimize bias and ensure reliability 

(Stamenkovic, 2022). Creativity and imagination 

are often overlooked aspects of scientific inquiry, 

but they play a crucial role (Cirkony, 2023). 

Science is not merely about following prescribed 

methods but also involves innovation and the 

generation of new ideas. Scientists use creativity 

to develop models, analogies, and hypotheses, 

imagining possibilities and testing them through 

experimentation (Oh, 2022). This imaginative 

aspect of science sparks new avenues of inquiry, 

leading to groundbreaking discoveries. 

Ultimately, the tentative nature of 

scientific knowledge highlights that science is 

always a work in progress (Mueller & Reiners, 

2023). While it provides reliable, evidence-based 

conclusions, it is never fixed or absolute. New 

findings, technologies, and perspectives can 

always challenge existing understandings, driving 

the continuous evolution of scientific knowledge 

(Link & Scott, 2019). Understanding the Nature of 

Science enriches the way learners approach 

scientific concepts (Khishfe, 2023). It fosters a 

deeper appreciation for the process of knowledge 

construction and helps cultivate critical thinking 

skills. Recognizing that science is a dynamic, 

human-centred process allows learners to better 

grasp the complexities of the scientific world, and 

to engage more meaningfully with the evidence 

and reasoning behind scientific claims (Murphy, 

2021). This knowledge empowers individuals to 

question, explore, and contribute to the ever-

changing landscape of scientific discovery. 

Fostering an adequate understanding of 

NOS is among the most frequently cited goals for 

science education (Confre et al., 2019). Despite 

global consensus on the importance of NOS in 

promoting scientific literacy, research highlights 

that many science teachers and students still 

struggle with grasping this concept fully 

(Lederman & Lederman, 2014). Studies on NOS 
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instruction and comprehension consistently show 

that explicit and reflective teaching methods are 

the most effective in improving both teachers’ and 

students’ understanding of NOS (Namakula et al., 

2024; Witucki et al., 2024). However, while 

progress has been made, there is still a need for 

further work to identify the most effective 

instructional models for teaching NOS (Lederman 

& Lederman, 2014). 

There is also ongoing debate about the 

essential elements of an instructional model that 

could enhance NOS comprehension among 

students and teachers (Dogan et al., 2013). For 

instance, teachers are still uncertain about why 

certain aspects of NOS (i.e., Science as a Human 

Endeavor, Empirical Evidence, Tentativeness and 

Change, Theory and Laws, Subjectivity and 

Objectivity, Creativity and Imagination, Tentative 

Nature of Scientific Knowledge) are more difficult 

to understand than others (Mesci & Schwartz, 

2017). Additionally, it remains unresolved whether 

some features of NOS can be learned implicitly 

(e.g., Seung et al., 2009; Pavez et al., 2016), and 

teachers are still unsure about the most effective 

strategies for teaching NOS (Cofré et al., 2019). 

Furthermore, the relationship between students’ 

understanding of NOS and their ability to learn 

scientific concepts remains unclear (Lederman & 

Lederman, 2012; Peters, 2012; Michel & 

Neumann, 2016; Cofré et al., 2019). 

By analysing these conceptions, this 

research seeks to provide insights into the current 

state of NOS understanding among pre-service 

teachers, offering guidance on how teacher 

education programs might better prepare educators 

to address the complexities of science in the 

classroom. Ultimately, this study underscores the 

importance of strengthening pre-service teachers’ 

comprehension of NOS, paving the way for more 

authentic and impactful science education. 

Exploring preservice physical science teachers' 

understanding of the nature of science and their 

translation into classroom practice is pivotal to 

understanding the complex relationship between 

teachers' conceptions and teaching practices 

(Cullinane et al., 2023). The main question guiding 

the present investigation was: 

• What are the conceptions of pre-service 

physical sciences teachers regarding the 

Nature of Science (NOS) and how do these 

conceptions influence their understanding 

and teaching of scientific inquiry? 

Literature review 

The Concept of the Nature of Science  

The evolution of the concept of the 

Nature of Science (NOS) across philosophical, 

sociological, and historical contexts reveals how 

the science education community's understanding 

of the term has shifted over the past century. This 

evolving perspective highlights a critical 

interpretation of science not merely as a set of facts 

but as a dynamic process shaped by various 

influences. For instance, Clough (2011) 

characterized NOS understanding as "knowing 

how science works," emphasizing the procedural 

aspects of science. In contrast, Lederman et al. 

(2014) expanded this definition, framing NOS as 

encompassing both the epistemology and 

sociology of science. They argued that science is 

not only a method of knowing but also a social 

construct influenced by values, beliefs, and 

cultural contexts, offering a more nuanced 

understanding of the complex nature of scientific 

knowledge and its development. This critical shift 

underscores the importance of recognizing science 

as a multifaceted process, shaped by both 

intellectual rigor and societal influences. 

Description of the Nature of Science as a pre-

requisite for teacher education program 

As outlined in the Department of Basic 

Education (DBE) Curriculum and Assessment 

Policy Statement (CAPS) for pre-service physical 

sciences teachers, the Nature of Science (NOS) 

highlights the dynamic and evolving nature of 

scientific knowledge (Chuene & Singh, 2024). The 

CAPS document for Physical Science Grades 10-

12 emphasizes that science is not merely a 

collection of facts but a systematic process of 

inquiry that involves observation, 

experimentation, and critical thinking. This 

perspective encourages pre-service science 

teachers to help students understand that science is 

evidence-based and subject to revision as new data 

emerges, promoting a mindset of curiosity and 

open-mindedness among both teachers and 

learners. 
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Additionally, the NOS underscores the 

importance of the scientific method, which 

includes forming hypotheses, conducting 

experiments, and drawing conclusions (Schwartz 

et al., 2004). Coleman (2014) stresses that science 

teachers should guide learners in understanding 

the significance of each step in the scientific 

process, fostering their ability to engage in 

scientific reasoning and problem-solving. Kim et 

al. (2011) suggest that by incorporating practical 

experiences and hands-on activities into their 

teaching, physical sciences teachers can help 

learners appreciate the relevance of science in 

everyday life and its role in addressing societal and 

environmental challenges. 

Furthermore, the NOS acknowledges the 

interaction between science and society, 

highlighting the ethical implications and 

responsibilities of scientific work, as noted by 

Allchin (2011). Teachers are encouraged to 

explore how scientific advancements can impact 

social issues, public policy, and environmental 

stewardship. By promoting a comprehensive 

understanding of science, including its cultural, 

historical, and social contexts, teachers can 

prepare learners to become informed and 

responsible citizens capable of critically engaging 

with scientific issues in their communities. 

Tenets of the Nature of Science 

When examining pre-service physical 

sciences teachers' understanding of the Nature of 

Science (NOS), it is crucial to recognize that a 

deep comprehension of NOS is essential for 

effective science instruction. The Nature of 

Science encompasses several core principles that 

guide the practice and development of scientific 

knowledge (Caramaschi, 2022). These principles 

include the understanding that science is 

empirical, tentative, and evidence-based—

meaning that scientific knowledge evolves with 

new discoveries and is rooted in observation and 

experimentation (Da Silva, 2022). Additionally, 

Maknun (2020) highlights that science is creative, 

involving critical thinking and reasoning to 

explain and solve complex problems. In agreement 

with Maknun, Paavola (2023) argues that science 

is also a social process, where collaboration, peer 

review, and knowledge sharing are vital to 

advancing scientific understanding. 

Pre-service physical science teachers' 

awareness of these NOS tenets allows them to 

better understand how science works and how to 

effectively communicate its dynamic, evolving 

nature to students. By recognizing that science is 

not merely a set of facts, but a method of inquiry 

grounded in logical reasoning and empirical 

evidence, teachers can emphasize the importance 

of critical thinking, inquiry-based learning, and the 

tentative nature of scientific knowledge. 

Furthermore, understanding science's human and 

cultural dimensions—such as how historical and 

social factors shape scientific knowledge—

enables teachers to promote a more inclusive, 

nuanced perspective of science in their classrooms 

(Tran, 2023). Namakula et al. (2024) assert that a 

deeper understanding of NOS ultimately 

empowers pre-service teachers to cultivate 

scientific literacy and adopt a more authentic, 

reflective approach to teaching science. 

Science is empirically based 

Science is fundamentally grounded in 

observing the natural world, with the assumption 

that these observations ultimately determine the 

validity of scientific claims (Tabish, 2024). 

However, Höttecke (2020) notes that scientists 

often lack direct access to many natural 

phenomena. Instead, their observations are 

mediated by their perceptual capabilities and 

advanced instrumentation. These observations are 

then interpreted within the context of complex 

theoretical frameworks, which add additional 

layers of meaning. Amadi (2023) emphasizes that 

science is empirically based, with various 

underlying assumptions shaping the operation of 

scientific tools. These assumptions influence how 

data is gathered, interpreted, and ultimately affect 

our understanding of the phenomena being 

studied. 

Scientific knowledge is tentative yet durable 

Scientific knowledge, while reliable and 

enduring, is not absolute or certain (Kinyota, 

2020). Facts, principles, theories, and laws in 

science are subject to change as new evidence 

emerges, driven by advancements in thought and 

technology (Betz et al., 2023). As new evidence is 

introduced, existing information may be 

reinterpreted considering evolving theories, 
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cultural shifts, or changes in research priorities. 

The inherent tentativeness of science arises not 

only from its inferential and creative nature, which 

is shaped by social and cultural contexts, but also 

from the compelling logical arguments that 

underpin it, as noted by Perk et al. (2020). 

Contrary to popular belief, scientific hypotheses, 

theories, and laws can never be definitively 

proven, regardless of how much empirical 

evidence supports them (Schauer, 2022). For 

example, a scientific law must account for every 

instance of the phenomenon it describes; however, 

as Greenstein (2022) points out, an unknown 

future instance could contradict the law, meaning 

it can never be fully proven. This reasoning 

extends equally to scientific theories. 

There is a difference between scientific theories 

and laws 

Scientific theories are robust, well-

supported, and internally coherent systems of 

explanation (Cartwright et al., 2022). They aim to 

clarify large groups of seemingly unrelated 

observations across various fields. For example, 

the kinetic molecular theory explains phenomena 

such as changes in the physical states of matter, 

chemical reaction rates, and heat transfer. More 

importantly, theories play a pivotal role in 

generating research questions and guiding future 

studies. Typically, scientific theories are based on 

assumptions or axioms and often suggest the 

existence of unobservable entities, making them 

indirect in nature (Fuhse, 2022). Additionally, 

Kuhl (2021) states that theories cannot be tested 

directly; they rely on indirect evidence to support 

their validity. Scientists formulate specific, 

testable predictions derived from these theories 

and compare them with observable data. 

Predictions that align with empirical evidence 

enhance confidence in the theory being tested 

(Hajovsky et al., 2020). 

It is also important to differentiate 

between scientific theories and laws. Laws are 

descriptive statements about relationships among 

observable phenomena (Duc Dat et al., 2024), such 

as Boyle’s law, which describes the relationship 

between gas pressure and volume at a constant 

temperature. In contrast, Ayilimba et al. (2024) 

argue that theories provide inferred explanations 

for these observable phenomena; for instance, the 

kinetic molecular theory explains Boyle’s law. 

Salame and Dong (2021) cautioned that many 

students hold an oversimplified hierarchical view 

of theories and laws, believing that theories evolve 

into laws as evidence accumulates and that laws 

hold greater status than theories. These beliefs are 

misleading. Theories and laws represent different 

types of scientific knowledge, as noted by Recker 

(2021), and one does not transform into the other; 

both are equally valid outcomes of scientific 

inquiry. 

Imagination and creativity play a role in science 

Science is grounded in empirical 

observation (Grossmann et al., 2020), as scientific 

knowledge develops through the process of 

observing nature. However, this process also 

heavily relies on human imagination and 

creativity. Contrary to the common perception that 

science is a purely rational and orderly endeavour, 

it often involves inventing explanations and 

theoretical concepts, which requires significant 

creativity from scientists (Dorji et al., 2022). For 

example, the transition from atomic spectral lines 

to Bohr’s model of the atom, with its complex 

orbits and energy levels, exemplifies this creative 

aspect of scientific thinking (Dias et al., 2024). 

This imaginative component of science, coupled 

with its inferential nature, suggests that entities 

like atoms and species should be understood as 

functional theoretical models rather than exact 

representations of reality. 

Scientific knowledge is theory-laden yet partly 

subjective 

Theory inherently shapes scientific 

knowledge (Kurunarathna et al., 2024). Matthews 

(2024) argues that a scientist’s theoretical 

commitments, beliefs, prior knowledge, training, 

experiences, and expectations all significantly 

influence their work. These background factors 

create a mindset that affects the problems scientists 

choose to investigate, what they observe (and what 

they might overlook), and how they interpret their 

findings. This individual or collective mindset 

underscores the critical role of theory in the 

production of scientific knowledge. Contrary to 

the common belief that science begins with 

completely neutral observations (Tabish, 2024), 

scientific observations and investigations are 
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driven by specific questions or problems emerging 

from theoretical frameworks, which provide 

context and significance to the research. 

Research Gap  

Understanding the nature of science 

(NOS) is fundamental to effective science teaching 

and learning. Research has consistently 

highlighted the importance of equipping pre-

service science teachers with a well-developed 

understanding of NOS to foster scientific literacy 

among students (Khaokhajorn & Srisawasdi, 

2024). However, despite extensive scholarly 

discourse on NOS, gaps remain in how pre-service 

Physical Sciences teachers conceptualize it, 

particularly in diverse educational contexts 

(Valencia, Nuñez & Cofré, 2022). Existing studies 

have primarily focused on in-service teachers’ 

perceptions of NOS, leaving a gap in 

understanding how pre-service teachers—who are 

still forming their professional identities—develop 

their conceptions (Yuan & Lee, 2014). Moreover, 

while research has explored general science 

teachers' views on NOS, limited attention has been 

given to Physical Sciences teachers specifically 

(Chuene & Singh, 2024). This distinction is 

crucial, as the epistemological foundations of 

physics and chemistry often present unique 

challenges in understanding the nature of scientific 

knowledge and inquiry (Topcu, 2013). 

Additionally, studies on NOS 

conceptions in pre-service teachers frequently 

adopt quantitative approaches or rely on 

standardized assessment instruments, which may 

not fully capture the depth and complexity of 

teachers’ evolving understandings (Griful-

Freixenet, JStruyven & Vantieghem, 2021). There 

is a need for qualitative research that explores the 

nuances of how pre-service Physical Sciences 

teachers construct their conceptions of NOS in 

relation to their pedagogical practices and 

experiences in teacher education programs. 

Furthermore, contextual factors such as 

curriculum design, instructional approaches, and 

cultural influences on science education remain 

underexplored in shaping pre-service teachers’ 

NOS conceptions (Alshumaimeri, 2023). 

Investigating these dimensions can provide 

insights into how teacher preparation programs 

can be optimized to enhance NOS instruction in 

science classrooms. This study aims to address 

these gaps by exploring pre-service Physical 

Sciences teachers' conceptions of NOS through a 

qualitative lens, offering a deeper understanding of 

their perspectives and the factors influencing their 

views. Findings from this study will contribute to 

the refinement of science teacher education 

curricula, ensuring that future educators are better 

equipped to teach NOS effectively. 

Conceptual Framework   

The "21st-century skills" framework 

underpins this study, offering a conceptual lens for 

examining the competencies essential for success 

in today’s complex and rapidly changing world. 

According to Namakula et al. (2024), these 

skills—creativity and innovation, communication 

and collaboration, research and information 

literacy, citizenship, and critical thinking—serve 

as a foundational framework for exploring pre-

service physical sciences teachers’ understanding 

of the Nature of Science (NOS). Each of these 

skills plays a crucial role in shaping how pre-

service teachers understand and engage with NOS, 

influencing not only their teaching practices but 

also their ability to cultivate similar 

understandings in their learners. 

 

Figure 1: 21st-century skills" framework 

Creativity and innovation are vital in 

physical science education, as they encourage pre-

service physical sciences teachers to think beyond 

traditional paradigms (Penn, 2022). A deep 

understanding of the Nature of Science (NOS), 

including scientific inquiry processes, 

methodologies, and conceptual foundations, 

empowers pre-service teachers to develop 
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innovative instructional strategies. Suyuti (2024) 

emphasized the importance of fostering an 

environment where creativity can thrive. In such 

an environment, science teachers can better 

engage learners in scientific thinking and problem-

solving, facilitating a dynamic and interactive 

classroom experience. 

Communication and collaboration are 

essential for developing a comprehensive 

understanding of science (Miranda et al., 2021). In 

the context of this study, pre-service physical 

sciences teachers who effectively communicate 

their ideas and collaborate with peers are likely to 

gain a richer, more nuanced perspective on the 

NOS. These skills promote discourse that can lead 

to deeper insights, as pre-service teachers share 

diverse viewpoints and challenge each other’s 

assumptions. Effective communication also 

extends to their future classrooms, where the 

ability to articulate scientific concepts is crucial for 

enhancing learners' comprehension (Vieira & 

Tenreiro-Vieira, 2016). 

Research and information skills are 

integral to studying the NOS, as they encourage 

pre-service physical sciences teachers to engage 

with scientific literature and understand the 

historical context of scientific developments. 

Benedicto et al. (2022) assert that by honing 

research skills, pre-service teachers can critically 

evaluate information, discern credible sources, and 

appreciate the evolution of scientific thought. This 

not only aids in their personal development but 

also equips them to guide learners in becoming 

discerning consumers of information, fostering a 

culture of inquiry and skepticism (Shah et al., 

2024). Citizenship is essential for helping learners 

understand the role of science in society and their 

responsibilities as informed citizens (Tauginienė, 

2020). The NOS encompasses the principles, 

processes, and ethics that define scientific inquiry, 

highlighting science’s impact on society, its ethical 

dimensions, and the responsibility of scientists and 

citizens alike. 

Critical thinking underpins all aspects of 

the 21st-century skills framework. In the context 

of this study, critical thinking is crucial for pre-

service physical sciences teachers to evaluate the 

NOS thoughtfully. This involves questioning 

assumptions, analysing arguments, and 

synthesizing information from various sources. 

Heystek (2021) notes that by fostering critical 

thinking, pre-service physical sciences teachers 

will be better prepared to address complex 

scientific issues and encourage future learners to 

engage in analytical and reflective thought 

processes, promoting a deeper understanding of 

scientific principles. 

Integrating 21st-century skills as a 

conceptual framework in this study on pre-service 

physical sciences teachers' understanding of the 

nature of science offers a holistic approach to 

teacher education programs. By emphasizing 

creativity, communication, research, citizenship, 

and critical thinking, the study highlights the 

essential competencies that will empower future 

physical sciences teachers to effectively teach and 

inspire the next generation of scientists. 

Methods 

Research design 

This study employed a qualitative 

approach, with data collected through a 

phenomenographic method. Phenomenography, as 

defined by Stolz (2020), describes the limited 

number of qualitatively different conceptions that 

individuals may hold regarding a given 

phenomenon. Zayadin (2023) further notes that 

phenomenography adopts a non-dualistic 

perspective, which posits that internal (thoughts) 

and external (real-world) aspects are 

interconnected, rather than isolated. As such, the 

meaning an individual assigns to a phenomenon 

arises from the relationship between the individual 

and the phenomenon itself. The primary aim of this 

study was to explore pre-service physical science 

teachers' understanding of the Nature of Science 

(NOS), making phenomenography an appropriate 

methodological framework. It is important to note, 

however, that the findings of this study are limited 

in terms of generalizability due to the small sample 

size.  

Participants and sampling procedures 

To collect data, ten fourth-year pre-

service physical sciences teachers from a South 

African university were purposively selected and 

interviewed to explore the various ways in which 

they understand the Nature of Science (NOS). All 



 
 Physical Sciences Teachers’ Conceptions and Misconceptions of the Nature of Science 

347 
 

participants were in their final year of the Bachelor 

of Education (B.Ed.) program, specializing in 

Physical Science and Mathematics at the Further 

Education and Training (FET) phase. They had 

received instruction on the NOS during their third 

and fourth years of study. This inclusion criterion 

ensured that all participants shared similar 

educational experiences within the B.Ed. program.  

Data collection 

The semi-structured interview sessions 

were structured around questions derived from the 

Views of Nature of Science-Form C (VNOS-C), as 

proposed by Lederman et al. (2002). The open-

ended nature of the questions allowed participants 

to provide in-depth insights into their 

understanding of the Nature of Science. Each 

interview session lasted approximately 50-60 

minutes, and pseudonyms were assigned to the 

participants to maintain anonymity; for example, 

PST 1 referred to Pre-Service Teacher 1, PST 2 to 

Pre-Service Teacher 2, and so on, up to PST 10. All 

interviews were recorded both visually and 

verbally, with prior consent obtained from the 

participants. The raw data collected were then 

transcribed, labelled, and prepared for analysis. 

Table 1 below outlines the open-ended questions 

used in the semi-structured interviews.

Table 1: Questions about NOS adapted from VNOS-C (Abd-El et al., 2000) and VOSTS (Aikenhead 

& Ryan, 1992) 

1. In your view, what is science? 

2. How is science different from other subjects? 

3. Does the development of scientific knowledge require experiments? Explain your answer. 

4. After scientists have developed a scientific theory (e.g., atomic theory), does the theory ever change? 

explain your answer.  

5. Some claim that science is infused with social and cultural value 

• If you believe that science reflects the social and cultural values, explain 

• If you believe that science is universal, explain your answer 

6. How do scientists know that atoms exist? 

7. Where do you think scientific knowledge comes from? 

8. What can you say about the use of imagination and creativity in science classrooms during practicals 

9. Why do scientists do experiments?   

10. What is the influence of personal beliefs on the perception of scientific inquiry? 

11. What is the role of preservice teachers' conceptions in shaping their approaches to scientific inquiry in 

education? 

Data analysis 

The analysis of data in this study was 

conducted thematically, employing a structured 

coding process to derive meaningful insights from 

participants’ responses. Thematic analysis allows 

for the identification and interpretation of patterns 

within qualitative data, and it was particularly 

well-suited to explore pre-service physical 

sciences teachers' understanding of the Nature of 

Science (NOS). The coding process followed a 

three-stage approach as outlined by De Vos et al. 

(2011), which included open coding, axial coding, 

and selective coding. 

Open Coding was the first step in the 

analysis process, where initial categories and 

themes were identified by breaking down the data 

into smaller, more manageable units. This 

involved closely examining participants' responses 

to the open-ended questions, highlighting key 

phrases, concepts, and ideas that emerged 

naturally from the data. During this phase, the goal 

was to remain open to all possibilities, allowing the 

data to speak for itself without preconceived 

notions or biases. The focus was on identifying 

core concepts and ideas that were prevalent across 

the interviews, such as participants’ understanding 

of scientific inquiry, the nature of scientific 

knowledge, or their views on the tentative nature 

of science. 

Axial Coding followed the initial phase 

and was used to refine and relate the categories 

identified in open coding. This phase involved 

grouping similar codes together to form broader 

themes, thereby providing a more coherent 
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understanding of the data. For example, responses 

related to the process of scientific inquiry, such as 

experimentation and observation, were grouped 

under a theme related to empirical observation. 

Similarly, concepts related to the changing nature 

of scientific knowledge were clustered under 

themes such as the tentativeness of science and the 

influence of new evidence. Axial coding helped to 

establish connections between different categories 

and allowed the researcher to identify relationships 

between them, such as how creativity and critical 

thinking were linked to participants’ understanding 

of scientific inquiry. 

Finally, Selective Coding was the stage in 

which the researcher focused on identifying the 

central themes or categories that best represented 

the participants' collective understanding of the 

Nature of Science. Selective coding involves 

integrating and refining the themes identified 

during axial coding into a narrative that answers 

the research questions. At this stage, the researcher 

selected the most salient and significant themes 

that captured the essence of the participants’ 

perceptions of the NOS. These themes formed the 

backbone of the findings, highlighting key aspects 

such as the relationship between creativity and 

scientific inquiry, the role of communication in 

understanding science, and the impact of 

collaboration on developing a nuanced view of the 

NOS. 

Throughout the entire coding process, the 

researcher remained committed to the principles of 

trustworthiness and rigor. The themes that 

emerged from the coding process were cross-

checked against the data to ensure their relevance 

and accuracy, and any discrepancies or 

inconsistencies were addressed. This process 

provided a comprehensive, nuanced understanding 

of how pre-service physical sciences teachers 

conceptualized the Nature of Science and how they 

might incorporate this understanding into their 

teaching practices. Thematic analysis, through its 

structured yet flexible approach, allowed for an in-

depth exploration of participants' views and 

contributed to the generation of valuable insights 

into science education and teacher development.  

 

 

Ethical Considerations  

Ethical considerations are fundamental in 

ensuring the integrity, credibility, and social 

responsibility of any research study, especially 

when it involves human participants. The study 

aimed to gain insight into how pre-service teachers 

conceptualize the nature of science (NOS) and 

how these conceptions influence their teaching 

approaches. Given that the study involves 

individuals who are part of a specific educational 

group, careful attention was paid to the ethical 

considerations surrounding participant consent, 

privacy, data handling, and the potential impacts 

on the participants and the educational community. 

Informed Consent 

The first and most critical ethical 

consideration in this study was obtaining informed 

consent from all participants. Preservice teachers 

were fully informed about the purpose of the study, 

its objectives, and their role in the research 

process. They were made aware that participation 

was voluntary, and they had the right to withdraw 

from the study at any point without penalty or 

negative consequences. Clear explanations were 

provided about the nature of the data to be 

collected (e.g., interviews), how it would be used, 

and the anticipated outcomes of the research. 

Written consent forms were signed by all 

participants to ensure that their involvement was 

fully voluntary and based on informed 

understanding. 

Confidentiality and Anonymity 

Ensuring the confidentiality and 

anonymity of participants was paramount in this 

study. Identifiable information was not included in 

any of the study's outputs, and all data were 

anonymized before analysis. Participants were 

assigned pseudonyms, and any personal or 

identifying details were removed from the 

transcripts and records to prevent association with 

their individual identities. The research adhered to 

strict protocols for data storage, using encrypted 

files and password-protected devices, ensuring 

that all information was secure and accessible only 

to authorized personnel. This process aimed to 

protect participants from any potential risks related 

to disclosure of their personal beliefs or teaching 

practices. 
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Respect for Autonomy and Non-Coercion 

The study was designed to respect the 

autonomy of participants, ensuring that no 

coercion was used to influence their participation. 

Pre-service teachers were free to decline 

participation without fear of academic or 

professional repercussions. They were also 

assured that their decision to participate—or not 

participate—would not affect their grades, 

evaluations, or relationships with their instructors. 

This approach fostered an environment of mutual 

respect, where participants felt comfortable 

expressing their beliefs and experiences openly. 

Minimization of Harm 

In line with ethical principles of 

beneficence and non-maleficence, the study 

sought to minimize any potential harm or 

discomfort to participants. The research design 

emphasized a non-threatening and supportive 

environment for data collection. During interviews 

and surveys, participants were encouraged to 

express their views candidly without fear of 

judgment or criticism. To avoid causing distress or 

discomfort, sensitive questions were framed with 

care, and participants were reminded that they 

could skip any questions they found 

uncomfortable. Furthermore, participants were 

informed that the results of the study would be 

used solely for educational and research purposes, 

with no direct consequences for their academic 

progression. 

Debriefing and Feedback 

Once the study was complete, 

participants were debriefed and provided with an 

opportunity to ask questions regarding the study's 

findings and their participation. They were given 

feedback on the general outcomes of the research 

and how their contributions had helped improve 

the understanding of pre-service teachers' 

conceptions of the nature of science. This 

debriefing process was designed to ensure 

transparency and maintain trust between the 

researcher and participants. Additionally, any 

misconceptions or misunderstandings regarding 

the study were addressed to ensure that 

participants left with a full understanding of their 

role and the research process. 

Cultural Sensitivity and Inclusivity 

Recognizing the diverse backgrounds of 

the pre-service teachers, the study made a 

concerted effort to be culturally sensitive and 

inclusive. Consideration was given to the cultural, 

socio-economic, and educational contexts that 

may influence participants' views on the nature of 

science. Questions and discussion prompts were 

designed to be neutral and open-ended, ensuring 

that the study did not impose any ideological or 

pedagogical stance on the participants. This 

approach encouraged a broad range of 

perspectives and allowed for a more nuanced 

understanding of how various cultural and 

educational experiences shaped preservice 

teachers' conceptions of science. 

Avoiding Bias and Maintaining Objectivity 

Another key ethical consideration was the 

avoidance of researcher bias in the interpretation 

of data. The study ensured that the researcher's 

personal beliefs or opinions about the nature of 

science did not influence the responses or 

interpretation of the findings. Data were analyzed 

using systematic, objective methods, and efforts 

were made to ensure that the perspectives of all 

participants were treated with equal respect and 

consideration. Triangulation, involving multiple 

data sources, was employed to strengthen the 

credibility and validity of the findings. 

Ethical Use of Results 

Finally, the study was mindful of the 

ethical use of the research results. The findings 

were presented in a way that maintained the 

confidentiality and anonymity of participants, and 

the data were used solely for the purpose of 

contributing to the field of education and science 

teacher training. Any publications resulting from 

the study were carefully crafted to ensure that the 

findings were shared in a way that would benefit 

the educational community while adhering to 

ethical standards. 

In summary, this study adhered to 

rigorous ethical standards to ensure the well-being 

and rights of the preservice teachers involved. By 

obtaining informed consent, ensuring 
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confidentiality and anonymity, respecting 

participants' autonomy, minimizing harm, 

providing debriefing, and being culturally 

sensitive, the research maintained ethical integrity 

throughout the process. These ethical 

considerations were integral to ensuring the 

trustworthiness, transparency, and credibility of 

the study's findings while promoting the 

responsible use of research in the field of science 

education. 

Findings 

The discussion and findings centre 

around the two major themes that emerged from 

the data: participants' views on the Nature of 

Science (NOS) and their understanding of its key 

concepts. These themes represent the core areas 

that shaped the participants’ perceptions of science 

and its role in education.  

Theme 1: Pre-service physical science teachers’ 

conceptualization of NOS 

The data collected reveal that participants 

hold diverse and sometimes conflicting 

conceptions of the Nature of Science (NOS), 

which lack coherence. When asked to explain their 

understanding of the concept, some participants 

articulated views that aligned with contemporary 

perspectives on NOS, while others expressed ideas 

that diverged from these views. For example, 

participants stated: 

“The nature of science is a tool used to 

empower and develop science teachers. Hence 

science is not dependent on our knowledge of 

specific laws and how to apply them, but it depends 

on the ideas and assumptions that relate to 

science, thus indicating the depth of understanding 

science.” PST 1 

The statement from PST 1 highlights that 

scientific understanding is grounded in 

foundational concepts and assumptions, rather 

than simply memorizing laws or facts. This 

viewpoint aligns with key tenets of the NOS, 

which assert that science is a dynamic and 

evolving process driven by creativity, critical 

thinking, and the integration of various ideas. 

Additionally, it reflects the 21st-century skills 

framework, particularly the emphasis on the 

importance of critical thinking. The participant's 

conceptualization supports the NOS principle that 

science is not merely the accumulation of 

knowledge, but an active engagement with the 

scientific method and its philosophical 

foundations, promoting a deeper understanding of 

how science operates in the real world. 

Similarly, PST 2 conceptualizes the NOS 

as a guiding framework for knowledge 

construction, underscoring the significance of 

critical and problem-solving skills. This 

participant highlights the importance of hands-on 

activities, which support active learning and foster 

a deeper connection with scientific principles. 

  

“I understand the nature of science as the 

guidance that fosters understanding of sciences to 

learners and how science is supposed to be taught. 

The nature of sciences it foster critical thinking 

and problem solving. Also, the nature of science is 

characterized by our beliefs and assumptions 

about scientific knowledge and processes. I 

understand that the nature of science gives us ways 

to teach science, and we must not rely on theory. 

We must do hands-on experiments so learners can 

see that theory can be practically done”. PST 2  

Participant PST 2 emphasizes the 

importance of actively engaging learners in the 

scientific process. Their recognition that beliefs 

and assumptions shape the Nature of Science 

(NOS) underscores the need for teachers to reflect 

on their own understandings and biases in the 

classroom. Additionally, the emphasis on hands-on 

experimentation reflects a belief in the value of 

experiential learning, highlighting that scientific 

theories are not mere abstract concepts but can be 

demonstrated and validated through practical 

application. This approach aligns with effective 

science pedagogy, which fosters inquiry-based 

learning and encourages the development of a 

deeper, more contextualized understanding of 

scientific concepts. 

 “The Nature of Science describes the 

essential traits and ideas that characterize 

scientific knowledge and investigation. It includes 

systematically using observation, 

experimentation, and evidence-based reasoning to 

study the natural world.” PST 3  



 
 Physical Sciences Teachers’ Conceptions and Misconceptions of the Nature of Science 

351 
 

This narrative from PST 3 effectively 

captures the core elements of the Nature of Science 

(NOS) by highlighting the essential traits that 

define scientific knowledge and inquiry. The 

emphasis on systematic observation, 

experimentation, and evidence-based reasoning 

reflects the foundational practices that drive 

scientific investigation. This approach reinforces 

the idea that science is not simply a collection of 

facts, but a rigorous process of inquiry aimed at 

understanding the natural world. The participant 

suggests that scientific knowledge is constructed 

through careful examination and analysis, which 

underscores the importance of empirical evidence 

in validating scientific claims. This perspective 

aligns closely with educational goals that foster 

critical thinking, and a deeper understanding of 

how scientific knowledge is developed, validated, 

and applied in real-world contexts. 

“The nature of science defines or 

addresses how we view science according to our 

own personal views and beliefs without consulting 

the scientific knowledge or process.” PST 4  

Participant 4's statement suggests that 

people's understanding of science is often shaped 

by their personal beliefs rather than by the 

objective scientific method. This highlights the 

tension between subjective views and the 

evidence-based nature of science, where 

individuals may interpret scientific information 

through the lens of their own biases, potentially 

leading to misinterpretations or even rejection of 

established scientific knowledge. The narrative 

emphasizes the importance of scientific literacy, 

stressing the need for individuals to engage with 

science based on its core principles of empiricism, 

skepticism, and objectivity, rather than personal 

opinions or selective data. This approach fosters a 

more accurate and comprehensive understanding 

of scientific concepts. 

Theme 2: Nature of science as a tool to foster 

understanding over memorization  

Traditionally, science education has often 

placed greater emphasis on memorizing facts 

rather than on fostering a conceptual 

understanding of the scientific inquiry process. 

However, promoting a deeper understanding of the 

Nature of Science (NOS) encourages critical 

thinking, enhances engagement, and equips 

teachers with the tools to convey the complexities 

of scientific processes to their students. During the 

semi-structured interviews, pre-service teachers 

were asked how their understanding of the NOS 

could help teachers focus on comprehension and 

understanding rather than rote memorization. 

The responses revealed that pre-service 

teachers hold varying views on how the NOS can 

foster deeper understanding. However, it can be 

concluded that their perspectives share similar 

implications for the NOS and 21st-century skills 

framework central to this study. For instance, PST 

7 and PST 10 noted that: 

“As I have mentioned, science enforces 

theories and claims to be proven through 

demonstrations. This enforces or allows teachers 

to open a room for practical sessions to explain the 

reason behind concepts being taught to the 

learners. This allows learners to interact with the 

concepts kinaesthetically, which is the best 

approach to take when understanding is a priority 

of the lesson” PST 7 

“The Nature of Science (NOS) framework 

emphasizes the procedures and methods that form 

the basis of scientific knowledge, which helps 

teachers encourage comprehension over 

memorization. By including NOS in the 

curriculum, teachers can help learners think 

critically about scientific ideas and develop an 

awareness of how scientific knowledge is created, 

verified, and used. This method shifts the emphasis 

from memorization to inquiry-based learning, 

where learners investigate current issues, develop 

theories, conduct experiments, and evaluate data. 

As a result, learners develop deeper cognitive 

skills, such as critical thinking and problem-

solving, which are essential for true 

comprehension” PST 10 

The notion that science relies on theories 

and claims supported by demonstrations aligns 

closely with 21st-century skills, particularly in 

promoting critical thinking, collaboration, and 

hands-on learning, as reflected in the participants' 

responses above. By incorporating practical 

sessions into the science curriculum, teachers 

create opportunities for students to engage with 

kinesthetic concepts, fostering deeper 
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understanding and retention. This experiential 

learning approach encourages learners to think 

critically about scientific principles, formulate 

hypotheses, and conduct experiments—skills that 

are crucial in today’s rapidly evolving world. 

From a more pragmatic perspective, 

participant PST 6 viewed the NOS as a tool that 

helps learners apply scientific concepts to real-life 

situations while also fostering a critical stance 

toward scientific laws and principles that lack 

valid evidence. PST 6 emphasized:  

“The nature of science helps teachers 

reflect on their teaching strategies, whether they 

teach learners to know or understand. So, the 

nature of science is based on understanding rather 

than knowledge. If you understand a certain 

concept, you can easily apply the concept to real-

life situations. This is because all aspects of 

science are supported by valid evidence. It might 

be hard to memorize something that needs you to 

experiment first and then apply your imagination 

and creativity” PST 6 

Another participant highlighted that the 

NOS benefits teachers in teaching science 

effectively and supports learners in becoming 

independent thinkers as they engage in inquiry-

based learning. This approach enables students to 

develop a meaningful understanding of how 

science operates. PST 8 encapsulated this 

perspective by stating:  

“The Nature of Science promotes 

allowing learners to do the work for themselves, 

not to be spoon-fed feed, so in this way, learners 

learn to understand. For example, inquiry-based 

learning encourages learners to investigate and 

find answers independently, hence developing a 

deep understanding of the content or collaborative 

learning, allowing learners to share information 

among themselves and develop their 

communication and teamwork skills. Again, NOS 

says learners should be asked or given real-world 

questions in order for them to be able to apply 

what they have learned in the real-world context” 

PST 8 

The Nature of Science supports a learner-

centred approach, as indicated by the participant 

above, emphasizing the importance of inquiry-

based and collaborative learning. By encouraging 

learners to explore topics independently, they 

deepen their understanding while developing key 

skills such as communication and teamwork 

through peer interactions. Additionally, 

incorporating real-world problems into the 

learning process enables students to apply their 

knowledge in practical contexts, enhancing the 

relevance and impact of their education. This 

approach nurtures critical thinking and problem-

solving skills, effectively preparing learners for 

real-life challenges, as advocated by the 21st-

century skills framework. 

Theme 3: Integration of the nature of science 

into policy documents 

Integrating the Nature of Science (NOS) 

into policy documents is essential for shaping 

science education, as it emphasizes both content 

knowledge and the development of critical 

thinking and inquiry skills. For pre-service 

physical science teachers, understanding NOS 

extends beyond simply learning scientific facts or 

methods; it involves recognizing science as a 

dynamic human endeavour influenced by 

creativity, culture, and societal values. 

When pre-service teachers were asked if 

the Physical Sciences Grade 10-12 CAPS 

document adequately addresses NOS, PST 6 

shared a different perspective. The participant 

noted that some key aspects of NOS are missing, 

making it challenging for learners to relate 

scientific concepts to real-life situations. As PST 6 

expressed:  

The Physical Sciences Grade 10-12 

CAPS document, at least, provides the needs and 

interests of NOSs to some extent through scientific 

inquiry, the role of theories and laws, and 

meaningful empirical evidence for the physical 

connection. The format widely focuses on thinking 

critically and solving problems that students must 

develop to understand the scientific method. 

However, as a guide to the NOS framings, there 

may be an absence of concrete applications and 

real-world contexts that would help boost students’ 

understanding of how science works outside the 

classroom. PST 6 

In agreement with the above assertion 

from PST 6, PST 5 also expressed dissatisfaction, 

stating that NOS is not sufficiently addressed in 
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the curriculum. They highlighted that most topics 

in Physical Sciences are taught in a theoretical 

manner, leaving practical aspects 

underrepresented. This gap, according to PST 5, 

limits students' ability to fully engage with the 

NOS and understand its real-world applications.  

The CAPS document does address NOS 

but not adequately because it only covers some 

aspects as it is theory-based, meaning learners are 

just learning content or theory with few practicals. 

Again, the CAPS assignment does not test or 

measure learners' understanding because most of 

the questions are repeated, meaning learners can 

cram from past papers. So, the CAPS document 

does need to be improved to cover or address the 

NOS adequately. PST 5  

Drawing from the above narratives, 

understanding how pre-service teachers perceive 

NOS is crucial for shaping future curricula and 

teacher preparation programs. Policy documents 

that emphasize NOS can provide a framework for 

teachers to cultivate a more comprehensive view 

of science, ensuring they are not only equipped 

with subject knowledge but also with the 

pedagogical tools necessary to convey the nature, 

limitations, and strengths of scientific inquiry. This 

approach will better prepare teachers to foster 

critical thinking and a deeper understanding of 

how science operates in real-world contexts.  

Theme 4: The Role of Preservice Teachers' 

Conceptions in Shaping Their Approaches to 

Scientific Inquiry in Education 

Scientific inquiry, as a pedagogical 

approach, demands that preservice teachers not 

only understand the procedural aspects of science 

but also grasp the underlying principles that define 

the nature of scientific knowledge. A key 

determinant of how preservice teachers 

conceptualize and teach scientific inquiry lies in 

their personal beliefs and prior knowledge about 

science, particularly the nature of science (NOS). 

Their conceptions influence the way they design 

lessons, interact with students, and guide them in 

developing critical scientific inquiry skills. In this 

discussion, we explore how preservice teachers’ 

conceptions shape their approaches to scientific 

inquiry and highlight the challenges they face in 

bridging theory with practice. 

Influence of Conceptions on Teaching Practices 

Preservice teachers’ conceptions of 

science and scientific inquiry significantly shape 

their instructional practices. Teachers with a 

traditional view of science often emphasize rote 

memorization of facts and procedures, rather than 

fostering a deeper understanding of how scientific 

knowledge is developed. As one preservice teacher 

noted, “I used to think science was all about 

finding answers, but now I realize it's more about 

asking the right questions” (PST 5). This shift in 

perspective can profoundly influence the teaching 

of inquiry-based lessons. When preservice 

teachers view science as a dynamic, evolving 

process, they are more likely to design lessons that 

emphasize investigation, exploration, and 

hypothesis generation, rather than just delivering 

predefined content. 

Additionally, preservice teachers who 

embrace the concept of scientific inquiry as a 

method of learning are better able to facilitate 

student-centred approaches. Inquiry-based 

learning places emphasis on students’ active 

engagement, critical thinking, and problem-

solving. One preservice teacher stated, “I now see 

my role as a facilitator, guiding students as they 

explore, question, and seek answers, rather than 

just presenting them with information” (PST 6). 

This approach fosters an environment where 

students are encouraged to construct their own 

understanding of scientific concepts, thus 

promoting skills that are critical to scientific 

inquiry, such as questioning, reasoning, and 

evaluating evidence. 

Bridging Theory and Practice 

A significant challenge for preservice 

teachers is bridging the gap between theoretical 

knowledge of scientific inquiry and practical 

application in the classroom. Preservice teachers 

often enter teacher preparation programs with 

preconceived notions about the nature of teaching 

and learning. These conceptions can create 

difficulties when trying to align their teaching 

strategies with inquiry-based pedagogies. One 

preservice teacher reflected, “At first, I thought 

inquiry-based learning was just giving students an 

experiment and hoping they figured it out. But I 
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now understand it requires careful planning and 

scaffolding” (PST 8). 

Teacher preparation programs are crucial 

in helping preservice teachers move from 

theoretical knowledge to practical application. 

Preservice teachers must not only understand the 

principles of scientific inquiry but also gain hands-

on experience in implementing inquiry-driven 

lessons. These programs often provide 

opportunities for preservice teachers to observe 

inquiry-based teaching practices, engage in 

discussions with mentor teachers, and design their 

own inquiry lessons. One participant in a 

professional development workshop shared, 

“Seeing inquiry-based lessons in action really 

helped me understand how to implement them 

effectively in my own teaching” (PST 4). Through 

this exposure, preservice teachers gain confidence 

in applying their knowledge in real classroom 

settings, thus helping them overcome the 

challenges of integrating theory with practice. 

Impact of Conceptual Understanding on Student 

Learning 

The conceptual understanding that 

preservice teachers have about scientific inquiry 

also has a direct impact on how they engage 

students in the learning process. Teachers who 

understand the nature of scientific inquiry as an 

evolving process—one that involves critical 

thinking, experimentation, and reflection—are 

better equipped to guide students in developing 

similar skills. As one preservice teacher 

mentioned, “When I understood that science isn’t 

about just finding answers, but about exploring 

and questioning, I became more comfortable 

letting my students explore and make mistakes 

along the way” (PST 7). 

This perspective enables preservice 

teachers to create a classroom environment that 

encourages curiosity and experimentation. By 

fostering an atmosphere in which students feel 

comfortable asking questions and seeking 

solutions, teachers can help cultivate an 

appreciation for the iterative nature of scientific 

inquiry. Students, in turn, develop stronger inquiry 

skills, such as formulating testable hypotheses, 

analysing data, and drawing evidence-based 

conclusions. 

Shifting Conceptions through Professional 

Development 

Professional development plays a vital 

role in helping preservice teachers shift their 

conceptions of science and scientific inquiry. 

Through exposure to evidence-based teaching 

strategies, hands-on experiences, and reflective 

practices, preservice teachers could reframe their 

views about science education. One participant 

shared, “Through this program, I began to 

understand the importance of fostering curiosity in 

students rather than just teaching them facts” 

(PST 3). Professional development opportunities, 

such as workshops, collaborative learning groups, 

and inquiry-based activities, can encourage 

preservice teachers to examine their own beliefs 

and biases. These experiences offer a platform for 

preservice teachers to challenge their assumptions 

about science and refine their understanding of 

inquiry-based teaching practices. As preservice 

teachers engage in reflective practices, they may 

begin to recognize the value of inquiry in fostering 

lifelong learning skills in their students. These 

shifts in thinking are essential for developing 

teachers who are not only capable of teaching 

scientific inquiry but also passionate about 

instilling a love of exploration and critical thinking 

in their students. 

Connecting Personal and Pedagogical Beliefs 

The alignment between preservice 

teachers' personal beliefs about science and their 

pedagogical practices is critical for effective 

science teaching. Preservice teachers who view 

science as a dynamic, evolving process that 

involves questioning, testing, and revising 

knowledge are more likely to adopt constructivist 

teaching strategies that emphasize inquiry. This 

connection between personal and pedagogical 

beliefs creates a coherent framework for teaching 

scientific inquiry in a way that reflects modern 

educational goals, such as fostering critical 

thinking, creativity, and problem-solving skills. 

One preservice teacher explained, “I 

believe science is a journey of discovery, and 

teaching it as an inquiry process makes it more 

engaging for students. It shows them that science 

isn’t just about learning facts; it’s about exploring 

the world and understanding how things work” 
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(PST 6) Interview excerpt). When preservice 

teachers’ personal beliefs align with inquiry-based 

teaching methods, they are more likely to feel 

confident in implementing inquiry-driven lessons 

and creating environments that nurture students’ 

curiosity and scientific thinking. 

In summary, preservice teachers’ 

conceptions about science and scientific inquiry 

are pivotal in shaping their approaches to teaching. 

Their personal beliefs, prior knowledge, and 

evolving understandings influence how they 

design lessons, engage with students, and 

implement inquiry-based teaching strategies. 

Bridging the gap between theory and practice is 

essential for the effective application of scientific 

inquiry in the classroom, and professional 

development programs play a significant role in 

fostering these shifts in conception. By connecting 

their personal beliefs with pedagogical practices, 

preservice teachers can cultivate an inquiry-driven 

learning environment that encourages students to 

question, explore, and critically engage with the 

world of science. 

Discussion  

The study aimed to explore the 

conceptions of pre-service physical sciences 

teachers regarding the Nature of Science (NOS) 

and how these perceptions influence their 

understanding of scientific inquiry and teaching 

practices. The key findings from this study reveal 

both congruence and divergence in participants' 

views, offering valuable insights into the current 

state of NOS understanding among pre-service 

teachers and the implications for science 

education. 

Diverse Conceptions of NOS 

One of the most striking findings was the 

diversity of conceptions regarding the NOS among 

the pre-service teachers. While some participants 

demonstrated a contemporary understanding of 

NOS, characterized by an appreciation for the 

dynamic, evolving, and empirical nature of 

scientific knowledge, others exhibited more 

traditional or incomplete views. For example, 

several participants associated science primarily 

with factual knowledge and theoretical content, 

overlooking the importance of the scientific 

process, inquiry, and the role of creativity and 

human values in scientific practice. These findings 

align with previous studies that highlight a 

mismatch between teachers’ understanding of 

NOS and the more progressive views promoted in 

contemporary science curricula (Lederman et al., 

2002). The diversity in conceptions points to a 

need for targeted interventions in teacher 

education programs, particularly focusing on 

deepening teachers' understanding of the 

epistemological foundations of science, including 

the distinction between science as a process and as 

a collection of facts. 

Emphasis on the Empirical Nature of Science 

A consistent theme across participants' 

responses was the emphasis on the empirical 

nature of science. Many participants noted that 

scientific knowledge is grounded in observation, 

experimentation, and evidence. This conception 

aligns with the principle that scientific knowledge 

is developed through systematic inquiry and is 

subject to revision based on new evidence 

(Lederman & Lederman, 2019). Participants who 

held this view appeared to recognize the 

importance of critical thinking, skepticism, and 

inquiry-based learning in the science classroom, 

which are core elements of 21st-century skills. The 

focus on empiricism also speaks to the potential 

for fostering deeper understanding in students 

when pre-service teachers themselves fully 

appreciate how scientific knowledge is built 

through empirical evidence and experimentation. 

However, this focus was sometimes narrowly 

framed, with limited discussion of the social, 

cultural, and ethical dimensions of science—key 

aspects of a holistic NOS view. 

Lack of Awareness of the Tentative Nature of 

Science 

Another important finding was the 

limited recognition of the tentative nature of 

science among some participants. Although the 

NOS framework highlights that scientific 

knowledge is provisional and subject to change, 

this concept was not fully integrated into many 

participants' responses. Some pre-service teachers 

struggled to understand how scientific knowledge 

evolves and is influenced by new findings, 

historical context, and social values. This lack of 

understanding is concerning because it can affect 
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how pre-service teachers approach teaching 

science. Without a clear understanding of science 

as a dynamic, evolving field, teachers may present 

scientific knowledge as static and unchangeable, 

potentially stifling students' critical thinking and 

their ability to engage with science as an ever-

evolving discipline ((Lederman & Lederman, 

2019). 

The Role of Creativity and Critical Thinking 

In line with the 21st-century skills 

framework, a significant number of participants 

emphasized the importance of creativity and 

critical thinking in science education. These pre-

service teachers recognized that science is not only 

about learning established facts but also about 

engaging students in the process of scientific 

inquiry, problem-solving, and creative thinking. 

For example, participants who viewed NOS as 

fostering critical thinking tended to support 

inquiry-based and hands-on teaching strategies 

that encourage students to question, experiment, 

and explore scientific concepts in a more 

interactive and engaging manner. This finding is 

particularly significant because it suggests that 

pre-service teachers who embrace the role of 

creativity in science teaching are more likely to 

foster dynamic learning environments that mirror 

the real-world processes of scientific discovery. 

Incorporating these skills into teacher education 

programs can better prepare future educators to 

inspire their students to think critically and engage 

actively with scientific concepts (Varas et al., 

2023). 

Disconnect Between NOS and Curriculum 

Frameworks 

Another key finding emerged from 

discussions on how the NOS is integrated into 

national curriculum frameworks, particularly the 

South African CAPS (Curriculum and Assessment 

Policy Statement) for Physical Sciences. 

Participants expressed mixed opinions about 

whether the NOS is adequately represented in the 

curriculum. Some felt that the curriculum 

framework focuses too heavily on theoretical 

content, with insufficient emphasis on the 

scientific process, inquiry, and the contextual and 

ethical dimensions of science. This gap in the 

curriculum is troubling, as it suggests that pre-

service teachers may not be fully equipped to teach 

NOS effectively unless the curriculum explicitly 

integrates these concepts. Some participants, 

however, did see the value of inquiry-based 

learning and the integration of NOS principles in 

curriculum design. They suggested that an 

increased focus on practical experiments and real-

world scientific problems would provide learners 

with a more comprehensive understanding of 

NOS. This highlights a disconnect between policy 

and practice, with implications for both curriculum 

development and teacher preparation programs 

(Romijn, Slot & Leseman, 2021). 

The Evolving Role of Preservice Teachers' 

Conceptions in Shaping Inquiry-Based Science 

Education  

The role of preservice teachers' 

conceptions in shaping their approaches to 

scientific inquiry in education was a critical area 

of focus in teacher education, as these conceptions 

influenced how future educators approached 

teaching and learning in science classrooms. 

Preservice teachers entered their training with pre-

existing ideas and beliefs about science, scientific 

inquiry, and how knowledge was constructed. 

These beliefs were often shaped by their personal 

experiences with science education, cultural 

background, and exposure to various teaching 

methods. 

Scientific inquiry, which emphasized 

questioning, experimentation, observation, and 

evidence-based reasoning, was a fundamental 

approach in science education. However, how 

preservice teachers perceived and understood this 

process significantly impacted their ability to 

implement it effectively in their future classrooms. 

Teachers with a limited or rigid understanding of 

scientific inquiry relied on traditional, teacher-

centred methods, focusing on rote memorization 

and passive learning. In contrast, those with more 

sophisticated conceptions of inquiry-based 

learning were likely to engage students in active, 

student-centred practices that encouraged 

exploration, critical thinking, and problem-

solving. 

Conceptions of scientific inquiry were 

not static; they evolved over time through 

experience, reflection, and professional 
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development. Preservice teachers' engagement 

with inquiry-based activities during their training 

challenged and refined their initial conceptions, 

fostering a deeper understanding of the inquiry 

process. When preservice teachers actively 

participated in hands-on scientific inquiry, they 

began to see it not just as a set of techniques, but 

as a mindset that encouraged curiosity and critical 

thinking. 

In addition, preservice teachers' 

conceptions were influenced by the models of 

inquiry they encountered during their training. For 

example, exposure to constructivist teaching 

methods that emphasized student-led inquiry 

helped preservice teachers adopt more progressive 

views of science teaching. Conversely, if their 

training focused primarily on more conventional, 

didactic models, preservice teachers struggled to 

envision how inquiry could be integrated into their 

future classrooms. 

Reflecting on and discussing their 

conceptions of scientific inquiry in professional 

learning communities or during mentor-guided 

sessions was also instrumental in shaping 

preservice teachers' approaches. These reflective 

practices allowed preservice teachers to confront 

misconceptions and gain insights into how 

scientific inquiry could be used to foster a deeper 

understanding of science concepts. 

Ultimately, preservice teachers' 

conceptions played a pivotal role in determining 

the ways they approached scientific inquiry in 

their classrooms. A shift towards more open, 

inquiry-based practices required both the 

development of conceptual understanding and the 

application of these concepts in real-world 

teaching scenarios. By fostering these conceptions 

during teacher education programs, educators 

were able to better prepare preservice teachers to 

integrate inquiry as a powerful pedagogical tool, 

enhancing both teaching effectiveness and student 

learning in science. 

The key findings of this study emphasize 

the importance of addressing the diverse and 

sometimes incomplete conceptions of NOS among 

pre-service physical sciences teachers. A more 

nuanced understanding of science as a dynamic, 

evolving, and socially situated endeavour is 

essential for fostering a generation of teachers who 

can effectively teach scientific inquiry and critical 

thinking skills. Teacher preparation programs must 

continue to integrate NOS principles in a more 

deliberate and comprehensive way, ensuring that 

pre-service teachers are equipped with the 

knowledge and pedagogical strategies to teach 

science not only as a body of knowledge but as a 

process of inquiry and discovery. Additionally, the 

integration of NOS into curriculum frameworks 

must be strengthened to bridge the gap between 

theory and practice in science education. 

Conclusion 

This study has provided valuable insights 

into the conceptions of pre-service physical 

sciences teachers regarding the Nature of Science 

(NOS). The findings reveal that while some 

participants demonstrated an understanding of 

NOS consistent with contemporary views of 

science, others exhibited misconceptions or 

limited conceptions. These varied perceptions 

highlight the need for a more comprehensive and 

integrated approach to NOS within teacher 

preparation programs. The study emphasized the 

importance of incorporating NOS into curricula, 

not just as a set of facts or methods, but as a 

dynamic, evolving process shaped by creativity, 

societal influences, and critical inquiry. Drawing 

from these findings, teacher preparation programs 

must adopt practical instructional strategies that 

can address the diverse conceptions of NOS 

among pre-service teachers. To ensure these 

teachers develop a more robust understanding of 

NOS, curriculum content could be enriched with 

opportunities for pre-service teachers to engage in 

inquiry-based learning. For example, integrating 

case studies that explore the evolution of scientific 

ideas, conducting experiments that highlight the 

nature of scientific inquiry, or facilitating 

discussions on how science is shaped by social, 

political, and cultural contexts would deepen their 

comprehension of NOS as an ongoing, dynamic 

process. 

Aligning NOS with 21st-century skills, 

such as critical thinking, creativity, collaboration, 

and inquiry, can help teacher preparation programs 

better equip pre-service teachers to engage 

students in scientific thinking and problem-

solving. Specifically, pre-service teachers could be 
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encouraged to design lessons that foster student 

inquiry and collaboration, allowing students to 

actively participate in the construction of scientific 

knowledge. Furthermore, more emphasis should 

be placed on hands-on, experiential learning to 

bridge the gap between theoretical knowledge and 

practical application, ensuring that future 

educators are not only familiar with NOS but can 

also teach it in a way that engages students with 

real-world scientific challenges. 

The research further suggests that 

educational policies and curriculum frameworks 

must prioritize NOS in science education to 

effectively prepare future teachers. Such an 

emphasis will enable pre-service teachers to 

nurture scientifically literate students capable of 

critically engaging with the world around them. By 

incorporating these NOS-focused strategies into 

teacher preparation programs, educators will be 

better equipped to cultivate a generation of 

learners who can apply scientific principles to 

address the complex challenges of the 21st 

century. Ultimately, the findings of this study 

reinforce the need for a well-rounded, practical 

approach to NOS instruction, which will better 

prepare pre-service teachers to integrate NOS into 

their classrooms and teach science in a way that 

promotes critical thinking, inquiry, and innovation. 

Recommendations 

Based on the findings of this study, 

several critical recommendations are made to 

enhance the understanding of the Nature of 

Science (NOS) among pre-service physical 

sciences teachers and improve science teacher 

preparation programs: 

Deeper Integration of NOS in Teacher Education 

Programs 

The study underscores the need for 

explicit and continuous instruction on NOS 

throughout teacher training. Curricula should not 

only cover subject content but also emphasize the 

philosophical foundations of science, its 

limitations, and its evolving nature. This would 

help pre-service teachers appreciate science as a 

dynamic process shaped by creativity, societal 

influences, and critical inquiry. 

Adoption of Inquiry-Based and Experiential 

Learning Strategies 

Teacher preparation programs should 

adopt more hands-on, inquiry-based approaches to 

teaching NOS. This would allow pre-service 

teachers to engage directly in scientific inquiry, 

fostering critical thinking, problem-solving, and a 

deeper understanding of the scientific process. 

Programs should equip teachers with the skills to 

guide students in understanding how scientific 

facts are derived, tested, and refined through 

inquiry. 

Ongoing Professional Development to Address 

Misconceptions 

Given that some pre-service teachers hold 

misconceptions about NOS, professional 

development opportunities such as workshops or 

reflective activities should be incorporated into 

teacher education programs. These opportunities 

should focus on addressing common 

misconceptions and helping teachers align their 

understanding with contemporary views of 

science. 

Policy Revisions to Strengthen NOS in 

Curriculum Frameworks 

The study highlights the need for better 

integration of NOS in national curriculum 

guidelines, such as South Africa's CAPS for 

Physical Sciences. Policymakers should revise 

curriculum frameworks to ensure that NOS is 

explicitly addressed across all levels of science 

education, providing teachers with the necessary 

tools to help students connect scientific concepts 

to real-world applications. 

Encouragement of Collaborative Learning and 

Reflective Practices 

Pre-service teacher programs should 

foster collaborative learning environments where 

teachers can share ideas, challenge assumptions, 

and engage in critical discussions about NOS. 

Reflective practices, where teachers assess their 

own understanding of NOS and teaching 

experiences, should also be incorporated to deepen 

their understanding and enhance instructional 

quality. 
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Further Research into NOS Conceptions 

The study reveals diverse conceptions of 

NOS among pre-service teachers, indicating the 

need for further research to investigate the factors 

influencing the development of these conceptions. 

Longitudinal studies and research on the impact of 

different instructional strategies on NOS 

understanding would provide valuable insights for 

improving NOS teaching practices. 

In summary, integrating NOS more 

deeply into teacher education programs, aligning it 

with experiential learning, and supporting 

professional development can better prepare pre-

service teachers to foster scientific literacy in their 

students. By making these changes, teacher 

education programs can ensure that future 

educators are equipped to teach science as an 

evolving process, grounded in creativity and 

critical inquiry. 
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