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ABSTRACT
This study investigates in-service science teachers’ perceptions of the nature of science. The survey method was employed for exploring science teachers from one school in Chaiyaphum province, Thailand. Data were collected through questionnaires from 44 in-service science teachers. Quantitative findings revealed that they have a moderately positive and informed understanding of scientific concepts and practices. Science deals with technology and society. NOS instruction should be sustained professional development, and supportive teaching environments are essential to help teachers integrate NOS more authentically into science classrooms.
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1. INTRODUCTION

[bookmark: _Hlk212625315]A contemporary education can derive solutions from hands-on and mind-on learning activities. Teachers are a key role to assisting students in fulfilling their needs and realizing their true potential in learning process. The rapid progression of artificial intelligence has profoundly altered the educational environment. That is, it affects both pedagogical approaches and the intellectual underpinnings of science education. The educational methodologies challenge conventional perceptions of the essence of science. It is an essential element of scientific literacy that includes the philosophy, methodologies, and principles of scientific investigation (Lederman, 2007). Modern classrooms increasingly require educators to manage the convergence of scientific knowledge and digital technology which mimics, models, and forecasts natural occurrences. This transition prompts critical inquiries regarding teachers' perceptions of the nature of science.

[bookmark: _Hlk212625364]The understanding of in-service teachers' perspectives of nature is concerned. Teachers serve as intermediaries between scientific knowledge and student learning in the different learning environments. Science teachers can facilitate hands-on activities using various methods, including integrated mind-on approaches. Their convictions affect the pedagogy of science and the students' understanding of scientific methodologies (Abd-El-Khalick & Lederman, 2000). The convictions are not only shaping the curriculum but also help students engage with scientific concepts. It can foster a deeper appreciation for the science subject. 

[bookmark: _Hlk212625374][bookmark: _Hlk212627396][bookmark: _Hlk212627413]The perception of in-service teachers on the nature of science may impede success in the science classroom and learning outcomes (Ayilimba et al., 2024).  A survey revealed that 80% of in-service science teachers possessed a naïve level whereas just a fraction exhibited educated opinions (Ayilimba et al., 2024).  Moreover, the perception of the nature of science is influenced by educational histories with participation in continuous professional development being essential for fostering profound comprehension (Chuene & Singh, 2024). The incorporation of epistemological elements of science into teacher training is crucial. It improves pedagogical topic understanding and fosters reflective practices, and it can alter classroom dynamics for students and science education (Araujo et al., 2024).  Integrating beliefs and practices requires a deliberate effort to synchronize instructors' understandings of the nature of science with modern teaching methodologies.

[bookmark: _Hlk212627426]In-service teachers' perceptions about the nature of science demonstrate a more nuanced understanding of its provisional characteristics (Ayilimba et al., 2024). Moreover, teachers' understanding and favorable attitudes towards AI indicate a willingness to integrate these technologies. An inadequate training and educational infrastructure may be influenced to pedagogical practices (Nugroho et al., 2024). Understanding NOS is essential for developing scientifically literate citizens and effective science educators (Prachagool & Nuangchalerm, 2019). The finding helps teacher education programs integrate NOS into pedagogical practices. This study investigates in-service teachers’ perceptions of the nature of science. The finding can provide a perspective of curriculum design, teacher education, and policy development in the science classroom.

2. RESEARCH METHODOLOGY

2.1 Research Design
This study adopted a descriptive-based survey design to explore in-service science teachers about nature of science. The survey was chosen to collect their belief and practices in the science classroom. 

2.2 Participants
The participants consisted of 44 in-service science teachers who have been working from secondary school, Chaiyaphum province, Thailand. The characteristics of respondents can be provided in Table 1. They are free participated in the first semester of the 2025 academic year. 

Table 1. The information of respondents

	Information
	n
	%

	Gender
	
	

	     Male
     Female
	29
15
	65.91
34.09

	Teaching experience
	
	

	     0-5 yrs.
     6-10 yrs.
     11-15 yrs.
     16-20 yrs.
     More than 20 yrs.
	6
10
7
17
4
	13.64
22.73
15.91
38.64
9.09

	Educational level
	
	

	     Bachelor degree
     Master degree
     Doctoral degree
	25
18
1
	56.82
40.91
2.27



Table 1 presents the demographic characteristics of the respondents involved in the study. The information can provide details regarding gender, teaching experience, and educational level.  Of the responders, 29 were male (65.91%) and 15 were female (34.09%).  The predominant cohort of respondents possessed 16-20 years of teaching experience (38.64%), succeeded by those with 6-10 years (22.73%), 11-15 years (15.91%), 0-5 years (13.64%), and above 20 years (9.09%).  Teachers possessed a bachelor degree (56.82%), followed by those master degree (40.91%) while a minimal percentage held a doctoral degree (2.27%).

2.3 Research Instrument
The research instrument is an in-service science teachers’ perception about nature of science questionnaire. The questionnaire consists of 3 components, 26 questions and a 5-point Likert-rating scale. The quality of research instrument was validated by 5 experts. The index of congruence rang 0.60-1.00. The questionnaires were revised based on qualitative comments and then performing all items through Google Forms. A 5-level estimate scale, ranging from the strongly agree to the strongly disagree levels. In the second part of the survey, an open-ended questionnaire was used to collect free opinions. 

2.4 Data Collection 
The researchers collected data through online survey during September 2025. The data can be analysed by using basic statistics, including mean and standard deviations, and then compared the average scores obtained components. The level of perception can be calculated and interpreted mean ranges: Strongly Disagree (1.00-1.50), Disagree (1.51-2.50), Neither Agree nor Disagree (2.51-3.50), Agree (3.51-4.50), and Strongly Agree (4.51-5.50). Data were analysed by checking the missing values and outliers. Data were computed to summarize level of perception. ANOVA was employed to explore the differences. If the result of hypothesis testing answers the presence of significant differences, further post-hoc tests are required. 

3. RESULT
The results showed a generally positive and informed perception of the nature of science among teachers. It is particularly recognized in its tentative, empirical, and socially relevant nature. However, requiring further conceptual development includes understanding the creative processes in science, distinguishing science from technology, and appreciating the ethical and cultural contexts influencing scientific inquiry (Table2).

Table 2. Level of perception about NOS

	No
	Item
	Mean
	SD
	Level of perception

	1
	Science is the knowledge that explains concrete things, natural phenomena and things around us
	4.82
	0.39
	Strongly Agree

	2
	Scientific natural phenomena often have a definite and understandable pattern
	4.25
	1.08
	Agree

	3
	Scientific knowledge can change; If there is more evidence that can explain the previous knowledge
	4.84
	0.37
	Strongly Agree

	4
	We often remember and apply scientific laws because they are absolutely correct, have been verified countless times, and cannot be changed
	3.14
	1.53
	Neither Agree nor Disagree

	5
	We can use the scientific process to judge or decide which paintings are the most beautiful
	2.41
	1.57
	Disagree

	6
	There are still some phenomena and stories that happen to our planet that have not yet been verified using the scientific method
	4.64
	0.75
	Strongly Agree

	7
	Scientists are trying to explain and predict various phenomena as accurately as possible; Even the scientist knows that cannot explain everything correctly
	4.09
	1.10
	Agree

	8
	Scientists use their scientific knowledge to explain and predict various phenomena under the available evidence
	4.70
	0.59
	Strongly Agree

	9
	Scientific knowledge is reliable when there is sufficient evidence and witnesses to support it
	4.77
	0.42
	Strongly Agree

	10
	Scientists do not use imagination and creativity in the pursuit of knowledge
	3.25
	1.60
	Neither Agree nor Disagree

	11
	Scientists only use creativity to design, innovate and invent tools
	2.84
	1.54
	Neither Agree nor Disagree

	12
	Science cannot explain everything about the world and how it is, but science can predict what will happen to our planet
	4.02
	1.17
	Agree

	13
	Scientists will conduct several experiments to reduce potential errors in experiments
	4.75
	0.49
	Strongly Agree

	14
	Scientists must be vigilant and eliminate potential biases in data interpretation
	4.68
	0.60
	Strongly Agree

	15
	Personal opinions that come from racial differences gender, age, beliefs, or previous experiences; It does not affect the work of scientists
	3.86
	1.30
	Agree

	16
	All scientists seek scientific knowledge using the same methods; There is a clear sequence of steps
	3.70
	1.37
	Agree

	17
	Scientific knowledge must only be obtained through experiments
	2.59
	1.42
	Neither Agree nor Disagree

	18
	Scientific knowledge or invention is only the work of scientists; The needs of society and the culture of the community have no effect or involvement
	2.52
	1.55
	Neither Agree nor Disagree

	19
	Scientists often work alone in the laboratory; If it is done by many people, it will be difficult to conclude the results of the experiment
	2.11
	1.42
	Disagree

	20
	Scientists play a role in society, that is, they are experts in bringing knowledge, understanding, and analytical thinking skills to explain to society the events that occur
	3.32
	1.47
	Neither Agree nor Disagree

	21
	Scientists must disseminate their scientific discoveries and have other scientists verify their discoveries in order to contribute to the development of scientific knowledge
	4.36
	0.97
	Agree

	22
	Scientists study, research, and research with more in mind what is useful than considering moral and ethical correctness
	3.14
	1.62
	Neither Agree nor Disagree

	23
	Science and technology are the same thing
	3.80
	1.27
	Agree

	24
	Science and technology have an effect on society, and on the other hand, society has an effect on science and technology
	4.43
	0.82
	Agree

	25
	 Scientists work in laboratories; The needs of people in society do not affect the work of scientists
	2.86
	1.58
	Neither Agree nor Disagree

	
	Average
	3.76
	1.46
	Agree



The findings revealed that respondents possess a moderately positive and informed understanding of scientific concepts and practices. However, the differences between individual items show that people have different levels of understanding of the tentative, empirical, creative, and social aspects of science. They understand the empirical and tentative nature of science. Respondents were in strong agreement that science can explain real things and natural events, and that scientific knowledge can change when new evidence comes to light. Similarly, agreement that some phenomena have not yet been scientifically verified further demonstrates awareness that science is a continuously evolving process, not an absolute truth.

Respondents strongly concurred that scientific knowledge is dependable when substantiated by adequate evidence and that scientists perform repeated experiments to minimize errors. The agreement that scientists must eliminate potential biases reflects an understanding of the importance of objectivity in scientific practices. They were neutral regarding whether scientists use imagination and creativity and only use creativity to design tools. However, science cannot explain everything but can predict natural events. Strong agreement that scientists disseminate their discoveries for peer verification aligns with the understanding that peer review and communication are essential for the progress of science. But neutral responses to statements such as “Scientists consider usefulness more than ethics” and “Society’s needs do not affect science.” While some recognize societal relevance, others may not fully grasp the ethical dimension in scientific decision-making. Nonetheless, their strong agreement that science and technology both affect and are affected by society needs more contextual and integrated understanding consistent with social interaction perspectives.

4. DISCUSSION
[bookmark: _Hlk212632464]Respondents have a strong grasp of the empirical and tentative nature of science. Science explains natural phenomena, scientific knowledge evolves with new evidence. Scientific knowledge is subject to revision based on emerging data and improved methodologies. Abd-El-Khalick & Lederman (2000) emphasized the recognizing the dynamic and self-correcting character of science is a central component of NOS. Moreover, respondents are aware that some phenomena have not yet been scientifically verified. The respondents unanimously agreed that scientific knowledge is dependable when supported by sufficient evidence (Nuangchalerm et al., 2024). Scientists repeat experiments to minimize errors, which underscores a belief in the systematic and reliable nature of science. This aligns with the argument of Osborne et al. (2003) that scientific inquiry requires rigorous validation and peer verification to ensure accuracy and credibility. 

[bookmark: _Hlk212632476][bookmark: _Hlk212632489][bookmark: _Hlk212632502]Despite their understanding of scientific reliability, participants were neutral regarding the use of imagination and creativity in scientific processes. This neutrality suggests that respondents may still perceive science as a strictly logical and procedural endeavor. The absence of strong agreement on this aspect may reflect the traditional image of scientists as purely rational rather than imaginative thinkers. Teachers also acknowledged science cannot explain everything (Safkolam et al., 2023). But it remains effective in predicting natural phenomena. This awareness demonstrates a realistic and balanced perspective toward the scope of scientific knowledge (Allchin, 2011). The findings further reveal that respondents strongly agreed that scientists should disseminate their discoveries for peer review and verification. This view is consistent with the idea that science advances through communication, critique, and the shared validation of findings within the scientific community (Longino, 1990). However, respondents' neutral responses hold uncertain or incomplete views about the ethical and societal influences on scientific inquiry. While some participants recognize that science serves human needs, others may overlook the moral and cultural dimensions that shape scientific decisions (Hodson, 2014; Pitpiorntapin & Topcu, 2016). 

[bookmark: _Hlk212632515]Respondents’ strong agreement that science and technology both affect and are affected by society. highlights an awareness of the interdependent relationship between scientific advancement and social development. Cultural, economic, and social factors both influence and shape scientific progress (Bybee, 2013). Nevertheless, the findings suggest that while respondents acknowledge this interconnection. These findings suggest the importance of incorporating explicit-reflective instruction on the nature of science in science education programs. Horwich (2024) explored that scientific revolutions transform not just theories but the very world scientists inhabit. The results of observation and theory are intertwined, and the nature of science must be understood as much philosophically and historically as empirically. Education might want to shape thinking about science, its growth, and its role in culture and society. Such approaches can help students appreciate science not only as a method of discovering knowledge but also as a human and socially embedded enterprise guided by evidence, creativity, and ethical considerations.
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