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Abstract 

The nature of science has been set as an essential component in the goals of science education 

since the nationwide reform in the 1960s, but in reality, its importance and perceived success 

of curricular implementations are still contestable.  Within this pedagogical vis-à-vis 

philosophical discourse, undergraduate laboratory education appears to escape the intellectual 

development, despite the common assumption of laboratory being an indispensable element 

of science education.  In this systematic review, 73 empirical studies were analysed in order 

to establish a case for pedagogical and philosophical validation of undergraduate laboratory 

curricula, by inquiring into multifarious research designs and instruments used to investigate 

its many dimensions, its representations in the literature, and pedagogical frameworks 

underpinning its approaches.  Results revealed needs for more deliberation on extracting 

operable pedagogical approaches from the strong foundation on philosophy of science; more 

evidence and elaboration on changing misconceptions of the myth of scientific method; and 

ultimately philosophical validation of undergraduate laboratory curricula.  

Keywords: nature of science, science pedagogy, philosophy of science, undergraduate 

laboratory curricula 
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Systematic Review of Research in the Nature of Science, 1963-2019: Toward 

Pedagogical and Philosophical Validation of Undergraduate Laboratory Curricula 

In 1960s America, science education went through major developments centred on an 

assertion that the structure and nature of scientific knowledge and methods should be 

addressed when designing a science curriculum.  These nationwide initiatives were driven by 

research findings that demonstrated a scant understanding of science among high school 

students (Cooley & Klopfer, 1963), science teachers (Carey & Stauss, 1968), and even 

scientists (Kimball, 1968).  Correspondingly, the National Science Foundation granted 

astronomical amounts of funding to research projects aimed at improving pre-college science 

education.  For example, in 1960 alone, this amounted to more than USD 20 million (Duschl, 

1985), equivalent to USD 170 million at the current nominal value.  During this decade, 

large-scale survey instruments such as the Test on Understanding of Science (TOUS) and 

Science Process Inventory (SPI) were developed to assess students' understanding of the 

nature of science.  Regrettably, the adoption of these instruments has been criticized as 

lacking in clarity and being obscure with regards to the intervention rigor (Herron, 1971) and 

being used uncritically by subsequent researchers (Bates, 1978).  The initially heralded 

curriculum projects were not found to yield more learning about science and scientists than 

traditional courses (Hodson, 1985).  Mallinson (1984) spoke of an irony of an identified crisis 

in science education as having started exactly at a time when funding for pre-college science 

education was abundant.   

Research in the nature of science (NoS) has developed since then and relatively smaller 

curriculum improvement projects have been implemented.  Nonetheless, five decades after 

these prolific studies, the literature unfortunately still shows a similar phenomenon: students 

and teachers do not have an adequate epistemological understanding of nature of science 

(e.g., Niaz, 2016; Quigley, 2016); or they have either naïve views (Mansour, Wegerif, 
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Skinner, Postlethwaite, & Hetherington, 2016) or alternative views (Mulvey & Bell, 2016).  

In their review of high school chemistry textbooks, Abd‐El‐Khalick, Waters, and Le (2008) 

inquired into the representations of NoS and the extent to which they have changed in the 

preceding four decades.  Their study focussed on the empirical, tentative, inferential, creative, 

theory-driven, and social aspects of science.  Relevant textbook sections were scored on NoS 

aspects reflecting the accuracy, completeness, and explicitness.  They found that textbooks 

fared poorly in their representations of NoS.  Research also shows that the majority of college 

students and professors hold essentially inadequate views of the nature of science (e.g., Eylon 

& Linn, 1988; Novak, 1988), which may account for the persistence of widely-held 

misconceptions in science even after interventions to change it. 

In the context of laboratory education, the understanding of NoS is an area that 

necessitates more investigations and developments.  The literature identifies a number of 

science learning goals attributed to laboratory work, such as enhancing mastery of subject 

matter, developing scientific reasoning, understanding the complexity of empirical work, 

developing practical skills, understanding the nature of science, cultivating interest in science 

and interest in learning science, and developing teamwork abilities (National Research 

Council, 2006).  In practice, however, aspects of NoS are often overlooked or dismissed 

altogether, to make room for more skill-oriented pedagogies.  

Several reviews of research literature in NoS have been published, such as Abd-El-

Khalick and Lederman (2000), focussing on teacher’s NoS conceptions, and Deng, Chen, 

Tsai, and Chai (2011), focussing on students, but there is hitherto no systematic review that 

spans more than five decades.  This review is aimed at analyzing research development in the 

area of nature of science since the 1960s that links to undergraduate science and laboratory 

education, and identify areas for future research. The systematic analysis is guided by the 

following questions:  
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 Which trends in NoS research designs and instruments can be discerned from six decades 

of development? 

 To what extent does research in science and laboratory education represent the various 

aspects of NoS? 

 Which pedagogical frameworks are most relevant to investigate the representations of 

NoS? 

 To what extent does NoS research inform undergraduate science and laboratory 

education? 

I begin this review by redefining NoS in light of contemporary pedagogical and 

philosophical debate on science education.  The context of laboratory education and its 

conundrums will be illuminated, followed by the review methods and analysis.  A codified 

summary of the entire articles reviewed will be presented, elaborated, and discussed.  Lastly, 

design guidelines for incorporating NoS into science and laboratory curriculum will be 

proposed. 

Nature of Science 

The terminology ‘nature of science’ typically refers to the epistemological commitments 

underlying the activities of science, viz. science as a way of knowing, or the values and 

beliefs inherent to the development of scientific knowledge (Abd-El-Khalick & Lederman, 

2000).  It also entails an understanding and appreciation of the work of scientists, processes 

of science, and sociology of science (Yacoubian & BouJaoude, 2010).  As a concept, it has 

been in a discourse of science education for well over a century.  Ernst Mach (1838–1916), 

an Austrian philosopher, physicist, and science educator, is believed to be the first to promote 

an understanding of what we now describe as the nature of science (Matthews, 1994).  Mach 

upheld the view that scientific theory is an intellectual construction for economizing thought 

and therefore it can only be understood if its historical development is understood.   



SYSTEMATIC REVIEW OF RESEARCH IN NATURE OF SCIENCE, 1963-2019                                                          6 

 

 

 

The decades from 1950 to 1980 also represent a period of paradigm shift and conceptual 

changes in thinking about the nature of science and science education (e.g., Brodbeck, 1961; 

Cooley & Klopfer, 1961; Kuhn, 1962; Rowe, 1978; Schutz, 1967; Taber, 2017; Welch & 

Pella, 1967).  Novel insights in philosophy of science, new findings from cognitive 

psychology and pedagogy contributed to a questioning and rejection of accepted views, for 

instance, logical positivism in philosophy and behaviorism in the learning sciences. 

As an area of research, nature of science (NoS) encompasses the field of epistemology, a 

branch of philosophy that is concerned with how scientific knowledge is generated and how it 

shapes the character of science.  In its development, scholars and researchers in this 

interdisciplinary field come from a diverse background.  Among philosophers, NoS debate 

has traditionally revolved around investigations of the epistemological, methodological, and 

ontological commitments of science.  Nonetheless, there are illuminating, non-philosophical 

studies of science, such as conducted by historians, cognitive psychologists, sociologists, 

economists, anthropologists, and numerous other disciplines (Khine, 2012).  NoS is a fertile 

hybrid area that blends aspects of various social studies of science.  Taber (2017) refers to 

this interdisciplinary research as Science Studies.  Currently, the corpus of knowledge in NoS 

provides a rich description of what science is, how it works, why it is important to be 

scientifically literate, how scientists operate as a social group and an enterprise, and how 

society itself both directs and reacts to scientific endeavors. 

Akin to scientific knowledge, conceptions of NoS are tentative and dynamic: they have 

changed (and continue to change) throughout the intellectual debate and development of 

scientific nature, workings, and its societal impact (Duschl & Grandy, 2013).  Even until 

today, it is still contestable whether science, particularly in educational context, should be 

conceptualized in cognitive and technological terms or more epistemic and philosophical.  

However, Niaz, like Abd-El-Khalick (2012) and Lederman et al. (2002) claims that despite 
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the complexity of multifaceted NoS issues and the controversy among philosophers of 

science themselves, a certain degree of consensus has been achieved within the science 

education community.  The nature of science can be characterized, among others, by the 

following aspects.  

Experimentation and Empirical Nature of Science. Scientific knowledge relies heavily, but 

not entirely, on observations, experimental evidence, rational arguments, and skepticism 

(Arino de la Rubia, Lin, & Tsai, 2014; Duschl & Grandy, 2013).  In order to be adopted as 

scientific knowledge, a knowledge claim has to pass a rigorous test in such that the reliability 

and validity of the claim are warranted.  Understanding the relationship between 

experimental data and scientific evidence is fundamental to one’s views of how scientific 

knowledge is generated (Buffler, Lubben, & Ibrahim, 2009).  However, scientific knowledge 

is not exclusively determined by empirical investigation. Scientific theories in the domains of 

astrophysics and cosmology, for example, are often impossible to be developed in the 

controlled conditions of a laboratory. 

Tentative Nature of Scientific Knowledge. While scientific knowledge is robust and reliable, 

all scientific knowledge has the potential to change with either the introduction of new data or 

the examination of existing data from different perspectives (Bell, Mulvey, & Maeng, 2016; 

Taber, 2017).  Science is not an inalterable and rigid body of absolute truths.  A critical 

appraisal of the history of science shows that scientists continually look for theories that 

provide greater explanatory power (Niaz & Maza, 2011), for example, the development of 

atomic theories and the origin of universe.  However, Lunde, Rundgren, and Drechsler (2016) 

acknowledge that there is an extent to which scientific knowledge is established.  They argue 

that because students encounter knowledge in everyday life, it becomes relevant and 

important for them to distinguish between reliable established scientific knowledge and 

tentative knowledge claims from research frontiers, and to understand their differences.   
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Philosophical Subjectivity and Theory-ladenness. Scientific knowledge is influenced by 

theory that acts as a lens through which questions are developed; investigations are designed; 

decisions are made about what, when, and even where data should be collected; and results 

are interpreted (Bell et al., 2016).  Progress in science is generally believed to be a product of 

experimental data that unambiguously lead to the formulation of scientific theories.  

Nevertheless, this is a misconception.  Data interpretation always entails some degree of 

subjectivity, in a sense that scientific researchers are bound by theoretical frameworks and 

related underlying assumptions in interpreting results and observations.  In other words, data 

interpretation is laden with theory.  Matthews (2012) admits, however, that this conception 

can be ambiguous.  Acknowledging that science is theory-laden is not equivalent to saying it 

is subjective in the usual psychological meaning of the term.  Rather, science is 

philosophically subjective, in a sense that subjectivity is equivalent to theory-ladenness, and 

that it is unavoidable.  This is entirely different from psychological subjectivity.  While 

science itself is philosophically subjective, the aim is for scientists to minimize the 

psychological subjectivity in measurement and explanation.  

Scientific Theories and Laws. Scientific theories and laws have different meanings and roles 

in science.  Scientific theories are the explanations for natural phenomena, whereas scientific 

laws are the descriptive statements about the perceived relationships, regularities, patterns, 

and generalizations in nature (Abd-El-Khalick, 2012; Niaz & Maza, 2011; Taber & Akpan, 

2016). According to Taber (2017), students and laypeople often think that theories are 

scientists’ guesses waiting to be proven by experiments.  This is a misconception.  Theories 

are far more than guesses, as they must be based on extensive evidence, but they are always 

open to being surpassed when new data or a new interpretation of existing data comes along.  

Conversely, scientists refer to laws as if they are universally applicable descriptions of 

aspects of nature.  Both scientific theories and laws are the very basis of scientific 
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knowledge, but they are not infallible.  The essence of science is developing explanatory 

schemes that make sense of extensive volumes of data and that have predictive value. 

Creativity and Imagination in Science. Understanding scientific data is a complex and 

lengthy process and requires considerable amount of ingenuity and creativity on the part of 

the scientists.  They even often resort to imagination and speculation (Duschl & Grandy, 

2013) to develop ideas that might represent aspects of nature.  Creativity permeates all 

aspects of scientific investigations, from hypothesis generation to data interpretation.  Science 

relies on creative thought as well as logic.  Logic is needed when testing out ideas, but first 

scientists have to come up with the ideas to test.  It is naive to think that scientists can move 

directly from data to scientific knowledge, as data always have to be interpreted in terms of 

some conceptual scheme.  Science proceeds through the complementary roles of creative 

(expansive, imaginative, divergent) and logical (rational, closed, linear) thought (Taber, 

2017). 

Social and Cultural Embeddedness. Ideally, science is independent of culture, as it is 

intended to be an objective quest for discovering true knowledge of the natural world.  

However, scientific knowledge is built on constructs humans have developed to best describe 

and explain observations of nature (Taber, 2017).  Scientific ideas are therefore affected by 

their social and historical culture.  Politics, ethics, economy, religion, and philosophy are 

some of the factors that influence deciding what and how science is conducted, interpreted, 

and developed. Correspondingly, the contemporary understanding of NoS holds that the 

majority of scientists’ engagement is not individual efforts toward final theory acceptance, 

but communities of scientists striving for theory improvement and refinement (Duschl & 

Grandy, 2013).  Established knowledge is a result of acceptance in the broad research milieu, 

after rigorous social activities such as discussions and debates that often involve 

controversies.  Lunde et al. (2016) argue that such way of describing science-in-the-making 
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provides a more nuanced picture of scientific knowledge and makes it possible to examine 

scientific knowledge on different epistemological levels. 

Models and Inference in Science. The ubiquity of models to represent, illustrate, and 

explicate a scientific concept is widely recognized throughout the history and current practice 

of science (Matthews, 2012).  For instance, the double helix structure of DNA, climate 

change models, and the development of atomic models from billiard ball to the electron 

orbital model to quantum mechanic representation.  They are regarded and valued as 

cognitive tools situated between experiments and theories (Duschl & Grandy, 2013).  Models 

help scientists to communicate their ideas and observations, by means of inference.  

According to Lederman, Abd‐El‐Khalick, Bell, and Schwartz (2002), observations are 

descriptive statements about natural phenomena directly accessible to the senses, whereas 

inferences are statements about phenomena not directly accessible to the senses.  For 

example, gravity is inferential in the sense that it can be measured only through its 

manifestations, such as the bending of light coming from the stars as its rays pass through the 

sun’s gravitational field.  

The Myth of Scientific Method. There is no general agreement on what constitutes scientific 

method, considering the complexity of the scientific enterprise, the myriad of possible 

starting points and the differences in knowledge and personality between individual scientists 

(Hodson, 1985).  Philosophers of science agree that there is no such thing as the scientific 

method.  The notion of a recipe-like stepwise procedure that all scientists follow when they 

do science is a myth. Scientists have to develop their own customized methods that will work 

in their own areas of research (Duschl & Grandy, 2013; Taber, 2017).  Taber further 

describes, an experiment ideally explores a phenomenon under laboratory conditions, where 

variables can be manipulated and the potential effects measured.  However, not all scientists 
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conduct experiments in such a manner.  For example, no technological advances make it 

possible, at least to date, to manipulate the conditions at the centre of stars. 

Conundrums of Laboratory Education 

Laboratory education in science has been established over the years.  Whether it purports 

its function and objectives is, however, a matter of ongoing debate.  In his critique of 

practical work and academic skills in science education, Kirschner (1992), referring to 

Schwab (1967), argues that pedagogical approaches to science education should take into 

account the difference between substantive and syntactical structures of science.  The former 

concerns the corpus of knowledge, which is a result of research and development in 

chemistry, along with the corresponding intellectual discourses and philosophical debates.  

One may address it as theory, consisting of concepts, ideas, and laws.  The latter concerns the 

way scientists do science, encompassing habits, skills, and methods of scientific inquiry. In 

thinking about laboratory work, these two structures must be taken into account, as they will 

define how laboratory takes form in its entirety.  The notion of substantive and syntactical 

structures of science was considered one of the salient features in philosophy of science (e.g., 

Gardner, 1972; Robinson, 1969; Suppe, 2000) 

One of the pressing concerns in laboratory education research is the aspects of learning 

around laboratorial work.  Findings from studies in this area show that students often conduct 

experiments absent-mindedly, without really understanding what they are actually doing 

(e.g., Reid & Shah, 2007; Rudd II, Greenbowe, Hand, & Legg, 2001; Teo, Goh, & Yeo, 

2014; Winberg & Berg, 2007).  Much of this problem is attributed to the overwhelming 

burden on the students’ cognition within the limited hours of their laboratory period.  With so 

much information to process and new skills to practise, students are left with little space to 

think about the underpinning theories and nature of scientific work they are dealing with.  

Here lie the conundrums associated with laboratory education.  On one hand, understanding 
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NoS has been regarded as one of the essential goals of laboratory education (Bates, 1978; 

Hofstein & Lunetta, 2004).  On the other hand, it is still unclear to what extent substantial 

learning about NoS is gained from and throughout laboratory activities.  Also, knowledge 

about the specific ideational relationship between pedagogy, philosophy, understanding of 

NoS, and laboratory education is scant.  This is principally the rationale of this systematic 

review.  

Method 

The protocol that guides this review will be registered on PROSPERO, an international 

prospective register for systematic reviews (Centre for Reviews and Dissemination, 2018), 

once the peer-review process has been completed.  The whole procedure of study selection is 

conducted according to the recommended method, for the purpose of transparency and 

reliability.  Details on the registration will be provided accordingly. 

Survey and Selection Method 

The empirical studies included in this review were selected based on the eligibility 

criteria specified for a systematic review (Murdoch University, 2019).  In terms of study 

characteristics, the sample size was not limited to large-scale studies.  Due to the nature of the 

research topic, a majority of qualitative studies were expected.  Consequently, the sample size 

ranges from one to 10,000.  The phenomena of interest being reviewed is multifarious 

representations of NoS in science education research.  In terms of educational interventions, 

the review does not limit on experimental studies but also qualitative and phenomenological 

studies.  It takes into account different research designs and outcomes of both quantitative 

and qualitative nature.  All studies were peer-reviewed and reported in journals published 

between 1960 and 2019, summing up to six decades of research development.  The decade of 

1960s was chosen as a starting point owing to then nationwide science education reform in 

the US that specifically addressed NoS.  This has served as an impetus for the ensuing 
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educational interventions and initiatives in this area.  Around this point of time, educational 

discourses on philosophy of science and educational psychology such as logical positivism 

and behaviorism were also contested and challenged.  Only publications in English are 

considered, but the studies are not limited to any country.  If anything, an international view 

of the phenomena is sought to be synthesized.  

Databases of academic publications such as Web of Science, ERIC, DiscoverEd, and 

Google Scholar were used in the survey process.  Keywords including nature of science, 

laboratory education, philosophy of science, scientific literacy, practical work, 

undergraduate education, and curriculum development were fed into the search engines in a 

few different combinations.  They were refined in the light of the research questions.  The 

survey was iterated in a few cycles ending in February 2019.  

Data were extracted only from its published and peer-reviewed forms, in order to warrant 

validity and reliability.  No pilot studies were included.  Variables sought were research 

contexts (geographical and educational levels), participants and sample size, interventions, 

aims of research, representations of NoS in the studies, pedagogical frameworks, methods 

and instruments used, and the outcomes.  The representations were categorized based on the 

aspects of NoS as defined in the previous section. In cases where no pedagogical frameworks 

were specified in the published articles, an assumption was made so they could be further 

categorized and analyzed.  Wherever available, the name of research instruments were 

specified in the characterization.  

Results were synthesized by combining similar variables into categories, comparing 

different variables and finding their strengths and weaknesses, looking for trend across 

studies and across decades, and wherever relevant, quantifying the variables.  Due to the 

variety in study designs and methods, no effect size was sought.  As previously stated, the 

majority of qualitative studies were expected and not all studies were aimed at measuring the 
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effect of interventions.  In fact, not all studies were interventionist.  This review is more 

focussed on the overall representations of NoS and relevant outcomes that could guide future 

studies.  In every step of the analysis and synthesis, bias within and across studies is taken 

into consideration and, wherever possible, specified.  An international view of the synthesis is 

sought in order to, among others, minimize author and cultural bias.  

Data Analysis 

The initial search with keywords mentioned in the method section resulted in 29 articles 

from Web of Science, 69 from ERIC database, 226 from DiscoverEd, and 243 from Google 

Scholar.  The expansion of related keywords gave more results but the focus was mainly on 

these initial returns.  Eventually 73 peer-reviewed studies were selected.  The whole selection 

process is shown in a flow diagram (Figure 1).  Records were screened out because they did 

not actually focus on any aspect of NoS, or they were not relevant to the phenomena of 

interest.  After screening, some of them were excluded because they were not research papers 

but literature reviews and discourse analyses.  Two eligible studies were finally excluded due 

to the issue of journal quality and the risk of publication bias.  

All 73 studies were characterized according to the predetermined variables defined in the 

method section.  The entire characterization is shown in Table 1.  For each study, these 

variables were identified and classified.  Under the NoS representations heading, the NoS 

aspects were coded as 1 to 8, O, and G.  The categorization of pedagogical frameworks 

emerged from the data, after a critical analysis of their theoretical underpinnings.  The codes 

will be elaborated in the relevant section.  Validated instruments were specified accordingly, 

such as NoST for Nature of Science Test.  

For each decade, the number of publications was quantified, as shown in Figure 2.  There 

was a somewhat silent period in the 1980s, but immediately the number of studies increased 

steadily.  These studies were most commonly featured in Journal of Research in Science 
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Teaching (19), Science Education (10), International Journal of Science Education (8), 

Chemistry Education Research and Practice (7), and Research in Science Education (6).  

Results 

Contextualising Research on NoS 

In the literature of science education, various aspects of NoS have been investigated.  

During the nationwide educational reform in the United States, they were mainly done in the 

context of high school science education (e.g., Carey & Stauss, 1968; Klopfer & Cooley, 

1963; Welch & Pella, 1967), focussing on students as participants.  The aggregate of 

empirical studies in this review involved no less than 42,669 research participants, most of 

whom were students (91 %) in secondary education, college, and, to a lesser extent, primary 

education doing a course in science. 

After the testing instruments such as the Test on Understanding of Science (TOUS) and 

Nature of Science Scales (NoSS) were validated and widely used, the target of research was 

shifted toward science teachers.  Consider, for example, a study conducted by Brickhouse 

(1990), which examined the effect of teachers’ beliefs about NoS on their classroom practice.  

She found that teachers’ beliefs about science shaped not only explicit instructional aspects of 

their pedagogy, but also an implicit curriculum that guided their thinking about the nature of 

scientific knowledge.  

In the decades following these studies up until recently, there seems to be a realization 

that teachers play a prominent role in developing students’ understanding of NoS.  The focus 

was then shifted toward preservice science teachers, so as to make sure they were well 

informed about this aspect of science education before commencing their teaching career 

(e.g., Akerson, Abd‐El‐Khalick, & Lederman, 2000; Lin & Chen, 2002; Schwartz, Lederman, 

& Crawford, 2004; Vesterinen & Aksela, 2012).  
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The empirical studies in this review were conducted by researchers from six continents, 

but the majority came from North America (64%). Around 18% originated from Asia and 8% 

Europe.  Only two studies were conducted in Australia and four in Africa (Figure 3).  In order 

to discern a more encompassing international perspective on the phenomena of interest, there 

is clearly a need for more studies from outside of the US in the future, especially from 

African and Asian continents.  Issues such as power relation between the North and the 

South, between the West and the East, could be a relevant new dimension in the intellectual 

discourse.  It is also rather surprising to see a rather scant literature from Europe, considering 

the term Nature of Science itself was coined for the first time in Europe by Ernst Mach, an 

Austrian science philosopher (Matthews, 1994).  

Research objectives in NoS vary from study to study, but there are at least four 

categories in which they have been investigated (Table 2).  Firstly, they were aimed at 

exploring views, beliefs, or perceptions regarding the nature of science and scientific 

enterprise.  These were usually non-interventionistic and more geared toward evaluating an 

already implemented curriculum or pedagogical approach.  For example, Bektas et al. (2013) 

explored pre-service chemistry teachers’ views on the tentative nature of scientific 

knowledge in relation to their pedagogical content knowledge.  Secondly, they were aimed at 

developing and validating research instruments or models to investigate issues related to 

NoS.  These were often relatively large-scale empirical studies involving quantitative 

measures.  A classic example of this is the study done by Cooley and Klopfer (1963), in 

which the Test on Understanding of Science was designed, developed, and validated by 

academics and scientists at University of Harvard.  Thirdly, they were aimed at evaluating 

curricular implementation or other educational interventions related to NoS.  They were 

either a study following an instrument/model development, or an evaluative study that 

adopted an instrument developed by previous researchers.   An example of the former is 
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Klopfer and Cooley (1963), which is a follow up of Cooley and Klopfer (1963), and an 

example of the latter is Lin and Chen (2002), in which the Views of Science-Technology-

Society (VOSTS) instrument developed previously by Aikenhead (1987) was adopted. 

Lastly, they were aimed at assessing effects of NoS conceptions on other teaching and 

learning aspects as well as relationships between them.  An example of this is Kang and 

Wallace (2004), in which science teachers’ epistemological beliefs and teaching goals related 

to their use of laboratory activities were investigated.  

This systematic review includes both interventionistic and non-interventionistic 

empirical studies.  An intervention is defined as an arrangement done by researchers to 

change conditions in the setting being studied systematically in order to determine the effects 

on the phenomena of interest.  Of 73 studies reviewed, 47 studies (64%) involved some sort 

of interventions.  These were often course-based, such as science methods courses (Akerson 

et al., 2000; Bell et al., 2016; Carey & Stauss, 1968) and history of science courses (Abd‐El‐
Khalick & Lederman, 2000; Solomon, Duveen, Scot, & McCarthy, 1992; Williams & Rudge, 

2016).  Others were based on a specific NoS instruction, such as studies done by Vesterinen 

and Aksela (2012) and Bautista, Schussler, and Rybczynski (2014).  A number of 

interventions were based on inquiry and research activities, either as laboratory-related 

activities (Caussarieu & Tiberghien, 2017; Charney et al., 2007; Yacoubian & BouJaoude, 

2010) or a part of an apprenticeship programme (Bell, Blair, Crawford, & Lederman, 2003; 

Burgin, McConnell, & Flowers III, 2015; Schwartz et al., 2004).  

Research Methods and Instruments Used to Investigate NoS  

The nature of science is a topic that does not immediately lend itself to a simple research 

approach and methodology.  In the last six decades, multifarious research methods have been 

adopted and adapted.  Once praised as being useful, later criticized as being too simplistic.  

Consider for example, Duschl’s (1985) critique of science education since the national reform 
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in the 1960s that marks the starting point of this systematic review.  He argues that during the 

rapid development of science curricula in the 1960s, the prevailing ideas in philosophy of 

science were actually being challenged.  Specifically, he observes that the notion of inquiry 

as defined by the National Science Foundation was being rejected and eventually replaced.  

Unfortunately, the intellectual and paradigmatic debates in philosophy of science were 

mainly ignored by curriculum developers.  The typical traditional pedagogy in science that 

relied heavily on rote learning and memorization was somehow kept as a status quo. Ironic, 

as the funding for pre-college education reached astronomical figures.  

The majority of NoS studies were approached from an interpretive paradigm, in which 

NoS was seen through the lens of different participants as they constructed their subjective 

reality.  This approach reflects the development of intellectual discourse in NoS from a 

largely positivist view when it started in 1960s and 70s, with large-scale surveys and heavy 

reliance on numerical data, to an interpretive and phenomenological view in the 21
st
 century.  

Consider, for example, Cooley and Klopfer (1963); Welch and Walberg (1968); and Mackay 

(1971); and compare them to Schwartz et al. (2004); Vesterinen and Aksela (2012); and 

Colagrande, de Assis Martorano, and Arroio (2017).  The distribution of studies in terms of 

research methods is shown in Figure 4.  There are approximately twice as many qualitative 

methods as there are quantitative or mixed methods, with most qualitative studies belong to 

the more recent body of research.  Figure 5 shows this trend, a shift from quantitative to 

qualitative studies.  

A range of different research instruments have been developed by researchers over the 

years.  As Table 3 shows, most of these studies were investigated using questionnaires (66 

publications, accounting for 90% of the entire reviewed studies), either in the form of 

quantitative survey instruments or open-ended questionnaires.  Akin to the research 

methodologies and methods heretofore described, it also follows that qualitative, open-ended 
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instruments tend to be more common in recent years.  The most commonly used open-ended 

questionnaire is Views of Nature of Science (adopted in 15 studies), which was developed by 

Lederman’s research group (Lederman et al., 2002).  It was prototyped in three stages (Form 

A to C), whereby each form was intended to be used in conjunction with follow-up individual 

interviews.  Either Form B or C was later adopted by subsequent researchers in this area 

(Burgin et al., 2015; Goff, Boesdorfer, & Hunter, 2012; Marchlewicz & Wink, 2011; Mulvey 

& Bell, 2016).  

Back in the 1960s, Test on Understanding of Science was more popular.  TOUS 

measures three areas concerning scientific enterprise, scientists, and scientific methods.  It 

was aimed to assess students’ understandings based on the specific, desired outcomes related 

to science learning but not concerned with subject-matter content.  The explicit statements 

were developed in consultation with scientists, science educators, and philosophers of 

science.  In the years ensuing its publication (Cooley & Klopfer, 1963), TOUS became one of 

the most widely used instruments to assess students’ conceptions in those areas (Lederman, 

1992).  Repeatedly, relatively large scale surveys utilising TOUS demonstrated inadequacy 

among high school students and teachers with regards to the aforementioned aspects (e.g., 

Billeh & Hasan, 1975; Cooley & Klopfer, 1961; Mackay, 1971).  

Upon constructing a model for understanding of science coined as NoSS, Kimball (1968) 

found that there was no difference in the extent to which scientists and qualified science 

teachers from a similar academic background understood the nature of science (NoS).  

However, philosophy majors had, significantly better understanding of NoS.   Essentially, 

Kimball’s study was aimed at finding out whether science teacher preparation programmes 

were responsible for the inadequate conceptions of science held by science teachers.  His 

findings suggested that teachers who held naïve views of science were mostly unqualified 

teachers.  Those who were prepared in science had somewhat better understanding.  Kimball 
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used his results to discredit public criticisms of science teacher education programmes 

(Lederman, 1992). 

Representations of NoS in the Literature 

In order to address the review question ‘To what extent does research in science and 

laboratory education represent the various aspects of NoS?’ each study was analyzed 

according to their foci on NoS aspects as defined in the Introduction section.  Some of these 

studies did not refer to any specific aspect of NoS and therefore were characterized as 

General NoS, coded with G (Table 1), but the majority of the studies contained explicit 

reference to one or more NoS aspects, including other aspects not specified here (coded with 

Oth), as shown in Figure 6.  Not limited to the empirical studies reviewed here, when not 

explicitly referred to as NoS, scholars also used concepts such as understanding about science 

and scientists (Klopfer & Cooley, 1963), knowledge of the processes of science (Welch & 

Pella, 1967), structure of science (Roberts, 1982), and nature of inquiry (Hodson, 1996).  

Overall, the tentative nature of scientific knowledge is most represented with 55 publications, 

whereas the myth of scientific method is least represented with only five publications.  Nine 

studies assigns only a general image of science, without further specification, and at least 20 

studies also made a reference to other aspects of science not defined by Lederman et al. 

(2002). 

Due to the diverse nature of the research methods and instruments used, it was proven 

challenging to synthesize an image of the representation of NoS aspects in the literature. 

Slightly different conceptions and philosophical nuances in defining those aspects also 

rendered the analysis an arduous labor.  However, there are at least two ways in which each 

aspect can be analyzed and synthesized.  On one hand, qualitative findings on a particular 

aspect could be closely examined to discern emerging trends or substance of particular 

interest.  On the other hand, quantitative results derived from similar theoretical frameworks 
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and research instruments could be grouped into a separate analysis within the entire body of 

reviewed studies.  To illustrate the latter way, nine studies have been selected to be analyzed 

further.  All these studies were based on the NoS conceptions centred around the work of 

Lederman and colleagues (Lederman et al., 2002), from which the redefinition of NoS in this 

review also departed.  They were all interventionistic and aimed to gauge some degree of 

change in participants’ NoS views after the treatment, from a naïve view (also referred to as 

inadequate or alternative view) to an informed view (also referred to as full or sophisticated 

view).  However, not all of them investigated the whole aspects.  In fact, one study focussed 

only on the tentative nature of scientific knowledge (Bektas et al., 2013) and only three 

studies included the myth of scientific method (Abd‐El‐Khalick & Akerson, 2004; Bell et al., 

2016; Mulvey & Bell, 2016).  Consequently, cross-sectional analysis was done per aspect and 

with different weighing.  The entire analysis is shown in Table 4.  Note that the study 

conducted by Akerson et al. (2000) consisted of two parts (undergraduate and postgraduate 

students) and was analysed separately.  

The percentage of change was calculated as the difference between the number of 

informed views before and after the intervention.  Essentially, all educational interventions in 

NoS research were aimed at enhancing understanding of NoS, which was reflected in the 

number of participants with informed views at the end of the programme, corrected by the 

initial number.  In an ideal experimental study, it should also be corrected by the control 

group, and this has been criticized elsewhere (Deng et al., 2011).  In the absence of control 

groups, these nine studies were treated as quasi-experimental studies.  

In general, about half of participants changed their views after various interventions 

aimed at enhancing NoS understanding.  The view on scientific laws and theories seemed to 

gain a high percentage of change (60%), of seven studies analysed here.  It was a substantial 

change, considering participants began with an average of 83% naïve views prior to the 
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intervention.  Indeed, the myth of scientific knowledge seemed to gain the highest percentage 

(74%), but this was an average of only three studies that included this aspect in the 

investigation.  Concurrently, the aspect of observation and inference in science gained the 

lowest percentage of change (32%), of six studies analysed.  In Demirdöğen and Uzuntiryaki-

Kondakçı (2016), this change was as low as 10%.  

Pedagogical Frameworks for NoS 

An appropriate pedagogical framework is needed when conducting research on NoS, as 

it serves as a foundation on which rationale is justified and theory revisited.  It is also an 

effective tool to translate the somewhat abstract and philosophical notion of NoS into 

operable research instruments.  In the realm of science education practice, these frameworks 

are also of paramount importance, as they will inform teaching strategies and curricular 

decisions.  The literature clearly suggests that research on NoS falls within the domain of 

philosophy of science, often indicated by a reference to the ontological and epistemological 

arguments for scientific theory (e.g., Aikenhead, 1987; Hodson, 1985; Kang & Wallace, 

2004).  It also draws frameworks from psychology, such as Nersessian’s (1989) study on the 

comparative reasoning required in discovery and learning processes, which he found to be the 

same.  

A range of different pedagogical frameworks has been used to put the empirical research 

into perspective.  Based on similarities and differences in characteristics, the following 

frameworks have been identified: (a) science studies pedagogies, (b) inquiry-based 

pedagogies, (c) explicit, reflective pedagogy, (d) constructivist pedagogies, (e) authentic 

learning environment (f), learning continuum pedagogies, and (g) traditional pedagogies.  

The distribution of these frameworks among the reviewed studies is shown in Figure 7.  

Science studies pedagogies were used by most researchers in 49 publications.  The following 

subsections elaborate on three most common pedagogical frameworks.  
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Science Studies Pedagogies. In their work on science education, Taber and Akpan (2016) 

refer to the vast literature on NoS as ‘science studies’.  These are essentially an academic 

field that examines important topics and ideas around the nature of scientific knowledge and 

methods, limits of science, logic and creativity in science, human aspect and cultural 

embeddedness of science, as well as institutional aspect of science.  More than they are a 

body of knowledge, science studies are also a pedagogical underpinning.  In the context of 

NoS research and practice, they inform decisions made to conceptualize the various aspects 

of NoS in question.  

Three distinctive research traditions inform science studies pedagogies, namely 

philosophy of science, history of science, and sociology of science.  In this review, this 

pedagogical framework is used by the majority of researchers, such as Mackay (1971), 

Aikenhead (1987), Lin and Chen (2002), Lederman et al. (2002), and Williams and Rudge 

(2016).  In several cases, the broad field of pedagogy derived from philosophy of science is 

specified into approaches such as personal epistemologies (Mack & Towns, 2016) and 

epistemological relativism (Caussarieu & Tiberghien, 2017).  The former refers to beliefs 

about the certainty, simplicity, and source of knowledge, as well as justification for knowing 

(Bendixen & Rule, 2004), whereas the latter refers to Kuhn’s critique of logical positivism in 

science (Doppelt, 1978).  In the early development of NoS research, the history of science has 

been commonly used as a framework.  In fact, the first eight publications in this review were 

strongly inclined toward a closer look at the historical development of science.  Accordingly, 

Abd‐El‐Khalick et al. (2008) incorporate sociology of science in their analysis of NoS 

representations in high school chemistry textbooks.  

Abd-el-Khalick and colleagues (1998) found that preservice science teachers’ 

conceptions of NoS did not necessarily influence their classroom practice.  Albeit necessary, 

the understanding of NoS in itself was not enough.  It could only translate into their teaching 
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if it was reinforced by the culture of lesson preparation, in which the rationale behind and 

importance of NoS in their pedagogy were addressed.  Professional development for teaching 

staff was highly recommended, although they conceded that the actual effect of coursework 

in the history of science might not be based on empirical evidence, as assumed by previous 

investigators (e.g., Carey & Stauss, 1968; Klopfer & Cooley, 1963; Solomon et al., 1992).  

This was later challenged by Lin and Chen (2002).  In their study, the benefits of teaching 

chemistry through history were investigated.  The understanding of NoS between seniors and 

juniors of a teacher preparation programme was compared.  Analysis of covariance revealed 

that the senior group outperformed the juniors as they had a better understanding of the 

nature of creativity, the theory-based nature of scientific observations, and the functions of 

theories (Lin & Chen, 2002).  The result suggests that a curriculum that includes the history 

of science has potentials to enhance understanding of NoS. 

Explicit, Reflective Pedagogy. Within an explicit, reflective pedagogical approach, NoS 

aspects are made explicit to students and instructors.  In this case, explicit refers to carefully 

planned instructional practices that allow for NoS aspects to be openly covered in class, 

whereas reflective refers to students having the opportunity to come to their own conclusions 

about NoS aspects and not just repeating what the instructor tells them (Williams & Rudge, 

2016).  The significance of incorporating reflective elements in teaching NoS lies in making 

learning more meaningful and effective (Yacoubian & BouJaoude, 2010).  Goff et al. (2012) 

assert that not only should NoS be taught explicitly, assessments and reflections should also 

be made explicit. 

Of all studies reviewed, 29 studies (40%) incorporated an explicit, reflective pedagogy.  

The general agreement regarding the effectiveness of this pedagogical framework was that a 

reflective perspective on NoS engaged students with authentic scientific practice as an ideal 

context for influencing and assessing their NoS views (Abd-El-Khalick, 2012).  However, 
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this engagement on its own was not sufficient.  Substantiated through empirical findings in 

this review, reflective practice was found to be essential in encouraging meaningful learning, 

which incorporated cognitive, affective, as well as philosophical dimensions.  Students were 

engaged in reflective discourse about their own practice and the ideas they constructed, 

instead of blindly adhering to the practice of scientists and canonical scientific knowledge. 

As an illustration, Yacoubian and BouJaoude (2010) found that explicit and reflective 

discussions enhanced students’ views of the tentative, empirical, subjective, & social aspects 

of NoS, whereas the implicit approach in science laboratory (even in an inquiry-based 

laboratory) was not effective in enhancing students’ NoS views.  Similarly, Abd‐El‐Khalick 

and Lederman (2000) found that exposing preservice science teachers to explicit NoS 

instruction in science methods courses prior to their enrolment in History of Science courses 

might increase the likelihood that their NoS views will be changed or enriched as a result of 

their experiences with the course. 

Inquiry-based Pedagogies. Often in combination with other pedagogical frameworks, 

inquiry-based pedagogies are third most common framework in NoS studies (27 out of 73 

reviewed).  With its structure and emphasis on thinking and working like a scientist, inquiry 

has become a signature pedagogy of science education, especially in a laboratory context.  

According to Crippen, Archambault, and Kern (2013), scholars have called for more open-

ended inquiry as an opportunity for students to gain a better understanding of the nature of 

authentic scientific work.  The essential features of inquiry include engaging learners with 

scientifically oriented questions.  In doing so, learners are taught to prioritize evidence by 

which they evaluate explanations that address scientifically oriented questions.  They are also 

taught to communicate and justify their proposed explanations. 

Based on the importance of the process of science and related scientific practices, Lunde 

et al. (2016) define inquiry-based science pedagogy as teaching and learning strategies that 
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mirror the epistemic characteristics of science as a collection of methods and argumentative 

research communities.  The ultimate purpose of this pedagogy is to teach about NoS as 

science-in-process.  Martin-Dunlop (2013) found correlations between a favorable learning 

environment and improved understandings of NoS.  Open-endedness and cooperation were 

identified as variables that contribute the most, particularly the aspects of creativity and 

testability in science.  Various forms of inquiry-based pedagogies are identified in this 

review, and will be elaborated in the next section.  

NoS Research in the Laboratory 

As an integral part of science education, laboratory has a distinctive pedagogy that 

characterizes learning in its premises.  Laboratory education is in itself a specific research 

area on which the corpus of literature is growing.  Four decades of literature in laboratory 

education have been reviewed elsewhere (Agustian & Seery, 2017).  Therein a pedagogical 

framework to support learning in a complex environment such as laboratory has been 

proposed, by means of scaffolding and providing information in advance of a complex 

learning scenario.  Correspondingly, the paramount importance of designing pre-laboratory 

activities that (a) are embedded into the overall laboratory learning process; (b) focus on the 

whole task, overall strategy and approaches; (c) provide supportive information; and (d) 

address the affective domain has been reasserted. The guidelines were intended to be 

applicable to any type of strategy for effective learning in laboratory.  

Although not always stated in laboratory manuals or science textbooks (Abd‐El‐Khalick 

et al., 2008; Hegarty, 1978), understanding of NoS has actually been recognized as one of the 

five broad categories of laboratory objectives (Bates, 1978).  In practice, however, it is not 

always made explicit.  Principally, this systematic review is aimed at characterising a 

laboratory curriculum, particularly in undergraduate level, that is pedagogically as well 
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philosophically informed.  Explication of NoS aspects in the laboratory is arguably the first 

step toward pedagogical and philosophical validation of such curriculum.  

Several pedagogical approaches to NoS instruction in laboratory have been identified.  

Evidently, these approaches fall in the previous categories of pedagogical frameworks for 

NoS.  In order to answer the third question of this review, viz. ‘To what extent does NoS 

research inform undergraduate science and laboratory education?’ some of these approaches 

will be elaborated. 

Science teaching laboratory, especially in undergraduate level, seems to miss the NoS 

research development.  This is described as follows.  In terms of educational contexts in 

which NoS studies have been conducted, there is an almost equal divide between pre-college 

and college levels.  Around 39 publications are from the latter, 20 of which are in teacher 

education.  Around 66% of the publications are in general science context, whereas 32% are 

in specific science disciplines such as chemistry and physics.  There are 20 studies conducted 

in a laboratory context, which accounts for 27% of the entire publications.  However, only 

seven studies focussed on science major undergraduate laboratories, i.e. four in biology 

(Bautista et al., 2014; Hegarty, 1978; Saunders & Dickinson, 1979; Schussler, Bautista, Link-

Pérez, Solomon, & Steinly, 2013), two in chemistry (Russell & Weaver, 2008; Russell & 

Weaver, 2011); and one in physics (Caussarieu & Tiberghien, 2017). 

Various educational interventions aimed at teaching students about NoS have been 

designed, implemented, and evaluated.  Schussler et al. (2013) manipulated underlying 

laboratory pedagogy and NoS treatment in an introductory biology laboratory course and 

found that students’ understanding of NoS was significantly affected by the intervention.  

Previously, Russell and Weaver (2011) compared three different laboratory curricula in an 

attempt to gauge the impact of those curricula on university students’ understanding of NoS.  

The traditional verification laboratory was compared to inquiry-based and research-based 
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laboratories.  Their findings suggest that research-based laboratory curriculum demonstrates 

the most learning gains in the understanding of NoS. 

In terms of pedagogical frameworks for NoS in the laboratory, the following approaches, 

often used in combination, have been identified: inquiry-based pedagogies (16 studies), 

explicit, reflective pedagogies (7 studies), constructivist pedagogies (6 studies), authentic 

learning environment pedagogies (6 studies), learning continuum pedagogies (3 studies), and 

traditional pedagogies (8 studies).  Inquiry-based pedagogies were the most common 

framework for teaching and studying NoS in the laboratory.  

Accordingly, several inquiry-based pedagogical frameworks have been specified.  For 

example, the activity model of inquiry has been found to facilitate students’ understanding of 

NoS (Marchlewicz & Wink, 2011).  This approach served as a thinking frame in which NoS 

aspects can be taught.  Referring to Harwood (2004), this model identifies 10 activities in the 

course of inquiry, whereby scientist move among its unique paths as often as they find 

necessary, as shown in Figure 8.  This model breaks the myth of the scientific method, which 

assumes that inquiry is a simplistic, linear method.   

Constructivist pedagogies are also used in NoS studies in laboratory.  According to 

Vhurumuku (2011), the constructivist view of science entails an understanding that scientific 

knowledge is partly subjective, tentative, problematic, invented, and revisionary.  Pomeroy 

(1993) categorizes this view as non-traditional, as opposed to the traditional, largely positivist 

view.  In their investigation into the impact of laboratory curriculum on students’ 

understanding of NoS, Russell and Weaver (2011) found that there was little curricular 

impact at the surface level.  Students in research-based laboratory, however, seemed to 

develop sophisticated conceptions and deeper understanding of NoS compared to students in 

traditional verification and inquiry-based laboratories.  One of the determining factors in the 
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success of this curriculum was the explication and explicitness of NoS in the laboratory 

pedagogy.  

Discussion 

In this section, the evidence for each main outcome will be discussed, in light of their 

strengths and limitations.  Links to the review questions will be highlighted and gaps in the 

corpus of knowledge of NoS research will be identified.  A set of guidelines for future 

research will be proposed.  

Strong Foundation on Philosophy of Science 

Philosophy of science virtually encapsulates the whole range of different theoretical and 

research approaches in the nature of science.  Within this premise, epistemology serves as a 

foundation for how scientific knowledge is viewed and valued.  Aikenhead (1987) intimates 

that scientific knowledge is a consensus of scientific community, which becomes valid when 

it fits in the prevailing knowledge system that has been rigorously tested and reviewed over 

time.  This view is known to be rooted in an epistemological stance defined by Kuhn (1962) 

in his work on the structure of scientific revolutions and paradigm shifts therein.   

The use of philosophy of science as a foundation for pedagogical approaches to teach 

NoS is also defended by Monk and Osborne (1997), as they argue that a pedagogic strategy 

informed by the history and philosophy of science would not only support the learning of 

science but also learning about science.  They maintain that epistemology in science 

education does matter because science deals with not only the question of “what we know” 

(ontological posture), but also “how we know” (epistemological posture).  It is also essential 

for distinguishing between justified and unjustified beliefs, between science and 

pseudoscience, between conjectures and evidence-based findings.  However, Kirschner 

(1992) rejects the naïve assumption that a theory of education can be extracted directly from 
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a philosophy of science.  He contends that these two phenomena belong to different domains, 

albeit overlapping.   

Based on this systematic review, pedagogical frameworks derived from the philosophy 

of science belong to a larger group of science studies pedagogies.  The extent to which the 

domains of history, sociology, and philosophy of science have been translated into 

pedagogical approaches is different from study to study.  Nevertheless, it is arguably 

important to be taken into account, particularly by science curriculum designers.  The 

translation of philosophical notions of science into operational teaching strategies requires a 

continuous dialogue between philosophy and pedagogy, but due to their different domain 

knowledge and approach, curriculum designers should aim at substantiation, by looking at 

evidence from research. 

It is also noteworthy that the strong foundation on philosophy of science is not always 

the case.  The first two decades of NoS research have been criticized as being detached from 

the intellectual development in philosophy of science (Duschl, 1985; Duschl & Grandy, 

2013; Khine, 2012; Matthews, 2012).  Although the characterization of studies from these 

decades demonstrates frequent reference to science studies, as shown in Table 1, they were 

not well translated and substantiated.  The more recent studies suggest that integration of 

approaches seems to be more effective (e.g., Ozgelen, 2012; Vesterinen & Aksela, 2012; 

Williams & Rudge, 2016). 

One of the reasons why curriculum reform failed in this context was arguably the lack of 

ideational grounding on the history and philosophy of science (Hodson, 1985; Wagner, 

1983).  On one hand, there was resistance toward curriculum implementations among 

educators.  On the other hand, there was a problem associated with the unfamiliarity of 

curriculum developers, who were largely scientists, with the complexity of educational 

practice.  Consequently, there was palpable lack of newer philosophical ideas about the 
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development of and synergy between scientific knowledge and curriculum research, which 

led to the failure of the reform.  Duschl (1985) argued that these curricula reinforced the 

empiricist and logical positivist notion of presenting only fully developed scientific theories. 

It was an obsolete epistemology of science, in which experiments were taught as ways to 

prove or falsify hypotheses rather than a method to construct new conceptual theoretical 

meanings.  Likewise, Novak (1988) posited that in philosophical circles, empiricism and 

positivism had been abandoned but in science curriculum circles, it was still very much alive.  

Strong Representation of the Tentative Nature of Scientific Knowledge 

NoS conceptions have been an issue of ongoing debates and contestation.  Matthews 

(2012) argues that they should better be conceptualized as different features of science (FOS) 

to be elaborated, discussed and inquired about, rather than nature of science (NoS) items to 

somehow be learnt and assessed.  In (re)defining the aspects, or features, it should always be 

born in mind that they are not exhaustive.  There are more avenues for characterizing science 

that also meet the criteria of accessibility, consensus, and usefulness, as Lederman et al. 

(2002) and McComas (2002) propose, such as technological and economic aspects of science.  

However, Lederman’s substantiation of NoS can still be a useful point of departure, provided 

that it is not viewed as a catechism (Matthews, 2012), or a list of fixed tenets to be taught and 

learned.  This systematic review departs from this rationale, and therefore allows for more 

conceptions of NoS (partly represented by ‘Other NoS aspects’ in the analysis).  

The literature suggests that NoS empirical studies focussed mostly on the tentative nature 

of scientific knowledge.  This presumably relates to the previous evidence of strong 

foundation on philosophy of science and pedagogical translations thereof.  Of all studies 

reviewed, three quarter inquired into the tentativeness of science, to different degrees and 

with various methods.  This is also reflected in several research instruments specifically 

developed to investigate the epistemological dimension of science, such as Perspectives on 
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Scientific Epistemology (Yacoubian & BouJaoude, 2010) and Science Epistemological 

Views (Arino de la Rubia et al., 2014).  

Need for More Attention to the Myth of Scientific Method 

The analysis of the entire studies in this review demonstrates that NoS aspect ‘the myth 

of scientific method’ receives the least attention from researchers (a merely 7%).  The five 

studies assigning this aspect (i.e. Burgin et al., 2015; Kimball, 1968; Marchlewicz & Wink, 

2011; Vhurumuku, 2011; Vhurumuku, Holtman, Mikalsen, & Kolsto, 2006) suggest that 

most participants (students and, to a lesser extent, scientists) hold a naïve view that a single, 

prescriptive, stepwise procedure has to be followed to generate scientific knowledge.  

Although this view has been debunked by philosophers, historians, and scientists alike (Abd-

El-Khalick, 2012), the misconception seems to linger.  Data from more studies are needed to 

establish the extent to which this particular misconception can be changed by means of an 

intervention, but an average percentage of change calculated for three NoS studies in 

laboratory context indicates a promising 74%.  

Strong Evidence for Explicit, Reflective NoS Pedagogy 

The literature strongly suggests that an explicit and reflective (ER) approach are more 

effective than an implicit approach (e.g., Abd-El-Khalick, Bell, & Lederman, 1998; Burgin et 

al., 2015; Demirdöğen, Hanuscin, Uzuntiryaki-Kondakci, & Köseoğlu, 2015; Scharmann, 

Smith, James, & Jensen, 2005; Schussler et al., 2013; Schwartz et al., 2004).  Understanding 

of NoS is enhanced when it is introduced in an explicit-reflective manner.  Through careful 

sequencing of instructional unit, from more scientific to less scientific continuum, Scharmann 

et al. (2005) found that explicit and reflective NoS pedagogy allows for more honest and 

respectful discussion on controversial issues such as the dynamic between evolution theory 

and religion.  The explicit-reflective instruction is also effective in the context of inquiry-

based laboratory instruction (Bautista et al., 2014; Eymur, 2019; Lunde et al., 2016; Ozgelen, 
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Yilmaz-Tuzun, & Hanuscin, 2013; Schussler et al., 2013; Yacoubian & BouJaoude, 2010).  

For example, half of preservice science teachers in Ozgelen et al.’s study (2013) develop 

their NoS views after an intervention in laboratory application.  

Need for Philosophical Validation of Undergraduate Laboratory Curricula 

An indispensable part of science education, laboratory has also been used as a context for 

research on NoS.  Several aspects of laboratory education have been investigated, such as the 

level of scientific inquiry in laboratory manuals (Hegarty, 1978), teachers’ epistemological 

beliefs regarding laboratory activities (Kang & Wallace, 2004), and the impact of laboratory 

curriculum on students’ understanding of NoS (Russell & Weaver, 2011).  Overall, 

laboratory context accounts for around a quarter of published NoS studies, consisting of both 

pre-college and college levels.  This arguably does not do justice to the essential role of 

laboratory in science education.  Although the role of laboratory in pre-college education has 

been debated elsewhere (Hodson, 1993; Hofstein & Lunetta, 2004; Kirschner, 1992), it is an 

indispensable element of science undergraduate curriculum (Reid & Shah, 2007). 

Lamentably, only 10% of all NoS studies reviewed were conducted in science major 

undergraduate laboratories.  The scant knowledge and intellectual discourse on NoS in 

science undergraduate laboratory context necessitates more investigation as well as 

contestation.  Thankfully, approaches to laboratory education and learning from pedagogy 

and cognitive psychology have been substantiated.  See for example, Seery, Agustian, and 

Zhang (2018) for chemistry laboratory; Trumper (2003) for physics laboratory; Wood (2009) 

for biology laboratory; and Abdulwahed and Nagy (2009) for engineering laboratory.  In this 

systematic review, however, it is argued that a pedagogical and philosophical validation of 

undergraduate science curriculum is necessary for an effective learning in the laboratory.  

The research development in undergraduate laboratory pedagogies and curricular 

implementation thereof is satisfactory, but if undergraduate science laboratory education is 
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genuinely aimed at teaching students about both substantive and syntactical structures of 

science, philosophical validation of laboratory curriculum is arguably needed.  

On research level, findings from the following example illustrates how both pedagogical 

and philosophical validation of laboratory curriculum is at work. Schussler et al. (2013) 

found that students’ understanding of the creative, tentative, empirical and inferential aspects 

of NoS as well as the myth of scientific method could be improved, but combination of 

pedagogies matters.  They argue that expository laboratories paired with explicit, reflective 

instruction would maximize NoS gains, contrary to national reform recommendations to 

employ inquiry-based laboratories.  These findings require more substantiation and rival 

approaches, in my view, in order to provide a richer description and a more rigorously-

contested view on this kind of validation.  

In designing undergraduate laboratory curricula, priorities must be weighed and 

compromises may have to be made, but if student understanding of NoS is to be a major 

curriculum goal of science education, more efforts should be made to promote explicit NoS 

instruction.  Furthermore, designing a course needs a collaborative work between instructors 

and researchers to construct a conceptual framework (Caussarieu & Tiberghien, 2017).  This 

design-based research approach will help instructors become aware of the necessity of 

refining and aligning their goals. Likewise, science education researchers ought to work 

together with philosophers of science in keeping with the contemporary debates and 

discourse on both substantive and syntactical structures of science.  

In addition to science content knowledge and skills, NoS should be continuously 

reinforced as an objective of science education in undergraduate level, so that the integral 

role of laboratory work in science disciplines could be more clearly perceived.  In doing so, 

laboratory instructors are encouraged to collect perception data from their students in a 
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dialogue concerning the role of laboratory in science and how their view of science could 

enhance the learning of scientific concepts and NoS.  

Conclusion 

The concept of nature of science has played an essential role in the last six decades of 

development in science education research. To date, it has been contextualised in virtually all 

educational levels, but mostly secondary education. Ongoing philosophical debates on its 

conceptualisation render the assessment of NoS understanding a complex, contestable field of 

scholarship. However, NoS research methodology is a growing body of knowledge in its 

own. In this review, we found that an open-ended, qualitative research approaches are better 

in discerning salient features of NoS views. Such approaches are philosophically also more 

robust in addressing specific NoS aspects, which are represented to different degrees in the 

literature. A range of pedagogical frameworks has been used to underpin different 

educational interventions aimed at enhancing NoS views. These often involve an explicit and 

reflective element. Although knowledge in this area is growing, laboratory education seems 

to escape the development. This is particularly true for undergraduate science majors.  

Several trends related to the research development are identified. Philosophy of science 

seems to encapsulate different theoretical and research approaches in NoS. However, a caveat 

is identified, as there has been a lack of ideational grounding on the history and philosophy of 

science especially during the nationwide science curriculum reform in 1960s America. More 

recent debates in this field of research have, to some extent, addressed this issue. Strong 

representation of the tentative nature of scientific knowledge and need for more attention to 

the myth of scientific method have been identified in the literature. Based on our review, we 

argue for pedagogical and philosophical validation of undergraduate laboratory curricula.  
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Table 1. Characterizations of seventy-three research publications on Nature of Science between 1960 and 2019 

Studies Contexts Countries Participants n Aims Interventions 
NoS 

representations 

Pedagogical 

frameworks 
Methods Instruments 

Cooley and Klopfer 

(1963) 
School science US Students 3978 DI n/a 1, 2, 3, 6, 7, O SS Quant TOUS 

Klopfer and Cooley 

(1963) 
School science US Students 2808 ECI n/a 1, 2, 3, 6, 7, O SS Quant TOUS 

Welch and Pella 

(1967) 
School science US Students 1283 DI n/a 2, 3, 5, 7, O SS Quant SPI 

Carey and Stauss 

(1968) 
School science US Teachers 31 EV 

Science methods 

course 
1, 2, 3, 6, 7, O SS Mix WISP, Wr 

Welch and Walberg 

(1968) 
School physics US Students 2700 DI 

Project Physics 

course 

1, 2, 3, 5, 6, 7, 

O 
SS Quant TOUS, SPI 

Kimball (1968) 
Professional & 

school science 
US 

Scientists & 

Students 
151 DI n/a 

1, 2, 5, 6, 7, 8, 

O 
SS Quant NoSS 

Carey and Stauss 

(1970) 
College science  US Teachers 31 EV 

Science 

education course 
G SS Quant WISP 

Mackay (1971) School science Australia Students 1556 ECI 
Integrated 

science course 
1, 2, 3, 6, 7, O SS Quant TOUS 

Billeh and Hasan 

(1975) 
School science Jordan Teachers 186 ECI 

Summer training 

course 
1, 2, 6, 7 SS, CP Quant NoST 

Rubba and 

Andersen (1978) 
School science US Students 674 DI n/a 2 SS Quant NSKS 

Hegarty (1978) 
College biology 

lab 
US 

Tutors & 

Students 
141 AER n/a 1 IB, AL Quant 

Obs, Int, 

Wr 

Saunders and 

Dickinson (1979) 

College biology 

lab 
US Students 150 ECI 

Individual lab 

work 
G TP, IB Quant SAI, Ex 

Aikenhead (1987) School science Canada Students 10800 EV n/a 1, 2, 3, 4, 6, 7 SS Mix 
VOSTS, 

Wr 

Lehman (1989) 
School 

chemistry lab 
US 

Teachers & 

Students 
2070 EV n/a G AL, IB Mix Surv, Wr 

Lederman and 

O'Malley (1990) 
School science US Students 69 EV n/a 2, 3, 5, 7 SS, TP Mix Que, Int 

Brickhouse (1990) School science US Teachers 3 AER n/a 1, 2, 3, 6 SS, TP Mix 
Int, Obs, 

Wr, Ex 

Songer and Linn 

(1991) 
School science US Students 153 EV AER 

Computer as Lab 

Partner 
2, 3 CP, TP, IB Mix Que, Int 
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Aikenhead and 

Ryan (1992) 
School science Canada Students 5000 DI n/a 

1, 2, 3, 4, 5, 6, 

7, O 
SS Quant VOSTS 

Ryan and 

Aikenhead (1992) 
School science Canada Students 5000 EV n/a 

1, 2, 3, 4, 5, 6, 

7, O 
SS Quant VOSTS 

Solomon et al. 

(1992) 
School science UK Students 400 ECI HOS course 1, 3, 7 SS Mix Int, Surv 

Linn and Songer 

(1993) 
School science US Students 181 ECI 

Computer as Lab 

Partner 
2, 3 CP, TP, IB Mix VOS, Int 

Abd-El-Khalick et 

al. (1998) 

Teacher 

education 
US 

Preservice 

Teachers 
14 AER 

Science method 

& pedagogy 

courses 

1, 2, 3, 4, 5, 6, 

7 
ER, AL Qual 

Que, Int, 

Obs, Wr 

Tsai (1999) 
School science 

lab 
Taiwan Students 25 AER n/a 1, 2 CP, TP, IB Mix 

SLEI, Obs, 

Int, Ex 

Bell, Lederman, 

and Abd‐El‐Khalick 

(2000) 

Teacher 

education 
US 

Preservice 

Teachers 
13 AER MA in Teaching 

1, 2, 3, 4, 5, 6, 

7 
ER, AL, LC Qual 

Que, Int, 

Obs, Wr 

Abd‐El‐Khalick and 

Lederman (2000) 

College & 

teacher 

education 

US 

Students & 

Preservice 

Teachers 

181 ECI HOS course 
1, 2, 3, 4, 5, 6, 

7 
SS, ER, LC Qual 

Que, Int, 

Obs, Wr 

Akerson et al. 

(2000) 

Teacher 

education 
US 

Preservice 

Teachers 
50 ECI 

Science method 

course 

1, 2, 3, 4, 5, 6, 

7 
ER, AL Qual 

Que, Int, 

Obs, Disc, 

Wr 

Tsai (2002) School science Taiwan Teachers 37 EV n/a G CP Qual Int 

Lin and Chen 

(2002) 

Teacher 

education 
Taiwan 

Preservice 

Teachers 
63 ECI 

Chemistry 

teaching method 

course 

1, 2, 3, 4, 7 SS Mix 

Surv 

(VOSTS), 

Int 

Lederman et al. 

(2002) 
School science US Students NA DI n/a 

1, 2, 3, 4, 5, 6, 

7 
SS Qual VNoS, Int 

Bell et al. (2003) School science US Students 10 ECI 

Science 

apprenticeship 

programme 

1, 2, 3, 4, 5, 6, 

7 
ER, IB, AL Qual VNoS, Int 

Steinberg (2003) 

Teacher 

education 

(physics) 

US 
Preservice 

Teachers 
8 EV 

Microcomputer-

based lab 
1, 3, 7 CP Mix Int, Ex 

Schwartz et al. 

(2004) 

Teacher 

education 
US 

Preservice 

Teachers 
13 ECI 

Science research 

internship 

1, 2, 3, 4, 5, 6, 

7 
ER, IB, AL Qual 

VNoS, Int, 

Obs 

Abd‐El‐Khalick and 

Akerson (2004) 

Teacher 

education 
US 

Preservice 

Teachers 
28 EV 

Science method 

course 

1, 2, 3, 4, 5, 6, 

7 
ER, LC Qual VNoS, Int 
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(elementary) 

Kang and Wallace 

(2004) 

School science 

lab 
US Teachers 3 AER 

Professional 

development 

programme 

1, 2, 3 IB, TP Qual 
Int, Obs, 

Wr 

Scharmann et al. 

(2005) 

Teacher 

education 
US 

Preservice 

Teachers 
9 DI 

Lab Techniques 

in Teaching of 

Science 

1, 2, 3, 7, O 
SS, ER, 

AL, LC 
Qual Wr, Disc 

Ottander and 

Grelsson (2006) 

School biology 

lab 
Sweden Teachers 4 EV n/a G TP Mix 

Que, Int, 

Obs 

Vhurumuku et al. 

(2006) 

School 

chemistry lab 
Zimbabwe Students 72 EV n/a 1, 2, 3, 7, 8, O LC, CP, AL Qual Int, Wr 

Charney et al. 

(2007) 

School science 

lab 
US Students 30 ECI 

Student research 

programme 
1, 2, 7, O AL Mix 

Que, Disc, 

Wr 

Abd‐El‐Khalick et 

al. (2008) 

School 

chemistry  
US n/a 14 O n/a 

1, 2, 3, 4, 5, 6, 

7, O 
ER, SS Qual Textbooks 

Russell and Weaver 

(2008) 

College 

chemistry lab 
US Students 13 EV n/a G CP Qual Int 

Ibrahim, Buffler, 

and Lubben (2009) 
College physics 

South 

Africa 
Students 179 EV, AER n/a 1, 2, 3, 5, 7 LC Quant VASM 

Buffler et al. (2009) College physics 
South 

Africa 
Students 179 EV n/a 1, 2, 3, 5, 7 LC Quant VASM 

Yacoubian and 

BouJaoude (2010) 

School science 

lab 
Lebanon Students 38 ECI 

Reflective 

postlab 
1, 2, 3, 6 

ER, LC, IB, 

CP 
Qual 

POSE, 

Obs, Int 

Russell and Weaver 

(2011) 

College 

chemistry lab 
US Students 824 AER n/a 1, 2, 4 AL, IB, TP Qual Int 

Vhurumuku (2011) 
School 

chemistry lab 

South 

Africa 
Students 72 AER n/a 1, 3, 4, 6, 8 CP, TP Quant SEQ, LPVI 

Marchlewicz and 

Wink (2011) 

College 

chemistry  
US Students 18 ECI 

General 

chemistry course 
8 IB, LC Qual 

VNoS, Int, 

Obs 

Spector, Burkett, 

and Leard (2012) 
School science US Students NA O 

Museum of 

Science & 

Industry 

1, 2, 3, 4, 5, 6, 

7, O 
AL, CP Qual Wr 

Vesterinen and 

Aksela (2012) 

Teacher 

education 

(chemistry) 

Finland 
Preservice 

Teachers 
54 ECI 

PCK for NoS 

courses 
1, 2, 6, 7, O TP, ER, SS Qual Int, Wr 

Ozgelen (2012) 
Teacher 

education 
Turkey 

Preservice 

Teachers 
45 AER 

Lab Application 

in Science 

1, 2, 3, 4, 5, 6, 

7 

ER, IB, LC, 

SS, CP 
Mix 

VNoS, Int, 

EBQ, MAI 

Goff et al. (2012) College US Students 25 DI, ECI Chemistry 2, 3, 4, 6 ER, CP, SS Mix Ex, VNoS, 
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chemistry  curriculum Int 

Ozgelen et al. 

(2013) 

Teacher 

education 
Turkey 

Preservice 

Teachers 
52 ECI 

Lab Application 

in Science 

1, 2, 3, 4, 5, 6, 

7 
ER, IB  Qual VNoS, Int 

Schussler et al. 

(2013) 

College biology 

lab 
US Students 602 ECI 

Introductory 

biology lab 

1, 2, 3, 4, 5, 6, 

7 
ER, IB, TP Mix 

VOSTS, 

VNoS 

Crippen et al. 

(2013) 

School science 

lab 
US Teachers 35 EV n/a G IB Quant Surv 

Bektas et al. (2013) 

Teacher 

education 

(chemistry) 

Turkey 
Preservice 

Teachers 
7 EV n/a 

1, 2, 3, 4, 5, 6, 

7 
TP Qual 

Int, Obs, 

Wr, Que 

Ross, Hooten, and 

Cohen (2013) 
College science US Students 21 O 

Body Clocks 

interdisciplinary 

course 

G SS Qual 
Surv, Ex, 

Disc 

Martin-Dunlop 

(2013) 

Teacher 

education 

(elementary) 

US 
Preservice 

Teachers 
500 DI, AER 

Process 

Approach to 

Science 

1, 4, O IB Mix 

NSKS, 

WIHIC, 

SLEI, Int 

Arino de la Rubia et 

al. (2014) 
College science 

US & 

Taiwan 
Students 1581 EV n/a 1, 2, 3, 4, 6 SS Quant SEV 

Bautista et al. 

(2014) 

College science 

lab 
US 

Laboratory 

Assistants 
9 ECI 

Introductory 

biology lab 

1, 2, 3, 4, 5, 6, 

7 
ER, IB, TP Qual 

Obs, Int, 

Surv 

Flener-Lovitt 

(2014) 

College 

chemistry 
US Students 16 DI 

Climate Change 

chemistry 
1, 2 SS, AL Mix Ex, Wr 

Demirdöğen et al. 

(2015) 

Teacher 

education 

(chemistry) 

Turkey 
Preservice 

Teachers 
30 EV 

Research in 

Chemistry 

Education 

1, 2, 3, 4, 5, 6, 

7, O 
TP, ER, AL Qual 

VNoS, Int, 

Obs, Wr 

Burgin et al. (2015) School science US Students 8 ECI 
Research 

apprenticeship 
1, 2, 3, 4, 6, 8 ER, IB, AL Qual VNoS, Int 

Aydin (2015) 
College 

chemistry 
Turkey Faculty 1 EV n/a 

1, 2, 3, 4, 5, 6, 

7 
ER, AL Qual 

VNoS, Int, 

Obs 

Demirdöğen and 
Uzuntiryaki-

Kondakçı (2016) 

Teacher 

education 

(chemistry) 

Turkey 
Preservice 

Teachers 
30 ECI 

Research in 

Chemistry 

Education 

1, 2, 3, 4, 5, 6, 

7, O 
TP Qual 

VNoS, Int, 

Wr, Obs, 

Que 

Williams and 

Rudge (2016) 

Teacher 

education 

(elementary) 

US 
Preservice 

Teachers 
11 ECI 

History of 

Genetics 
1, 2, 5, 6, 7 

ER, LC, 

SS, AL 
Qual SUSSI, Int 

Lunde et al. (2016) 
School science 

lab 
Sweden Teachers 15 EV 

Professional 

development 

programme 

G ER, IB, AL Qual Disc, Int 
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Mack and Towns 

(2016) 

College 

chemistry 
US Faculty 24 EV n/a 7 SS Qual Int, Wr 

Mansour et al. 

(2016) 
School science UK Teachers 65 ECI InterLoc  2, 6, 7, O LC Qual Que 

Mulvey and Bell 

(2016) 
School science US Teachers 25 ECI 

Prof 

development 

programme 

1, 2, 5, 6, 7 ER, AL, LC Qual VNoS, Int 

Bell et al. (2016) 
Teacher 

education 
US 

Preservice 

Teachers 
70 ECI 

Science method 

course 

1, 2, 3, 4, 5, 6, 

7 
ER, AL, LC Mix 

Surv, 

VNoS, Int 

Caussarieu and 

Tiberghien (2017) 

College physics 

lab 
France Students 16 EV 

Introductory 

physics lab 
2, 7 SS, AL Qual 

Int, Que, 

Wr 

Colagrande et al. 

(2017) 

Teacher 

education 
Brazil 

Preservice 

Teachers 
19 EV Project Zero G ER, IB Qual Que 

Howitt and Wilson 

(2018) 
College science Australia Students 101 ECI 

Cross-

disciplinary NoS 

course 

1, 3, O LC, SS, CP Qual Wr 

Eymur (2019) 
School 

chemistry lab 
Turkey Students 45 ECI 

Argument-

Driven Inquiry 

1, 2, 3, 4, 5, 6, 

7 
ER, IB, CP Qual Int 

 

Aims: DI = Developing instruments, EV = Exploring views, ECI = Evaluating curricular intervention, AER = Assessing effects and relationships 

NoS Representations: 1 = Experimentation and empirical nature of science; 2 = Tentative nature of scientific knowledge; 3 = Philosophical subjectivity and theory-ladenness; 

4 = Scientific theories and laws; 5 = Creativity and imagination in science; 6 = Social and cultural embeddedness; 7 = Observation and inference in science; 8 = Myth of 

scientific knowledge; O = Other aspects and features of science; G = General NoS 

Pedagogical frameworks: SS = Science studies pedagogies; IB = Inquiry-based pedagogies; ER = Explicit, reflective pedagogies; CP = Constructivist pedagogies; AL = 

Authentic learning pedagogies; LC = Learning continuum pedagogies; TP = Traditional pedagogies 

Methods: Qual = Qualitative; Quant = Quantitative; Mix = Mixed methods 

Instruments: EBQ = Epistemological Beliefs Questionnaire; LPVI = Laboratory Programme Variables Inventory; MAI = Metacognitive Awareness Inventory; NoSS = 

Nature of Science Scale; NoST = Nature of Science Test; NSKS = Nature of Scientific Knowledge Scale; POSE = Perspectives on Scientific Epistemology Questionnaire; 

SAI = Scientific Attitude Inventory; SEQ = Scientific Epistemologies Questionnaire; SEV = Science Epistemological Views; SLEI = Science Learning Environment 

Inventory; SPI = Science Process Inventory; SUSSI = Student Understanding of Science and Scientific Inquiry; TOUS = Test of Understanding Science; VASM = Views 

about Scientific Measurement; VNoS = Views of Nature of Science; VOS = View of Science; VOSTS = View of Science-Technology-Society; WIHIC = What Is Happening 

In This Class;  WISP = Wisconsin Inventory of Science Processes; Disc = Group/classroom discussions; Ex = Exam scores; Int = Semi-structured Interviews; Obs = 

Observations (including videotaped); Que = Open-ended questionnaires (not specified); Surv = Survey instruments (not specified); Wr = Written assignments 
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Table 2. Categorization scheme for NoS research aims 

Research aims Codes Examples of studies 

Exploring views, beliefs, and 

perceptions regarding NoS aspects or 

related issues 

 

EV Carey and Stauss (1968), Colagrande et al. 

(2017), Ottander and Grelsson (2006), Ryan 

and Aikenhead (1992) 

Developing and validating research 

instruments or models to investigate 

NoS-related issues 

 

DI Flener-Lovitt (2014), Lederman et al. (2002), 

Rubba and Andersen (1978), Welch and 

Walberg (1968) 

Evaluating NoS-related curricular or 

pedagogical implementation 

ECI Howitt and Wilson (2018), Klopfer and Cooley 

(1963), Marchlewicz and Wink (2011), 

Solomon et al. (1992) 

 

Assessing effects and relationships 

between NoS and other educational 

aspects 

AER Abd-El-Khalick et al. (1998), Hegarty (1978), 

Ozgelen (2012), Vhurumuku (2011) 
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Table 3. Various research instruments used in NoS research 

Instruments 
Number of 

studies 
Examples 

Semi-structured interviews 43 VNoS* 

Questionnaires, of which: 66  

 Quantitative survey instruments 32 TOUS, SPI, NoSS, VOSTS 

 Open-ended questionnaires 34 POSE, SUSSI 

Observations  17 Videotaped observation 

Group/classroom discussions 5 Reflective discussion 

Written assignments 22 Reflective journal,  

reflective postlab 

Exam scores 8  

*See Table 1 for the definition of these abbreviations 
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Table 4. Percentage of change in NoS views after various interventions 

 NoS Aspects 

Studies Emp Ten Law Cre Sub Soc Inf Myt 

Akerson et al. (2000) UG 28% 44% 44% 56% 20% 24% 40%   

Akerson et al. (2000) PG 24% 56% 56% 24% 8% 16% 36%   

Abd-el-Khalick & Akerson (2004) 42% 53% 64% 68% 64%   50% 54% 

Yacoubian & BouJaoude (2010) 45% 0%     25% 30%     

Bektas (2013)   57%             

Demirdogen et al. (2015) 48% 63% 67% 50% 47% 43% 17%   

Demirdogen & Uzuntiryaki (2016) 46% 64% 67% 50% 47% 43% 10%  

Mulvey & Bell (2016) 88% 48% 80% 40% 56% 48%   92% 

Bell et al. (2016) 93% 77% 83% 47% 71% 76%   76% 

Eymur (2018) 41% 38% 17% 50% 41% 42% 38%   

Average percentage of change 51% 50% 60% 48% 42% 40% 32% 74% 

 

NoS Aspects: Emp = Experimentation and empirical nature of science; Tent = Tentative nature of scientific 

knowledge; Sub = Philosophical subjectivity and theory-ladenness; Law = Scientific theories and laws; Cre = 

Creativity and imagination in science; Soc = Social and cultural embeddedness; Inf = Observation and inference 

in science; Myt = Myth of scientific knowledge 
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Figure 1. Flow diagram of records selection
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Figure 2. Number of publications in NoS by decades 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

30

35

1960-1969 1970-1979 1980-1989 1990-2000 2000-2009 2010-2019

N
u
m

b
er

 o
f 

p
u
b

li
ca

ti
o

n
s 



SYSTEMATIC REVIEW OF RESEARCH IN NATURE OF SCIENCE, 1963-2019                                                          60 

 

 

 

 

Figure 3. Research settings in which NoS studies have been conducted 
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Figure 4. Distribution of research methods used in NoS studies 
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Figure 5. Trend in NoS research methods from decade to decade 
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NoS Aspects: Emp = Experimentation and empirical nature of science; Tent = Tentative nature of scientific 

knowledge; Sub = Philosophical subjectivity and theory-ladenness; Law = Scientific theories and laws; Cre = 

Creativity and imagination in science; Soc = Social and cultural embeddedness; Inf = Observation and inference 

in science; Myt = Myth of scientific knowledge; Oth = Other aspects and features of science 

 

Figure 6. Representations of NoS aspects in the literature 
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Figure 7. Pedagogical frameworks for NoS used in the literature 
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Figure 8. Activity model of inquiry (Harwood, 2004) 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Augustian C.pdf
	NAAPE 2019 Cover Pages
	Page 55


	Agustian P.pdf�
	Abstract
	Systematic Review of Research in the Nature of Science, 1963-2019: Toward Pedagogical and Philosophical Validation of Undergraduate Laboratory Curricula
	Nature of Science
	Conundrums of Laboratory Education

	Method
	Survey and Selection Method

	Results
	Contextualising Research on NoS

	Discussion
	Conclusion

	References


