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This study explores Bhutanese in-service science teachers’ conceptions of the nature of science (NOS) 

by using the Understanding Nature of Science (UNOS) questionnaire. The 15, two-tiered items focus on 

study may inform the relevant stakeholders about the current state of the in-service science teachers 

understanding of NOS and suggest further research in better understanding how Bhutanese teachers 

model NOS in their classroom teaching. 
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Because of advancements in science and 
technology, one of the principal goals of science 
education today is the production and promotion 

prepare individuals to contribute in a rapidly 

literacy (Tairab, 2001). In fact, at the core of such 
a mission is understanding the tenets of the Nature 
of Science (NOS) (American Association for the 
Advancement of Science, 1993; Lawson, 2000). 
In other words, the NOS has been the focus of 
emphasis in science education for science educators 

& Lederman, 2003). 
Consequently, interest in teaching about the 

NOS is apparent in curriculum guidelines in a 

number of countries (Driver, Learch, Millar, & 
Scott, 1996). Science education in general has 
started to embrace a paradigm shift from teacher-
centered learning to an inquiry-based instruction. 
This mandates that science teachers not only teach 
in a manner consistent with the current views 

the NOS (Bell & Lederman, 2003). 
However, teachers themselves generally do 

not have informed conceptions of the NOS and 
are typically unable to articulate an adequate 
understanding of this elusive construct (Lederman, 
1992). Despite having students understand the 
NOS being a perennial goal of science education 
and advocated as a critical educational outcome by 
various science education reform across the globe, 



enterprise means that general citizens possess 
inadequate views of the NOS (Lederman, 2007). 

When teachers possess an inadequate 
understanding of the NOS, their failure to teach 
what they do not know to their students is likely 
to create and pass on their misconceptions, 
thereby threatening the quality science learning. 
Teachers as instructional gatekeepers require a 
clear understanding of the NOS to educate students 
and transform them into informed consumers of 

in responsible decision-making processes and 
appreciate science as a part of contemporary 
culture (Driver et al., 1996). 

Acknowledging the complex and varied 
consensus on the NOS, it was clear that exploring 
and understanding the views held by in-service 

underpinning for documenting their views and 
beliefs. Thus, the central focus of this study, which 

is to explore Bhutanese inservice science teachers’ 
conceptions of the NOS. 

The Nature of Science 

along with its characteristics, has been studied, 
there is no clearly drawn, concrete conclusion on 

is so diverse that there is no single or universal 

and enterprises (Buaraphan, 2012; Schwartz & 

NOS may be accredited to its complex construction 

However, even if there are disagreements 

philosophers of science, historians of science, 
scientists, and science educators (Lederman & 
Lederman, 2004), typically, the NOS refers to the 
epistemology and sociology of science, science 
as a way of knowing, or the values and beliefs 

Lederman & Abd-El-Khalick, 2002; Shim, Young, 
& Paolucci, 2010). Lederman (1992) delineates the 

knowledge and its development. In fact, McComas, 
Clough, and Almazroa (2002) considers the NOS 

to be a more encompassing phrase to describe the 

they assert: 
[the] nature of science is a fertile hybrid arena, 

which blends aspects of various social studies 
of science including the history, sociology, and 
philosophy of science combined with research from 
the cognitive sciences such as psychology into a 
rich description of what science is, how it works, 
how scientists operate as a social group and how 

endeavors (p.4). 
With science as a part of the general education 

that prepares students for their life, the primary 
function of understanding the NOS is to improve 

understanding of science (Driver et al., 1996). 
Understanding both the students and the teachers 
understanding of the NOS is a high priority for 
science education and its related studies. 

At the general level, Driver, Leach, Millar, and 

understanding the NOS as stated below is worth 
considering: 

Utilitarian: Understanding science to 
manage the technological objects and 
processes encountered in everyday life. 

Understanding the NOS is 
necessary for informed decision making 

Cultural: Understanding the NOS is 
necessary to appreciate the value of 
science as part of contemporary culture. 
Moral: Understanding the NOS helps 
develop an understanding of the norms 

moral commitments that are of general 
value to society. 
Science Learning: Understanding the 
NOS facilitates the learning of science 
subject matter. 

The NOS in Teaching Science 
If development of learners’ understanding of the 

NOS is considered an important aspect to discuss in 
science education, it would be valuable to identify 

et al., 1996). Students enter the classroom with 



not only prior conceptions of science content and 
processes but also with their own understanding 
of the NOS. Those conceptions that originate from 
their prior experiences are often resistant to change 
(Rudge & Howe, 2009). Thus, the understanding 
of the NOS by students and teachers continues to 
be a high priority for science education and science 
education research (Lederman, 2007). 

It is the teachers’ conceptions of the NOS that 

classroom environment (Lederman, 2007). But 
due to the absence of tested materials, teachers 
have challenges in integrating the NOS explicitly 
into their science lessons (Abd-ElKhalick & 
Akerson, 2004). Also, when philosophy of science 
content is missing in teacher education programs 
for preservice teachers or the NOS in textbooks 
is shallow, misconceptions of science is likely 
to occur (McComas, 1998). The impoverished 
understanding of the NOS by science teachers, 
in some cases, often lets them believe that the 
methods used by the scientists are less problematic 

the NOS in science education, many educational 
systems have in varying degrees adopted and 
integrated the NOS knowledge standards into their 
curriculum framework. 

Teacher Conceptions of the NOS 

education, having students know about the 
NOS has been a critical educational outcome 
of numerous global science education reform 
documents (Lederman, 2006; Peters, 2012). Driver 
et al. (1996) asserts that understanding the NOS is 

require an adequate understanding of the NOS and 
the capacity to embed the NOS into their daily 
classroom teaching. 

But the extant literature has used different 
methods and instruments and indicates that the in-
service science teachers’ conceptions of the NOS 
are inadequate, mixed, and lack coherence (Abd-
El-Khalick & BouJaoude, 1997; Buaraphan, 2010; 
Dogan & Abd-El-Khalick, 2008; Lederman, 1992, 
2007); traditional (Ajaja, 2012; Iqbal, Azam, & 
Rana, 2009; Shah, 2009); traditional and mixed 

conceptions of the NOS (Lederman, 2007; Sangsa-
ard & Thathong, 2014). 

The convergent aspects of the NOS that have 
been widely expounded in the literature comprises 
but are not limited to the following factors:  

1. 
and theory-laden but tentative,  

2. 
theories and laws,  

3. there is no universal, recipe-like method to 

4. the work of scientists is a product of 
imagination and creativity, and  

5. 
culturally embedded (Lederman, 1992; 

Lederman, Abd-El-Khalick, Bell, & Schwartz, 
2002; McComas, 1998; Peters, 2012). 

in the Understanding of the Nature of Science 
(UNOS) questionnaire administered in this study. 
These convergent aspects of the NOS are similar to 
many of those in the extant studies that explore the 
understanding on how preservice science teachers 
comprehend and view the NOS. 

The Context of the Study 
Bhutan is a small Himalayan kingdom located 

between China to the north and India to the south, 
east, and west. It has its own educational system, 
curriculum framework, and science curriculum 
in particular. 

Science education is considered indispensable 
for every citizen in Bhutan as the wellbeing and 

possess (Department of Curriculum Research and 
Development, 2012). The teaching of science in 
Bhutan initially started with the New Approach 
to Primary Education (NAPE) system, which 
emphasized the learning of science in our own 
context. However, after having serious concerns 
with the lack of content in the science curriculum, 
all the science textbooks were carefully revised. 

The revision of the science curriculum was 



interest, and passion in Bhutanese students so 
they can prepare to pursue in the future any 
endeavor and career opportunities related to 
science (Department of Curriculum Research and 
Development, 2012). While the revision in the 
Bhutanese science curriculum has tremendously 

and ideas are still associated with memorization 
rather than emphasizing and understanding the 

of the students in science generally appears to be 
acceptably good in the lower grades, but the students 
often demonstrate less interest in and motivation to 
continue learning science in the higher grade. 

While the tenets of the NOS are visible in the 
science curriculum, there is no course that explicitly 
aims at enhancing teachers’ understanding of 
the NOS or educating them on the history or 
philosophy of science. The recurring emphasis on 
science process skills found in the Bhutan science 
curriculum in some way relates to this concept. 
Therefore, it is not strange to witness students 
possessing uninformed conceptions of the NOS 

its inclusion in the science curriculum, this study 
found that there was no previous study conducted 
to examine the in-service science teachers’ 
understanding of the NOS in the Bhutanese 
context. Studies such as this are important and 
provide empirical evidence on how our science 
teachers, who are the primary agent responsible 

nation, view the NOS. This present study thus aims 

literature on Bhutanese inservice science teachers’ 
understanding of the NOS. At this transitory period 

inform the stakeholders about the current state of 
in-service science teachers’ understanding of the 
NOS and subsequently guide them to plan and 
reform curricula to promote a better understanding 
of the NOS. 

This study was guided by two research questions: 

1. What are the in-service science teachers’ 
conceptions of the NOS? 

2. What is the relationship of in-service science 
teachers’ conceptions of the NOS and their 
teaching subjects? 

Research Design 
This study employed a cross-sectional study 

design using an Understanding of Nature of Science 
questionnaire. The cross-sectional studies that are 
often based on questionnaire survey are relatively 
inexpensive and quick to administer at one point in 
time (Salkind, 2010; Sedgwick, 2014). 

Participants 
Seventy-eight in-service science teachers 

participated in this survey. In-service science 
teachers are those teachers formally graduated 
from the teacher training colleges and already 
teaching in the classroom. The questionnaire also 
included background information such as gender, 
age, teaching experience, level of the school they 
teach in, and their major teaching subject in the 
school as shown in Table 1. The majority of the in-
service teachers who participated in the study were 
male (56.4%) compared to 43.6% female. 

Research Instrument 
This study employed the Understanding of 

the Nature of Science (UNOS) questionnaire that 
comprised of 15 two-tier items to explore the in-
service science teachers’ conceptions of the NOS. 

in the Study (N=78) 



the conceptions of the in-service science teachers 
regarding the NOS while the second tier examined 
their reasoning ability to justify the choices made 

A majority of the items included in the UNOS 
were adapted from the available literatures on the 
NOS such as Abd-El-Khalick, Lederman, Bell, and 
Schwartz (2001), Buaraphan (2009), 

Dogan and Abd-El-Khalick (2008), Driver 
et al. (1996), Forhad and Buaraphan (2013), 
Lederman and Lederman (2004), Lederman (1992), 
Lederman (2006), and McComas (1998), which 

as shown in Table 2. Teachers’ conceptions about 

theories and laws; items 7–9 dealt with the aspect 

roles of scientists’ work, and items 13–15 contained 

Table 2. Aspects of NOS included in Understanding of 
Nature of Science 

The preliminary set of items listed against each 
aspect of the NOS were subjected to some national 
science education experts for content validation and 
to review the relevance of items in measuring the 
dimensions of the NOS mentioned in the UNOS. 
Keeping in mind the contextual applicability and 
minimizing vagueness in understanding the UNOS, 
the revised items were reduced from 19 items to 
15 and were piloted with 17 in-service science 
teachers working in one of the higher secondary 
schools in western Bhutan under the same science 
curriculum framework. The internal consistency 
reliability was calculated to be 0.81. 

Data Collection 
The two-tiered UNOS questionnaire, which 

service science teachers at the end of the academic 
year 2017. The teacher participants from different 
schools of the 20 districts gathered in one of the 

nation’s engineering colleges to partake in the 
assessment of national level board examination 
papers for grades 10 and 12 for 15 days. Since 
learning the views of the Bhutanese in-service 
science teachers on different aspects of the NOS 

of the participants was maintained, and they were 
reminded that there were no right nor wrong answers 
for the items included in the UNOS questionnaire. 

Data Analysis 
The analysis of the UNOS questionnaire was 

done based on the assessment criteria shown in 
Table 3. With the intent to elicit honest and factual 
views and minimize assumptions regarding the 
NOS, both the tiers contain I don’t know as an 
option. The response that both tiers are wrong 
was given 0 points. Also, no score was awarded 

tier but correct second tier. Based on the nature 

simply examining the knowledge and the second 
tier judging the reasoning ability—the occurrence 
of such incidence was assumed to be minimal. 
However, for the responses with correct reasons, it 

a clear understanding of the simple choice in the 

for the participants to get correct reasons in the 
second tier that demanded higher analytical ability 

contained the knowledge statements. 

Table 3. Assessment Criteria for the Two-tier Items and 
Levels of Conception 

The responses obtained from the two-tier 

uninformed, naïve, and informed. When both the 
tiers were incorrect or had no/I don’t know options 
for both the tiers, or when only the second tier was 
correct, the level of understanding was categorized 
as uninformed. The responses with correct choice in 



in the second tier were grouped as having naïve 
understanding because these responses indicated 
an understanding of the concept but showed some 
misunderstandings due to incorrect reasons in the 
second tier. When both the tiers were correct, the 
responses were considered as informed. 

In-service Science Teacher Conceptions  
of the NOS 

The responses obtained from the two-tier 

levels: informed, naïve, and uninformed, as 
shown in Table 4. The percentage of informed 
conceptions was 38%, naive conceptions 33%, and 
2% for uninformed conceptions. In general, the 
in-service science teachers involved in this study 
lacked coherent views of the NOS. Slightly more 
than half of the in-service science teachers (51.2%) 
held an informed conception on the tentativeness of 

knowledge is durable and at the same time dynamic, 
making it amendable if new ideas are presented 
or existing evidence is reinterpreted. However, a 
majority of the in-service science teachers strongly 
believed that experiment is the ultimate method to 

reality (59.0%). Only about 15.3% of the in-service 
science teachers possessed informed conceptions 
regarding the relationship among hypotheses, 
theories, and laws. This indicated that almost 61.5% 
of them still believed in a hierarchical relationship 
structure of the hypothesis, theory, and law in which 
when a hypothesis is tested and true it becomes a 
theory that further becomes the law if it is proven 
with evidence. Likewise, more than half of the in-
service science teachers (64.1%) held uninformed 
conception that a hypothesis is an education guess. 
With regard to the naïve conception, item 7 (44.8%) 
was the highest while item 9 (17.9%) was the lowest 
of all the items. Almost of half of the teachers 
assumed that scientists follow a universal, one-

The 15 two-tiers UNOS items used in this 

laws had the lowest (17.0%). Almost a third (31.1%) 
of the in-service science teachers possessed naïve 

Table 4. Level of Understanding for Each Item of the UNOS 



On the contrary, more than half of the in-service 
science teachers (60.6%) of them had uninformed 

general, this indicated that in-service science 
teachers had uninformed (47.5%) conceptions on 
the NOS. 

In-service Science Teacher conceptions of the 
NOS Based on their Teaching Subjects 

A one-way analysis of variance was conducted 

of in-service science teachers’ level of conception 
of the NOS based on their teaching subject. There 

p > .05 level for the in-service science teachers 
conception of the NOS (F[2, 75] = 0.44, p = .064) 
as shown in Table 6. This indicates that the levels 
of conceptions of all the science teachers who teach 
physics, chemistry, or biology are identical.  

Table 6. One-way Analysis of Variance Test 

This study investigated in-service science 
teachers’ conceptions of the NOS based on these 

of this study support other similar studies in 
revealing in-service science teachers’ uninformed 
(Buaraphan, 2010), naïve (Abd-El-Khalick & 

& Abd-El-Khalick, 2008; Lederman, 1992), and 

models express reality (Ajaja, 2012; Buaraphan, 

a universal step-by-step process (Abd-ElKhalick 
& BouJaoude, 1997; Dogan & Abd-El-Khalick, 
2008; Haidar, 1999); scientists are objective (Abd-
El-Khalick & BouJaoude, 1997; Dogan & Abd-El-
Khalick, 2008; Haidar, 1999); and that science is a 

factors (Haidar, 1999; Tairab, 2001). 
However, when each item was examined, the 

in-service teachers held informed conceptions on 

(Buaraphan, 2010). Similar to Dogan and Abd-El-
Khalick (2008), the tentativeness of the dynamics of 

of the in-science teachers who participated in this 

when new knowledge with credible supporting 
evidence is discovered (Buaraphan, 2010). 

like this study, observed that in-service teachers 

not absolute. The misconception challenged the fact 

established and supported with reliable evidences 
are unlikely to change. Change is inevitable for 

reinterpretation of existing evidence may challenge 
the existing theories with the presentation of new 

knowledge, irrespective of being new or old, is 
subjected to testing and improving or at times 

Table 5. Level of Conceptions for Each Constructs  



facts, theories, and laws, are never absolute and 
unchanging (Lederman, 2007). It may be a durable 
form of knowledge but it is highly tentative. In 
contrast, some of the in-service science teachers 

(Haidar, 1999; McComas, 1998) and said that the 
accumulation of evidence enhances the stability 

“Baconian induction” (McComas, 1998). 

in-service science teachers possessed uninformed 
conceptions of the NOS as particularly based on 

grossly failed to demonstrate an understanding 

the view that experiment is the primary way to 

like any other approach, is certainly a useful tool 
in science, but it is never absolute or the principal 

understanding the natural phenomena through 

because multiple approaches, such as observations 
and explorations, are also necessary for the 
accumulation of evidence. 

Ajaja (2012), more than half of the inservice science 

models created by scientists are just the expressions 
of perceived representations of reality based on their 
perceptions, which is of course useful in explaining 
or predicting a phenomenon. They are simply the 
“functional theoretical models” (Lederman, 2007), 
or rather human inventions (Abd-El-Khalick & 
BouJaoude, 1997), that in no way represent exact 
copies of reality. Partially, such misconceptions 
may be reinforced by the curricula or textbooks 
that extensively use the same science models to 

Another perceived notion revealed through the 

teachers’ belief in the hierarchical relationship 
between hypotheses, theories, and laws. They 
assumed that an empirically tested hypothesis can 
become a theory and once this theory is proven, 
it becomes a law (Abd-El-Khalick & BouJaoude, 

1997; Dogan & Abd-El-Khalick, 2008; Haidar, 
1999). Such convictions further imply that theories 
are less secure than laws (Buaraphan, 2009, 2010). 
In fact, in science, theories and laws are different 
types of ideas (Abd-El-Khalick & BouJaoude, 1997) 
and serve different functions. At any circumstance, 
laws do not possess a higher rank than theories. 

The view that science can answer all questions 
was also supported. This is plausible because in 

breakthroughs are highly interlinked with no other 

El-Khalick and BouJaoude (1997), Dogan and 
Abd-El-Khalick (2008), and Haidar (1999), in-
service teachers were of the belief that scientists 

in their investigations. In that sense, science was 
considered more procedural than creative. 

With such misconceptions, the in-service 

and imagination in science (Abd-El-Khalick & 

scientists’ creativity and inventiveness are crucial 

community to establish credibility and accuracy. 
Unfortunately, such a check-and-balance system 
to review each other’s experiments is often very 
minimal due to the busy nature of scientists or 
their limited research funds and time (McComas 

are recognized outside the prevailing paradigm, 

(McComas et al., 2002). The ideas interpreted or 

are also critiqued because scientists, like any other 
observers, also hold a myriad of preconceptions, 
theoretical beliefs, experiences, cultural and 
educational backgrounds, training, and biases, 

laden NOS allows different scientists to interpret 
the same data sets differently and subjectively 
(Lederman, 2007). Thus, the perception that 
scientists are open-minded without any biases 
cannot overlook. 

Another myth held by teachers regarding 
the NOS is that science and technology are 



(2001), where the participants tended to confuse 
technology with science. Due to the fact that 
science and technology are casually used almost 
interchangeably, many might perceive them to be 
the same. Science is the body of knowledge while 
its exploitation in the production of commercial 
products is known as technology. The goal of 
science is the pursuit of knowledge for its own 
sake, and for technology the goal is to create 
products that solve problems and improve human 
life (McComas et al., 2002). 

science is considered more often an individual 
pursuit than a product of collaboration. Some 

scientist to pursue alone and hence require more 

established by an individual scientist have to 
undergo institutional checking and the testing 

individual scientist and is further validated by the 

community (McComas et al., 2002). 

is largely affected by social and cultural elements 
(Lederman, 2007; Tairab, 2001) such as politics, 
economy, religion, and philosophy based on how 

knowledge is theory laden and subjective, which 

previous knowledge, training, experiences, and 
expectations (Lederman, 2007). 

This study examined 78 Bhutanese in-service 
science teachers’ conceptions of the NOS and 
observed that the majority of the in-service 
science teachers possessed naive and uninformed 
conceptions of the NOS particularly with regard 
to theories and laws. There were no statistically 

conception based on their teaching subjects. 

a nation’s economy and technology, the ubiquitous 
goals of facilitating students to develop informed 
conceptions of the NOS has been long-standing and 

a central aim of science education reform across 
the globe. However, the realization of these goals 
continues to elude the science education community 
partly because of a persistent naïve or uninformed 
conception held by the science teachers. 

The development of science teachers’ 
conceptions of the NOS is crucial because of their 

thus imperative that science teachers are adequately 
prepared and informed with a clear understanding 

science teachers require serious intervention from 
the stakeholders to remedy their uninformed 
conceptions of the NOS. 

The stakeholders can organize a professional 
forum that can foster in-service science teachers 
to learn informed conceptions of the NOS. The 
premiere teacher training colleges in our country 
must initiate a program to address the uninformed 
conceptions of the NOS, even for preservice 
science teachers, so that they can embed informed 
conceptions of the NOS into their teaching cycle 
once they are in the schools. When there is a lack of 
philosophy of science content in teacher education 
programs or a failure to provide real science 
research experiences for preservice teachers by such 
programs, misconceptions of science are most likely 
to occur (McComas, 1998). The foundation for the 
success of students having informed conceptions 
of the NOS can be teacher preparation programs 
emphasizing the knowledge of the NOS. Teacher 
training colleges should not only cater to delivering 

selected education courses, but they should prepare 
programs that expose prospective teachers to the 
profound knowledge of epistemology, philosophy, 
or sociology of science. In the context of enhancing 

be more rationalized and innovative and designed 
with some practically viable methods of instruction 
to help students develop informed conceptual 
understandings of science. 
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