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1 

Looking at the Social Aspects of Nature of Science in Science Education 1 

through a New Lens: The Role of Economics and Entrepreneurship 2 

Particular social aspects of the nature of science (NOS), such as economics of, and 3 

entrepreneurship in science, are understudied in science education research. It is not surprising 4 

then that the practical applications, such as lesson resources and teaching materials are scarce. 5 

The key aims of this article are to (a) synthesize perspectives from the literature on economics 6 

of science (EOS), entrepreneurship, NOS and science education in order to have a better 7 

understanding of how science works in society, and (b) illustrate how such a synthesis can be 8 

incorporated in the practice of science education. The main objectives of this article are to (1) 9 

argue for the role and inclusion of EOS and entrepreneurship in NOS; (2) explore the issues 10 

emerging in the ‘financial systems’ of the Family Resemblance Approach (FRA) to NOS and 11 

propose the inclusion of contemporary aspects of science, such as EOS and entrepreneurship 12 

into NOS; (3) conceptualize NOS, EOS and entrepreneurship in a conceptual framework to 13 

explain how science works in the society; and (4) transform the theoretical knowledge of how 14 

science operates in society into practical applications for science teaching and learning. The 15 

conceptual framework that we propose illustrates the links between State, Academia, Market 16 

and Industry (the SAMI cycle framework). We suggest practical lesson activities to clarify how 17 

the theoretical discussions on the SAMI cycle framework can be useful and relevant for 18 

classroom practice. In this article, science refers to physics, chemistry and biology. However, 19 

we also recommend an application of this framework to other sciences to reveal their social-20 

institutional side. 21 

Keywords: economics of science; entrepreneurship; nature of science; science 22 

education; social aspects of science; lesson resources 23 

1. Introduction 24 

During the past few decades, research interest in interdisciplinary characterization of science, which is 25 

the cross-curricular links between different domains, has become prominent in the science education 26 

literature. Some of these interdisciplinary research interests are ‘Socio-Scientific Issues’ (Lee et al. 27 

2012; Sadler and Dawson 2012), ‘Science-Technology-Society-Environment’ (Pedretti and Nazir 28 

2011), ‘History and Philosophy of Science’ (Matthews 2014) and ‘Nature of Science’ (Erduran 2014; 29 

Lederman et al. 2002). The focus in this article is nature of science (NOS) in science education, 30 

particularly concerning some social aspects of NOS, such as economics of science (EOS) and 31 

entrepreneurship. 32 
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There is considerable literature on NOS, for example, the characterization of NOS and 33 

assessment methods of NOS (Allchin 2011; Erduran and Dagher 2014; Irzik and Nola 2011; 34 

Lederman et al. 2002). These studies argue that learning about NOS is highly beneficial for students. 35 

For example, Driver et al. (1996) highlighted the potential benefits of learning about NOS, such as 36 

understanding the process of science and appreciating science as a pivotal element of contemporary 37 

culture. However, a substantial shortcoming of the research studies is that the social aspects of NOS 38 

are underrepresented (Jiménez-Aleixandre 2015). There is research emphasizing the importance of (1) 39 

using entrepreneurship in science classes (Board of Education and Discipline 2013; Deveci and 40 

Seikkula-Leino 2016; European Commission 2012; Martin et al. 2017; The Entrepreneurial School 41 

2014-2015); (2) EOS for science education (Allchin et al. 2014; Erduran and Mugaloglu 2013; 42 

Matthews 2014); and (3) integrating NOS into science syllabi (DES 2015). However, the link between 43 

entrepreneurship, EOS and NOS has not been explored. Therefore, the current NOS approaches lack a 44 

coherent overarching framework for understanding some contemporary social aspects of NOS, such 45 

as EOS and entrepreneurship, and their relationships. The purpose of this article is to incorporate the 46 

literature from EOS, entrepreneurship, NOS and science education to have a better understanding of 47 

social aspects of NOS, the role of EOS and entrepreneurship in NOS. Furthermore, we aim to 48 

introduce the SAMI cycle framework as a way of conceptualizing these concepts (EOS, 49 

entrepreneurship, NOS) and the relationship between them. The SAMI cycle framework aims to 50 

explain how science works in society by illustrating the links between the State/government, 51 

Academia, Markets and Industry. 52 

The primary objectives of this article are to (1) argue for the role and inclusion of EOS and 53 

entrepreneurship in NOS; (2) explore the issues emerging in the ‘financial systems’ of the Family 54 

Resemblance Approach (FRA) to NOS and propose the inclusion of contemporary aspects of science, 55 

such as EOS and entrepreneurship into NOS; (3) conceptualize NOS, EOS and entrepreneurship in a 56 

conceptual framework (the SAMI cycle framework) to explain how science works in the society; and 57 

(4) transform the theoretical knowledge of how science works in the society into practical applications 58 

for science teaching and learning. To achieve these goals, we rely on the Family Resemblance 59 

Approach (FRA), which is one of the NOS approaches proposed for science education (Erduran and 60 

Dagher 2014; Irzik and Nola 2011). 61 

2. Nature of Science (NOS) 62 

This section presents the contemporary NOS approaches, the rationale for relying upon the FRA and 63 

introduces the FRA by focusing on its economic aspect. There have been many studies attempting to 64 

characterize NOS in science education (Abd-El-Khalick 2012; Allchin 2011; Irzik and Nola 2014; 65 

Matthews 2012; McComas et al. 1998). Some of the recent NOS approaches proposed for science 66 

education are the ‘consensus view’; the ‘features of science’ (FOS); the ‘whole science’ and the 67 
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‘family resemblance approach’ (FRA). In these approaches, the role of economics is highlighted in 68 

the social aspects of NOS either explicitly or implicitly. For example, the ‘consensus view’ refers to 69 

economics in social-cultural embeddedness, the ‘whole science’ mentions economics as 70 

funding/economics, the FRA mentions the importance of economics in general and the extended FRA 71 

embraces ‘financial systems’ as one of the categories in the social-institutional system (SIS) of 72 

science. 73 

NOS is characterized as a comprehensive area of research in science education incorporating 74 

perspectives based on cognitive, epistemic, social, political, scientific, and economic aspects of 75 

science education and it aims to understand how science works (Erduran and Dagher 2014; Irzik and 76 

Nola 2014). The FRA as one of the NOS approaches was adapted from philosophy into NOS and 77 

revised by Irzik and Nola (2011, 2014). In the FRA for NOS, Irzik and Nola (2011) suggested 78 

investigating dissimilarities as well as similarities of each science discipline and building up a set of 79 

characteristics for each of them. Furthermore, they claimed that science cannot be distinguished from 80 

social, cultural, historical and political factors. Aligned with this, Erduran and Dagher (2014) have 81 

extended and elaborated on the FRA to develop a more comprehensive and thorough account of an 82 

FRA-based NOS account in science education. In Erduran and Dagher’s (2014) version of FRA, the 83 

four categories offered by Irzik and Nola (2014) and three other categories proposed by Erduran and 84 

Dagher (2014), such as ‘financial systems’, were gathered under a single umbrella called ‘science as a 85 

social-institutional system’ to re-conceptualize NOS holistically. Thus, there are three systems in 86 

NOS, namely cognitive, epistemic and social-institutional system (Erduran and Dagher 2014). Here, 87 

our focus is on the social-institutional system of science in NOS. There are seven elements of SIS of 88 

science, which are: 89 

1. Professional activities 90 

2. Scientific ethos 91 

3. Social values of science 92 

4. Social certification and dissemination 93 

5. Social organizations and interactions 94 

6. Political power structures 95 

7. Financial systems 96 

Therefore, ‘financial systems’ is explicitly included in the extended FRA in NOS. Within this context, 97 

the extended FRA does not only embrace the social aspects of NOS, such as economic aspects but 98 

also includes and details a broader set of categories by exemplifying the transformation of the 99 

theoretical ideas into classroom practice. The extended FRA (Erduran and Dagher 2014) is the most 100 

comprehensive and informed approach about the economic aspect of NOS with the direct inclusion of 101 

‘financial systems’. 102 
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Although ‘financial systems’ is included in the extended FRA, the reference to economics in 103 

the interdisciplinary research areas, such as NOS, has been reasonably broad with little theoretical 104 

input from the formal discipline of EOS (Erduran and Mugaloglu 2013). Therefore, in the next 105 

section, EOS is introduced conceptually by providing the literature from its formal discipline and 106 

explored through the organizational and economic dynamics that govern scientists and scientific 107 

communities. Furthermore, the place of EOS in science education is also discussed. 108 

3. Economics of Science (EOS) 109 

This section introduces EOS conceptually by providing the literature from the ‘economics of science’. 110 

While introducing EOS, its elements are specified and thematized systematically. At the end of 111 

Section 3, relevant science education literature to EOS is also briefly presented to help identifying the 112 

role of EOS in NOS and science education. During the 20th and 21st century, many studies have been 113 

conducted on EOS (Audretsch et al. 2002; Diamond 2008; Erduran and Mugaloglu 2013; Irzik 2007; 114 

Mirowski and Sent 2008; Romer 2001; Stephan 1996). For example, Mirowski and Sent (2002) 115 

highlighted the place of economics in science by stating that “deep down, all scientists understand that 116 

at some fundamental level, there is some sort of economic process or processes channeling and 117 

fortifying their science; it is indisputable that someone, for some reason, has been picking up the tab” 118 

(p.1). Furthermore, Diamond (2008) addressed the aims of EOS as “to understand the impact of 119 

science on the advance of technology, to explain the behavior of scientists, and to understand the 120 

efficiency and inefficiency of scientific institutions” (p.1). Between these studies, the most dominant 121 

themes in the science education context are science and scientists in industry, funding of research at 122 

academic institutions, and commodification and commercialization of science. Therefore, these 123 

themes are scrutinized in the following paragraphs. 124 

The role of science and scientists in the industry has been discussed in numerous studies 125 

(Diamond 2008; Irzik 2007; Mirowski and Sent 2002; Polanyi 1957; Radder 2010; Romer 2001; 126 

Stephan 1996). Within this context, the contribution of science and scientists to sustaining the 127 

development of industrial places and institutions such as universities and research centers has been 128 

emphasized. For example, during World War II, scientists and engineers working on joint projects 129 

brought interdisciplinary collaboration with new goals such as expanding academic research 130 

capabilities and cooperating with industry (Etzkowitz 2008). In 1994, there were members of the 131 

National Academy of Sciences coming from industry. There can be different kinds of supply and 132 

demand relationships between science and industry. We provide two examples of such relationships. 133 

In the first relationship, academia supplies graduates or scientific advisory for companies (Stephan 134 

1996). As an example, the European Study Group with Industry (ESGI), which originated in Oxford 135 

in 1968, has been held several times a year across Europe. ESGI aims to increase the interaction 136 

between mathematicians, scientists and industry and to solve four to eight real industrial problems 137 
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declared by companies at the event. In this example, academia is the supplier, and industry is the 138 

demander. In the second relationship, industry supplies funding for research (Stephan 1996) and 139 

academia is the demander in this case. Other than these two relationships, academia and industry can 140 

also work together. Some professors work at a university and company at the same time (Irzik 2007, 141 

2013; Mirowski and Sent 2002; Stephan 1996). Many scientists are employed in the private sector to 142 

become CEOs, or they run their own business while they continue to work at their university (Irzik 143 

2007). Based on academic inventors’ publications and their interactions with scientists in industry, 144 

technology transfer offices identify commercial opportunities. Due to the dissemination of research 145 

findings, potential industrial partners may be identified to provide funding that moves the findings 146 

toward utilization (Etzkowitz 2008). 147 

Funding of research at academic institutions is of high importance. Funding for academic 148 

research can be provided from different sources such as the government, research centers, industries, 149 

and business organizations. For example, in the US, funding for research and development (R&D) 150 

comes primarily from the federal government, business and industry. While the government supports 151 

scientific research due to its importance to defense and economic growth and due to the need to 152 

subsidize the production of the public good knowledge, business and industry support science due to 153 

their desire to innovate (Stephan 1996). There are different ways of acquiring funding, such as 154 

through scientists’ own institutions (e.g. research centers and universities) or by applying for a grant 155 

to funding agencies. Sometimes industries or the private sector may also offer to fund universities in 156 

exchange for the results of scientific research and for the shared or sole ownership of patents (Erduran 157 

and Mugaloglu 2013; Irzik 2007; Radder 2010). Some of the benefits of this approach are that 158 

scientists can spend all their time working directly on their research rather than spending time writing 159 

research proposals and completing application forms. Scientists may also submit their proposals to 160 

apply for grants. At the end of a competitive application process, they may receive funding. The 161 

scientists who follow the grant application process take on many of the characteristics of 162 

entrepreneurs (Stephan 1996). Some of the benefits of following the grant application process are that 163 

peer-reviews promotes the quality and sharing of information rather than secrecy. However, the grant 164 

application process may govern the scientific domains that the research is conducted. That is, 165 

scientists might focus on researching the scientific domains, in which more funding is available, 166 

rather than focusing on the social value of the research due to their need for funding to conduct their 167 

scientific investigations. Thus, even though one of the primary purposes of science is the pursuit of 168 

knowledge driven by curiosity, sometimes the government funding and its associated recognition and 169 

status may drive the research. Furthermore, both funding acquirement processes may be adopted 170 

within the same country, as in Europe. However, this financial relationship between academia and 171 

industry can have a negative impact on research studies. For instance, Resnik and Elliott (2013) 172 

researched the influence of financial relationships on research credibility. They found that financial 173 
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relationships should be considered when evaluating research since these relationships can affect 174 

different aspects of scientific investigations such as study design, data collection, and data analysis. 175 

Additionally, the distribution of grant aid/money is determined by the role of government, which may 176 

support or limit the various scientific domains and possibly identify successful commercialization of 177 

technology. 178 

Funding opportunities for scientists have also been increased by commodification and 179 

commercialization of science (Irzik 2007). Commodification and commercialization of academic 180 

research have recently garnered some interest worldwide, which has resulted in some scientific 181 

disciplines being more influenced than others (e.g. the impact on molecular biology vs cosmology). 182 

Irzik (2013) referred to commodification and commercialization of science by stating that “academic 183 

scientific research is being done increasingly for profit and that its results are commodified through 184 

mechanisms of intellectual property, primarily patents, copyrights and licensing” (p.2376). Likewise, 185 

Radder (2010) has argued that the commodification and commercialization of science is related to 186 

selling the academic expertise of researchers in academic institutions and the results of their enquiries. 187 

According to Oliver (2004), the relationship between academia and industry has an impact on the 188 

growth of commercialization of academic science and the transformation of research results into 189 

intellectual properties/patents as marketable commodities. Thus, here, we define the commodification 190 

and commercialization of science as turning the results of scientific knowledge into marketable 191 

commodities by the mechanisms of intellectual property. There are benefits and drawbacks of 192 

commodification and commercialization. For example, commercialization contributes to increasing 193 

the innovation in academia, to provide new job opportunities, to develop university-industry 194 

relationships, knowledge capitalization and, therefore, to economic and social development 195 

(Etzkowitz 2008; Irzik 2013). Moreover, it allows funders to make profits through research, which 196 

increases funding opportunities for scientists to conduct their research projects. However, as 197 

mentioned previously, commodification and commercialization of science can lead to research 198 

interests being governed by commercial and corporate interests. As a result, research findings may be 199 

biased (Krimsky 2004), and reward systems in science may be affected. A non-market reward 200 

structure in science aims to incentivize scientists to behave in socially responsible ways to produce the 201 

public good ‘knowledge’. Based on Stephan (1996), primarily, we can talk about three kinds of 202 

reward structures: 203 

1. Priority: This includes the award of priority of discovery and publication, which are also 204 

related to recognition. Some of their different forms are eponymy and the Nobel Prize. 205 

Priority creates a form of intellectual property, and financial rewards can be one of the 206 

consequences of priority. 207 
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2. Property rights: This is to define how a resource is used and by whom it is owned. Patenting 208 

is one of the examples, and financial remuneration can be one of the outcomes of this. 209 

Intellectual property rights are also included in this category. 210 

3. Financial remuneration: This includes publishing or citation value, salary, prize money, and 211 

speaking and consultation fees. For example, in Turkey, when researchers publish in 212 

internationally indexed journals or receive citations, they may receive financial remuneration 213 

from the scientific and technological research council of Turkey. This strategy is also quite 214 

prevalent in academic institutions in Australia. 215 

Many issues can also emerge in relation to the reward structure, such as ownership, fraud, 216 

negotiation of contracts with industry and the government, monitoring human subjects and dangerous 217 

materials research (Mirowski and Sent 2002), scientific contests, inequality, the patent race (Stephan 218 

1996), publishing for only financial awards, monopoly of research, and secrecy. Based on these points 219 

and the relationship between science and industry, how scientific effort is organized, monitored, used 220 

and rewarded in the industry is of importance. 221 

To identify the importance of EOS in science education, some examples of EOS are given. 222 

There are some studies that implicitly or explicitly refer to economics in science education (Allchin 223 

2011; Allchin et al. 2014; Carter 2008; Erduran and Dagher 2014; Erduran and Mugaloglu 2013; Irzik 224 

2013; Irzik and Nola 2014; Lederman et al. 2002; Matthews 2014); however, there are not many 225 

studies that profoundly examine it. The studies that examine economic dimensions of science most 226 

profoundly and explicitly are presented here briefly. Erduran and Mugaloglu (2013) discussed the 227 

economic dimension of science and its role in science education. They presented two rationales for 228 

examining the intersection of EOS and science education: (1) investigating what economic features of 229 

science should be infused in science education is relevant to the characterization of science, and (2) 230 

the development and training of future scientists is reliant on the foundation and the maintenance of 231 

the scientific enterprise through the education system. They also provided an example activity to use 232 

in second-level education, which includes students aged 12 - 18 approximately. Furthermore, as 233 

mentioned previously, Erduran and Dagher (2014) included ‘financial systems’ in NOS and provided 234 

two examples to implement ‘financial systems’ in science education. The first example was Linnaeus’ 235 

classification of organisms and its relation to the whaling industry. This example aimed to show the 236 

relationship between science, ‘financial systems’, and ‘political power structures’. The second 237 

example was the epidemiology of dioxin, which included the issues related to profit-making in 238 

industry, social interactions between scientists and their employers, the values of social utility and 239 

respect for human life. This example aimed to apply financial systems and social values of science in 240 

science education. Furthermore, the inclusion of EOS is essential in order to create responsible 241 

citizens who are scientifically literate, sensitive to socio-economic issues and who are aware of how 242 
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some of their taxes are used for funding in scientific research (Erduran and Dagher 2014). We believe 243 

that science education should support the ideal of the autonomy of science, which is free from social, 244 

economic and political forces, and the idea that science should be done in the pursuit of knowledge, 245 

not profit. However, this cannot be achieved by ignoring the economy and science relationship. Thus, 246 

students should be educated by increasing their awareness of the advantages and disadvantages of 247 

economics for science. 248 

There is also some research highlighting an enterprising feature of science along with its other 249 

features. For instance, according to Irzik and Nola (2014), “science is many things all at once: it is an 250 

investigative activity, a vocation, a culture, and an enterprise with an economic dimension …” (p.8). 251 

Likewise, Erduran and Mugaloglu (2013) stated that characterization of science is related to economic 252 

features of science, and the maintenance of the scientific enterprise. However, the role of 253 

entrepreneurship is under-represented in the SIS of science. Thus, in the next section, 254 

entrepreneurship is introduced in its formal field, along with the relevant science education literature 255 

to entrepreneurship. 256 

4. Entrepreneurship 257 

This section aims to define and introduce entrepreneurship in its formal field, and how it is re-defined 258 

in the NOS and science education context based on the characteristics in its formal field. Then, the 259 

relevance of entrepreneurship to science is presented in order to help identify the place of 260 

entrepreneurship in NOS and science education. The section is concluded by presenting the relevant 261 

entrepreneurship literature in science education. Even though there are many studies defining 262 

entrepreneurship in its formal field, there is no consensus on which definition to follow. The European 263 

Commission (2004) presented two concepts of entrepreneurship teaching; namely a broader and more 264 

specific concept. Although a more specific concept focuses on how to create a new business (Bruyat 265 

and Julien 2001), a broader concept focuses on personal qualities and the environment rather than new 266 

business creation. In this article, the broader concept of entrepreneurship has been considered in 267 

science education. Table 1 presents the definitions of entrepreneurship in its broader concept in the 268 

20th and 21st century. 269 

Table 1: Definitions of entrepreneurship in order of the year 270 

AUTHORS DEFINITIONS 

Schumpeter 

(1934) 

Carrying out new combinations of a firm’s operation including different dimensions, 

such as new products, new services, new source of raw materials, new methods of 

production, new markets and the new forms of organization. 

Hoselitz (1952) 
Coordination of productive resources, an introduction of innovations and the provision 

of capital. 
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Timmons (1989) 

The ability to create and built something from practically nothing, it is initiating, doing, 

achieving and building an enterprise or organization rather than watching, analyzing or 

describing one. 

Shane and 

Venkataraman 

(2000) 

To understand how opportunities to create something new arise and are discovered or 

created by specific individuals who then use various means to exploit or develop them. 

Hisrich and 

Peters (2002) 

The process of creating something different with value by devoting the necessary time 

and effort; assuming the accompanying financial, psychological, and social risks; and 

receiving the resulting rewards of monetary and personal satisfaction and independence. 

Allen (2003) 

The process of organizing. This organization process includes committing resources to 

an opportunity; establishing procedures for the use of resources; identifying, assembling 

and configuring resources; and interacting with people and coordinating and establishing 

routines. 

Birdthistle et al. 

(2007) 
To transfer the knowledge, service or product between the fields of inquiry. 

Rindova et al. 

(2009) 

Efforts to bring about new economic, social, institutional, and cultural environments 

through the actions of an individual or group of individuals. 

 271 

Shapero (1975) stated that: 272 

in almost all of the definitions of entrepreneurship, there is agreement that we are talking about a 273 

kind of behavior that includes: (1) initiative taking, (2) the organizing and reorganizing of social 274 

and economic mechanisms to turn resources and situations to practical account, (3) acceptance of 275 

risk or failure (Shapero 1975, cited in Hisrich and Peters 2002, p.10) 276 

As seen in Table 1, although organizing, initiative taking, and risk-taking skills can be seen 277 

clearly, there is no such emphasis on failure. Learning about failures in science is essential in science 278 

education (Allchin 2011), therefore this may be another feature when defining entrepreneurship in the 279 

NOS context. Furthermore, realizing opportunities is another common word in the table. This seems a 280 

new feature added to the broader definition of entrepreneurship in Table 1 at the end of the 1970s. 281 

Even though there is a body of research on entrepreneurship and entrepreneurship in science 282 

education, there is lack of research on defining entrepreneurship in NOS and science education 283 

contexts. But before doing so, we should introduce the relevance of entrepreneurship to science and 284 

economics. The relationship between science, economic growth and entrepreneurship have recently 285 

been discovered (Etzkowitz 2008; Sanders 2007). Furthermore, as mentioned in Section 3, science is 286 

also characterized as an enterprise with an economic dimension (Erduran and Dagher 2014; Erduran 287 

and Mugaloglu 2013; Irzik and Nola 2014). This relationship affected the increase in the number of 288 

entrepreneurial universities, which aim to contribute to the countries’ social and economic 289 
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development. Due to this relationship between entrepreneurship, economics and science, we re-290 

defined entrepreneurship in NOS and science education by analyzing the common words of the 291 

definitions in Table 1, and by including the word ‘failure’ as this is an important activity within 292 

science. Entrepreneurship in NOS can be defined as: 293 

the process of establishing new economic, social, institutional, cultural and scientific 294 

environments or organizations to create future products and services by realizing the opportunities 295 

and their possible failures and using required resources (Kaya et al. 2018) 296 

The following classic example of entrepreneurship can be considered to clarify how this 297 

definition fits into science. This example also identifies the links between scientists, engineers, 298 

entrepreneurs and the market. A scientist discovered the scientific knowledge behind the touchpad 299 

and an engineer invented the touchpad by using this knowledge. Another scientist or engineer 300 

invented and patented activating the screen-lock by sliding back and forth. Steve Jobs combined these 301 

patents and launched the iDevices, such as the iPhone, as a new product. In this example as in our 302 

entrepreneurship in NOS definition, someone realized an opportunity in the market, considered the 303 

possibility of failure, established a company using required resources and combining the patents, 304 

developed new products and distributed them in the market. Therefore, this person is called an 305 

entrepreneur. Furthermore, scientists, engineers and entrepreneurs utilized each other’s work 306 

throughout the process, which also affected the market and the society. 307 

Scientists and entrepreneurs are usually thought to have different aims, values and working 308 

ways. Due to this, academic institutions and the government facilitate the meeting of these groups. 309 

For example, in Ireland, the government supports academia to enable commercialization of scientific 310 

research and provides the platform for academics to meet entrepreneurs through innovation parks and 311 

centers at the universities. There are initiatives through the commercialization of research funded by 312 

the government or European Commission to enable the converging of these two types of minds to 313 

come together for a synergistic relationship. In some situations, entrepreneurial scientists are 314 

emerging (Etzkowitz 2008; Etzkowitz and Leydesdorff 1998; Oliver 2004). For example, Maci (2017) 315 

introduced Professor Per-Simon Kildal, who was a scientist, an educator and a business person, as one 316 

of the entrepreneurial scientists. Another way of bringing scientific and entrepreneurial minds 317 

together and of facilitating the emergence of entrepreneurial scientists is incubator units and 318 

programs. These are multi-disciplinary units/programs located in academia bringing students together 319 

from all disciplines. These units are funded by the state and usually supported by industry (Etzkowitz 320 

2008). In dealing with the demands placed in scientific enterprises, labs and incubators, scientists 321 

need to know about entrepreneurship and may need entrepreneurial skills (Sarasvathy and 322 

Venkataraman 2011). Moreover, research shows that educational institutions have been challenged to 323 

prepare industry-ready graduates due to the need to have more global and technological businesses 324 
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(Achor and Wilfred-Bonse 2013; Hynes et al. 2010). Similarly, Stephan (1996) examined science and 325 

scientists in industry, reward systems and so on, and discussed how increased opportunities for 326 

entrepreneurial behavior affect the practice of science. Furthermore, Etzkowitz (2008) argued that 327 

entrepreneurial training should be a part of general education since new organization formations have 328 

increasingly become common in all aspects of life. 329 

In order to situate the place of entrepreneurship within the public-school environment, a body 330 

of research has been conducted in science education worldwide (Achor and Wilfred-Bonse 2013; 331 

Adeyemo 2009; Amos and Onifade 2013; Annetta et al. 2017; Bacanak 2013; Bikse and Riemere 332 

2013; Buang et al. 2009; Deveci 2016; Deveci and Cepni 2014; Deveci and Seikkula-Leino 2016; 333 

Ejilibe 2012; Ezeudu et al. 2013; Jiang et al. 2017; Johson and Amiraly 2017; Kleppe 2002; Lepistö 334 

and Ronkko 2013; Nwakaego and Kabiru 2015; Martin et al. 2017). Kleppe (2002), for example, 335 

conducted research in the USA and found that K-12 educators need to integrate the fundamentals of 336 

inventing, innovation, and entrepreneurship into all levels of the curriculum. Buang et al. (2009) 337 

conducted research in Malaysia and proposed five entrepreneurial science-thinking steps to use for 338 

primary and secondary school science teaching. Bacanak (2013) found that teachers had inadequate 339 

knowledge on entrepreneurship in Turkey and emphasized the necessity of in-service training on 340 

improving the teachers’ understanding of entrepreneurship and entrepreneurial skills. In the study of 341 

Deveci and Seikkula-Leino (2016) in Finland, participants addressed some science topics as more 342 

convenient for entrepreneurship education in science classes, such as electrochemical cells or 343 

batteries, human biology, the natural environment, statistics and percentages, electricity production, 344 

recycling and metals. 345 

As Sarasvathy & Venkataraman (2010) stated, entrepreneurship is not only a career option but 346 

also a widespread driver of social change. There may be criticisms of entrepreneurship and neoliberal 347 

politics (Foucault et al. 2008; Brown 2003). The impact of the neo-liberal regime on the 348 

entrepreneurial university is indisputable. However, the aim of this article is not to crown any political 349 

view; instead, the aim is to point to the growing interest of entrepreneurship in scientific domains, 350 

particularly in science education, and to increase the awareness of its possible outcomes. We take the 351 

view that curricular relevance is sufficient reason to investigate how to explore these themes in 352 

science education. Thus, in the next section, we problematize the ‘financial systems’ in NOS, present 353 

what the inclusion of EOS and entrepreneurship can provide to science education and propose an 354 

alternative way to ‘financial systems’. 355 
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5. Problematizing ‘Financial Systems’ in NOS and an Alternative Way to 356 

Overcome the Issue 357 

In this section, we discuss and evaluate the EOS terminology used in the extended FRA (Erduran and 358 

Dagher 2014) because, as mentioned in Section 2, this approach is the most comprehensive and 359 

informed one about the economic aspect of NOS with the explicit inclusion of ‘financial systems’. 360 

Our goal is to problematize the ‘financial system’ in NOS and understand how NOS and science 361 

education can be enriched through the inclusion of EOS and entrepreneurship as an alternative way. 362 

In ‘financial systems’ in NOS, economics-related terminology was used, such as economic 363 

resources and commodification of science. However, the informativeness and comprehension of the 364 

system were very limited. Within this context, we criticize this system because: 365 

1. Mediation of economic resources for distribution of resources in science and the actions of 366 

scientists was presented superficially. 367 

2. Commodification and commercialization of science were introduced but not explained. 368 

3. The system was limited to funding aspect of EOS. 369 

We believe that this system is underdeveloped and not comprehensive. Likewise, Jiménez-370 

Aleixandre (2015) criticized the features of the SIS of science in NOS as being underdeveloped. 371 

Therefore, our primary criticisms are: 372 

1. The title -financial systems- is misleading the reader and very limited. 373 

2. The system is not well-structured. 374 

3. There is not enough information taken from the formal discipline of EOS to develop this 375 

system. 376 

4. The system is not comprehensive. 377 

The reason for our first criticism is that even though the word ‘finance’ is only related to 378 

money, Erduran and Dagher (2014) use this term while providing similar context with EOS. To 379 

overcome this issue, to declare the driving force of EOS in NOS and to make this system more 380 

holistic and comprehensive, we propose changing ‘financial systems’ to ‘economics of science in 381 

nature of science’ (EOS in NOS). ‘Economics’ deals with the context of ‘financial systems’, such as 382 

distribution, the behavior of scientists and money, more comprehensive than ‘finance’ and without 383 

misleading the reader. Thereby, EOS would fit better with the scope of ‘financial systems’. 384 

Concerning the structure and the context drawn from EOS literature, we propose three main themes, 385 

which emerged in Section 3, to structure EOS in NOS, namely science and scientists in industry, 386 

funding of research at academic institutions, and commodification and commercialization of science. 387 

These themes are also conspicuous in the science education literature (Erduran and Dagher 2014; 388 
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Erduran and Mugaloglu 2013; Irzik 2013). Furthermore, in Section 4, we discussed the relevance of 389 

entrepreneurship to EOS and science education. Due to this relevance and the need for industry-ready 390 

graduates, we also propose including entrepreneurship into NOS. Overall, as an alternative way to 391 

‘financial systems’, we propose ‘contemporary social aspects of NOS’ which is comprised of EOS 392 

and entrepreneurship. Furthermore, we propose structuring EOS in NOS under the three themes 393 

mentioned. 394 

We believe that the inclusion of contemporary social aspects in NOS and science education can 395 

provide many benefits, such as: 396 

1. increase students’ awareness on economics-related issues 397 

2. teach students how funding and grants affect the operation of science 398 

3. provide a greater understanding of cross-curricular links of science 399 

4. make science more relatable to students’ everyday life and realize the everyday applications 400 

of science 401 

5. contribute to career opportunities for students by providing them with self-employment as a 402 

career opportunity 403 

6. contribute to the social and economic development of a country. 404 

Based on what we have presented so far, a relationship between the state, academia, market and 405 

industry starts to come forth. However, there are still unanswered questions; for example, what should 406 

we understand when someone asks the question of how science works in society? What would be the 407 

relationships between the state, academia, industry and the market? Thus, in the next section, we 408 

answer these questions and introduce the SAMI cycle framework. 409 

6. The SAMI Cycle Framework 410 

6.1. The development of the SAMI Cycle Framework 411 

Based on what has been presented so far, we propose the SAMI cycle framework, which is developed 412 

as a way of conceptualizing NOS, EOS, entrepreneurship and the relationship between them. The 413 

SAMI cycle framework has been developed in three stages: NOS as a foundation, EOS to build upon 414 

the process and entrepreneurship to complete the process. 415 

Stage 1 – NOS as a Foundation: In this stage, the extended FRA in NOS is used (Erduran and 416 

Dagher 2014). The first draft of the SAMI cycle framework emerged at the end of this stage and is 417 

presented in Figure 1. NOS aims to understand how science works (Allchin 2011; Erduran and 418 

Dagher 2014; Irzik and Nola 2014; Martins and Ryder 2015) and this article targets the social aspects 419 

of NOS. Therefore, firstly, the process of how science works in society was studied. The SIS of 420 
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science in the extended FRA (Erduran and Dagher 2014) informed the development process of the 421 

SAMI cycle framework. Academic institutions and industrial places emerged in “social organizations 422 

and interactions” and “financial systems” as scientists’ workplaces. The precursors of the organization 423 

and the relationship between state, academia and industry also emerged here. The activities that 424 

scientists are involved in their workplaces came up in “professional activities” and the extended FRA. 425 

These scientific activities include conducting basic and/or applied research, producing scientific 426 

knowledge, acquiring funding and performing professional activities, such as attending conferences 427 

and publishing. “Social certification and dissemination” indicated that research results are certified 428 

and disseminated, which is represented by an arrow going out from what scientists do in their 429 

workplace. “Political power structures” referred to the influence of the state/government on science. 430 

Furthermore, “financial systems” and “political power structures” referred to the role of government 431 

and determined it as providing funding. When we questioned how the scientific knowledge was 432 

utilized, “social values of science” and “scientific ethos” represented the core ethical and moral 433 

dimensions of the science and society by referring that the scientific knowledge is shared and used for 434 

social utility. Since the framework is to explain how science works in society, society was represented 435 

by a large circle. 436 

Figure 1: First draft of the SAMI cycle framework 437 

Stage 2 – EOS to Build upon the Process: As seen in Figure 2, even though the relationship 438 

between academia and industry started to emerge, this relationship was not fully informed. Therefore, 439 

in Stage 2, the EOS literature is utilized. In particular, the scope of EOS, which was determined in 440 
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Section 3, informed the SAMI cycle framework. The second draft of the SAMI cycle framework 441 

emerged at the end of this stage and is presented in Figure 2. In the figure, contributions of EOS to 442 

explain how science works in society are highlighted in red. The relationship between scientists and 443 

the market and the role of the market were highlighted in red. However, the authors left the color 444 

transparent since the relationship is vague and incomplete. Starting from academia and industry 445 

relationship, which was underdeveloped in Stage 1, “Science and scientists in the industry” clarified 446 

the relationship between academia and industry. Within this context, cooperation between academia 447 

and industry was identified (Etzkowitz 2008), and the supply and demand relationship between 448 

academia and the industry was determined (Stephan 1996). It has been mentioned that scientists may 449 

work in academic institutions or industrial places, or in both at the same time (Irzik 2007, 2013; 450 

Mirowski and Sent 2002; Stephan 1996). “Funding of research at academic institutions” indicated that 451 

the government, industry and/or business provide funding for the scientific research (Erduran and 452 

Mugaloglu 2013; Irzik 2007; Radder 2010; Stephan 1996). However, the financial relationship 453 

between government, industry and/or business and academia may affect the credibility of research 454 

(Resnik and Elliott 2013). This is represented in the cycle within scientific ethos. “Commodification 455 

and commercialization of science” referred to how the results of scientific knowledge became 456 

marketable commodities by the mechanisms of intellectual property (Irzik 2007, 2013; Oliver 2004; 457 

Radder 2010). Therefore, the development of scientific products is highlighted here. The scientific 458 

knowledge and/or products are sometimes used in the field that they are produced. That is, some 459 

scientific research is driven by curiosity alone with no marketable end within sight. However, 460 

sometimes they are transferred to the market, which is represented by an arrow going out of 461 

‘Academia’ and ‘Industry’ in Figure 2. At this stage, the role of the market and the two-way 462 

relationship between scientists and the market in the process started to appear, but they were neither 463 

clearly defined, nor well informed. 464 
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Figure 2: Second draft of the SAMI cycle framework 465 

Stage 3 – Entrepreneurship to Complete the Process: As seen in Figure 2, although the market 466 

started to emerge in the process the role of the market and its relationship were not fully informed, 467 

and it was incomplete. Thus, in Stage 3, the entrepreneurship literature was utilized. In particular, the 468 

broader definitions of entrepreneurship (see Table 1), and emerging areas of entrepreneurship in NOS, 469 

such as entrepreneurship in science and entrepreneurial scientists, informed the process. The final 470 

version of the SAMI cycle framework emerged at the end of this stage and is presented in Figure 3. 471 

To complete the process of how science operates in society, we looked into how the scientific 472 

knowledge is utilized in the market and how the scientific products are transferred to the market. 473 

Within this context, it was identified that entrepreneurs transfer the scientific knowledge and products 474 

into the market in the form of goods and services (Birdthistle 2004; Hisrich and Peters 2002; Hynes et 475 

al. 2010). This is also described by Shapero (1975, cited in Hisrich and Peters 2002) as turning 476 

resources into practical accounts. Furthermore, the relationship between the buyers and sellers was 477 

determined. Entrepreneurs can have a role here as buyers or sellers. There are other buyers such as 478 

consumers and other sellers such as companies. Here, it is worth mentioning that companies may be 479 

involved either in production as industries or in the market as buyers or sellers. Supply and demand 480 

between buyers and sellers are also represented with cyclical arrows in the market. It was then 481 

identified that the demand in the market creates a two-way relationship between the science and the 482 

market (Armstrong and Tomes 2010; Bird et al. 1993; Bruyat and Julien 2001; Johnston and Edwards 483 
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1987; Mueller 2006; Oliver 2004; Sanders 2007). That is, if there is a further need and if it cannot be 484 

supplied within the market, entrepreneurs take this as an opportunity and may inform the scientists 485 

working in academia and/or industry about the need. Here, scientists can also realize the need 486 

themselves and conduct basic or applied research on the issue. Therefore, the relationship between 487 

market and scientists is represented as a two-way relationship. Finally, the role of state/government 488 

was identified as critical to ensure the existence of free and efficient markets since once markets are 489 

left alone, they most likely become inefficient and unfree (Foucault et al. 2008; Polanyi 1957). State 490 

politics also affect the size of production, distribution, scientists’ scientific ethos and social values, 491 

and so on. That is, different state politics, such as the welfare state and the neo-liberal state, affect 492 

academia, market, industry and their relationship in society. For example, state/government affects the 493 

funding, grant system, and therefore the market type and market economy. 494 

Figure 3: The SAMI cycle framework 495 

Figure 3 illustrates a nuanced, profound way of comprehending how scientists work within and 496 

across social and scientific institutions, and how they interact with one another and with stakeholders. 497 

Within this context, it also represents the relationship between State-Academia-Market and Industry. 498 

Here, while industry represents a sector of the economy, in which firms make a group of related 499 
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products, a market refers to a place or institution in which buyers and sellers of some goods or 500 

services meet (Black et al. 2009). Therefore, while industry refers to the production, the market refers 501 

to where the products are sold or, sometimes, the target group for the product. There can be different 502 

societies with different state politics, and the SAMI cycle framework can be adapted to different 503 

societies. Based on the introduction of the SAMI cycle framework, the relevance of the SAMI cycle 504 

framework to science education and its benefits are explored in the following section. 505 

6.2. Justifying the Contributions of SAMI Cycle Framework 506 

In this section, we discuss two benefits of the SAMI cycle: to improve second or third-level students’ 507 

and teachers’ understanding and to improve the economy and society. Firstly, the SAMI cycle 508 

framework provides a practical and visual tool which could help enhance not only the comprehensive 509 

understanding of the social aspects of how science operates in society, but also students’ and teachers’ 510 

awareness of the relevance of science within state, academia, industry and the market, and their 511 

relationship with one another. Furthermore, this framework adopts a holistic view of the subject 512 

matter and illustrates the links between concepts by breaking down the subject boundaries. Within this 513 

sense, this aspect also provides an improvement of the awareness of the cross-curricular links. By 514 

realizing the relationship between state/government, academia, market and industry and making 515 

science more relatable to everyday life, this framework is more representative of real life. If the aim is 516 

to teach how science operates in society, this framework helps students to see the everyday 517 

applications of science and the operation of the scientific process from academia to the market rather 518 

than only focusing on how science operates within academia. In addition, due to the inclusion of the 519 

scientific ethos and social values of science, this framework also integrates an ‘ethical dimension’ to 520 

our understanding. Due to its inclusion of all elements of SIS of science and the elements of 521 

contemporary aspects of NOS, the SAMI cycle framework is a powerful visual tool to represent how 522 

science works in society. 523 

Secondly, the SAMI cycle framework can benefit the economy and society due to its possible 524 

impact on students’ understanding. The inclusion of EOS and entrepreneurship in the SAMI cycle 525 

framework contributes to increasing students’ awareness of self-employment as a career option and 526 

the possibility of starting their own business. Thus, improving the awareness of students on current 527 

issues like social and economic issues in NOS and science education can have a high impact on the 528 

economic well-being of a nation (Kelly 2007). Furthermore, entrepreneurship has an important role in 529 

the social and economic development of countries (Etzkowitz 2008). For instance, there are 530 

opportunities in the US to apply for federally sponsored research by the National Science Foundation 531 

and STEM grants provided by private businesses. Entrepreneurship has the potential of “changing the 532 

way we live, work and play, and transforming the courses of the careers we build, the shapes of 533 

communities we live in, and the evolution of the socio-political and economic systems we are part of” 534 
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(Sarasvathy and Venkataraman 2011, p.115). A country’s economy needs enterprising graduates who 535 

can take control of their own lives (Birdthistle et al. 2007) and who have scientific literacy. The 536 

National Science Education Standards (National Research Council 1996) recommend that students 537 

must have the opportunity to experience science authentically and free of misconceptions and 538 

idealizations about the nature of the scientific enterprise. Within this context, learning about the 539 

nature of scientific enterprise may contribute to developing responsible citizens who are sensitive 540 

about scientific issues (Erduran and Dagher 2014; Erduran and Mugaloglu 2013). 541 

We believe that due to the pertinence of how science operates in society, EOS and 542 

entrepreneurship to NOS and science education, the SAMI cycle framework is of relevance to NOS 543 

and science education. By proposing this framework, we support the development of more authentic 544 

and engaging science classes as well as an improvement in the students’ and teachers’ interpretation 545 

of social aspects of NOS, cross-curricular links between different subjects, and of how science 546 

actually operates in society. Within this context, the ways of enabling this conceptualization for 547 

classroom practice should also be considered. Therefore, in the next section, we discuss some of the 548 

possible implications of the contemporary aspects of NOS and the SAMI cycle framework. 549 

7. Implications for Science Education 550 

In this section, the possible implications of the contemporary aspects of NOS and the SAMI cycle 551 

framework are discussed to enrich its practical applications. Within this purpose, there are some 552 

aspects considered to teach the social aspects of NOS and the SAMI cycle framework: 553 

 Integration into the syllabus 554 

 Integration into teacher education 555 

 Integration into classroom teaching 556 

Concerning the integration into the curriculum, economics and entrepreneurship are amongst 557 

the most coveted skills in education in many countries. For example, there is a reference to the 558 

entrepreneurial skills and economics in the 24 statements of learning in the Irish Framework for 559 

Junior Cycle (DES 2004, 2015). Ireland is not alone considering the integration of economics of 560 

science and entrepreneurship into education. For example, in the Turkish Science Curriculum (Board 561 

of Education and Discipline 2013), entrepreneurship is referred to as one of the life skills and the 562 

importance of economics has been emphasized. There are some other countries, such as the US, 563 

Sweden and Finland, highlighting the importance of entrepreneurship and the economic aspect of 564 

science (Deveci and Seikkula-Leino 2016; European Commission 2008; Johson and Amiraly 2017; 565 

Martin et al. 2017). Although many countries such as the US and Ireland have a focus on NOS in their 566 

syllabi, the practical applications of social aspects of NOS, such as lesson resources and teaching 567 

materials, are understudied in the science education literature (Erduran and Mugaloglu 2013). The 568 
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syllabus dictates what teachers teach in the classroom. Thus, how and where the social aspects of 569 

NOS and the SAMI cycle framework can be integrated into the curriculum are of importance. In 570 

Ireland, ‘Science in Society’ is one of the NOS strands in the Junior Cycle Specification (DES 2015) 571 

and this strand has the potential to embrace the social aspects of NOS and the SAMI cycle framework. 572 

When there is a topic in the curriculum, teachers should be able to apply it in the classroom. If 573 

teachers do not understand the topic, it cannot be applied in the classroom effectively. Therefore, 574 

integration into teacher education is of importance in order to make teachers feel knowledgeable 575 

about a topic. Teacher education is mainly concerned with equipping teachers with knowledge, skills 576 

and attitudes (European Commission 2008, 2012) to perform their role in the classroom, school and 577 

community efficiently based on contemporary policies, procedures and provision. Conway et al. 578 

(2009, p.6) highlighted the importance of locating “teacher education in its socio-cultural contexts 579 

including political, cultural, economic, emotional and moral dimensions”. Different techniques can be 580 

used to implement social aspects of NOS and the SAMI cycle framework into teacher education, such 581 

as argumentation, group discussion, role-play, think-pair-share, concept statement and online learning. 582 

Once a topic is included in the syllabus, and teacher education programs have prepared them to teach 583 

such topics, it can be integrated into the classroom. The same techniques and more can also be used to 584 

implement social aspects of NOS and the SAMI cycle into second-level education. Some examples 585 

are provided here to exemplify the implications of EOS, entrepreneurship and the SAMI cycle 586 

framework in classroom practice. For example, a concept statement activity can be used to teach 587 

biotechnology to PSTs by integrating entrepreneurship and EOS into NOS and discussing the role of 588 

the SAMI cycle. The concept statement is commonly used in business schools or business 589 

departments, and it is an overview of a business plan, which is a new product or service proposal. A 590 

brief example activity is provided in Figure 4. 591 

This concept statement activity can play a role as a project assignment for different science 592 

subjects. Although Figure 4 is a group activity, it can also be used as an individual project assignment. 593 
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 594 

Figure 4: Concept Statement Activity 595 

Furthermore, this activity can also be conducted without utilizing a specific topic. Likewise, 596 

argumentation can be used to teach biotechnology in the context of EOS. For example, Erduran and 597 

Mugaloglu (2013) developed an activity, in which the economic dimensions of the GMO related 598 

issues were highlighted by using the argumentation technique aimed at second-level education, which 599 

includes students aged 12 - 18 approximately. In this activity, two claims and some evidence 600 

statements are given to students. These evidence statements are used to help build up each claim or to 601 

refute the alternative claim. These example activities can be used to implement social aspects of NOS 602 

and the SAMI cycle into both teacher education or second-level schools, once the difficulty is 603 

adjusted according to the age. Some other educational applications might include discussing different 604 

social aspects of NOS, such as scientific ethos, EOS, entrepreneurship at second and third-level 605 

education based on the discovery of the Haber-Bosch process in Perutz (2002). Even a specific aspect 606 

of EOS such as funding of research at academic institutions might be argued based on a scientist who 607 

receives an NIH grant to offer students an example of how science works in society in second and 608 

third-level education. Likewise, the economics and entrepreneurship behind the chickenpox 609 

vaccination can be brought up in the classroom. 610 

As demonstrated in the earlier sections, the social aspects of NOS and the SAMI cycle 611 

framework can be applied together at second and third-level education. Additionally, these topics can 612 
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be divided into their elements, such as professional activities, EOS and academia-government 613 

relationship, and each element can be applied to different topics in each weeks’ class. 614 

8. Conclusions 615 

In this article, we have argued that the SIS of science should be revisited and reconsidered through the 616 

perspectives of contemporary aspects of science, such as EOS and entrepreneurship to enhance the 617 

depth and breadth of the SIS of science in NOS. Therefore, we proposed to change ‘Financial 618 

Systems’ in NOS to ‘Contemporary Aspects of NOS’ and include EOS and entrepreneurship as 619 

contemporary aspects of science. Within this context, each of these two aspects was also extended and 620 

re-structured. We also re-defined entrepreneurship in the NOS context. Furthermore, we proposed a 621 

framework – the SAMI cycle framework- which is the illustration and approximation of how science 622 

works in society. The SAMI cycle framework aims to provide a coherent overarching framework to 623 

conceptualize all social aspects of NOS including EOS and entrepreneurship and the relationship 624 

between these aspects. We also investigated the educational applications of the social aspects of NOS 625 

and the SAMI cycle framework in the curriculum, teacher education and classroom (second and third-626 

level education). 627 

It is worth emphasizing that integrating entrepreneurship and EOS into NOS by highlighting 628 

their relevance to each other could make many contributions to science education literature. For 629 

example, this integration can contribute to developing an effective process of the operation of science 630 

as a SIS holistically. Moreover, this integration can support students to develop a greater 631 

understanding of cross-curricular links, which can assist them in contextualizing how science works 632 

in society. Furthermore, the SAMI cycle framework provides a practical and visual tool which could 633 

help enhance not only the comprehensive understanding of how science works in society, but also 634 

students’ awareness of the relevance between state, science, industry and the market. By performing 635 

this integration, we support the development of more authentic and engaging science classes as well 636 

as the improvement in the students’ interpretation of the relationship between science and society. In 637 

this research, we focus on physics, chemistry and biology since they are the main science fields taught 638 

in science education. Further research may be conducted to adapt this cycle and its activity to different 639 

sciences to unveil their social-institutional side. In conclusion, awareness of the association between 640 

EOS, entrepreneurship, NOS and science education is likely to aid in the development of responsible 641 

citizens with a sound understanding of science in its broader socio-economic context (Sanders 2007; 642 

Kelly 2007) and to enthuse students about science. 643 

REFERENCES 644 

Abd-El-Khalick, F. (2012). Teaching with and about nature of science, and science teacher knowledge 645 
domains. Science & Education, 22(9), 2087-2107. 646 



 

 

23 

Achor, E. E., & Wilfred-Bonse, U. K. (2013). The need to integrate entrepreneurship education into 647 
science education teachers’ curriculum in Nigeria. Journal of Science and Vocational 648 
Education, 7, 111-123. 649 

Adeyemo, S. A. (2009). Understanding and acquisition of entrepreneurial skills: A pedagogical re-650 
orientation for classroom teacher in science education. Journal of Turkish Science Education, 651 
6(3). 652 

Allchin, D. (2011). Evaluating knowledge of the nature of (whole) science. Science Education, 95(3), 653 
518-542. 654 

Allchin, D., Andersen, H. M., & Nielsen, K. (2014). Complementary approaches to teaching nature of 655 
science: Integrating student inquiry, historical cases, and contemporary cases in classroom 656 
practice. Science Education, 98(3), 461-486. 657 

Allen, K. R. (2003). Bringing new technology to market: Pearson College Division. 658 
Amos, A. A., & Onifade, C. A. (2013). The perception of students on the need for entrepreneurship 659 

education in teacher education programme. Global Journal of Human Social Science, 13(3). 660 
Annetta, L., Shapiro, M., & Lamb, R. Entrepreneurial thinking: Cross-cutting concepts for science 661 

teachers. In NARST 2017 90th Annual International Conference, San Antonio, USA, 2017.  662 
Armstrong, P., & Tomes, A. (2010). Entrepreneurship in Science: Case Studies from Liquid Crystal 663 

Application. Prometheus, 18(2), 133-147. 664 
Audretsch, D. B., Bozeman, B., Combs, K. L., Feldman, M., Link, A. N., Siegel, D. S., et al. (2002). 665 

The economics of science and technology. The Journal of Technology Transfer, 27(2), 155-666 
203. 667 

Bacanak, A. (2013). Teachers' views about science and technology lesson effects on the development 668 
of students' entrepreneurship skills. Educational Sciences: Theory and Practice, 13(1), 622-669 
629. 670 

Bikse, V., & Riemere, I. (2013). The development of entrepreneurial competences for students of 671 
mathematics and the science subjects: The Latvian experience. Procedia - Social and 672 
Behavioral Sciences, 82, 511-519. 673 

Bird, B. J., Hayward, D. J., & Allen, D. N. (1993). Conflicts in the Commercialization of Knowledge: 674 
Perspectives from Science and Entrepreneurship. Entrepreneurship: theory and practice, 675 
17(4), 57-78. 676 

Birdthistle, N. (2004). Small Family Businesses As Learning Organisations: An Irish Study, 677 
unpublished thesis (Doctoral thesis), University of Limerick. 678 

Birdthistle, N., Hynes, B. and Fleming, P. (2007). Enterprise education programmes in secondary 679 
schools in Ireland: A multi-stakeholder perspective, Education+ Training, 49(4), 265-276. 680 

Black, J., Hashimzade, N., & Myles, G. (2009). A dictionary of economics. Oxford University Press. 681 

Board of Education and Discipline (2013). Turkish science curriculum. 682 

Brown, W. (2003). Neo-liberalism and the end of liberal democracy. Theory & Event, 7(1). 683 
Bruyat, C., & Julien, P. A. (2001). Defining the field of research in entrepreneurship. Journal of 684 

business venturing, 16(2), 165-180. 685 
Buang, N. A., Halim, L., & Meerah, T. S. M. (2009). Understanding the thinking of scientists 686 

entrepreneurs: Implications for science education in Malaysia. Journal of Turkish Science 687 
Education, 6(2). 688 

Carter, L. (2008). Globalization and science education: The implications of science in the new 689 
economy. Journal of Research in Science Teaching, 45(5), 617-633. 690 

Conway, P., Murphy, R., Rath, A., & Hall, K. (2009). Learning to teach and its implications for the 691 
continuum of teacher education: A nine-country cross-national study. University Collage 692 
Cork: Teaching Council. 693 

DES (Department of Education and Skills) (2004). A brief description of the Irish education system. 694 
(pp. 1-36). Ireland: Communications Unit Department of Education and Science. 695 

DES (Department of Education and Skills) (2015). Junior Cycle Science Curriculum Specification. 696 
(pp. 1-26). 697 



 

 

24 

Deveci, I. (2016). Perceptions and competence of Turkish pre-service science teachers with regard to 698 
entrepreneurship. Australian Journal of Teacher Education, 41(5). 699 

Deveci, I., & Cepni, S. (2014). Entrepreneurship in science teacher education. Journal of Turkish 700 
Science Education, 11(2), doi:10.12973/tused.10114a. 701 

Deveci, I., & Seikkula-Leino, J. (2016). Finnish science teacher educators’ opinions about the 702 
implementation process related to entrepreneurship education. Electronic Journal of Science 703 
Education, 20(4), 1-20. 704 

Diamond, A. M. J. (2008). Economics of science. The New Palgrave Dictionary of Economics, 7, 1-705 
27. 706 

Driver, R., Leach, J., & Millar, R. (1996). Young people's images of science. UK: McGraw-Hill 707 
Education. 708 

Ejilibe, O. C. (2012). Entrepreneurship in biology education as a means for employment. Knowledge 709 
Review, 26(3), 96-100. 710 

Erduran, S. (2014). Beyond Nature of Science: The Case for Reconceptualising ‘Science’ for Science 711 
Education, Science Education International, 25(1), 93-111. 712 

Erduran, S. and Dagher, Z.R. (2014). Reconceptualizing the nature of science for science education: 713 
scientific knowledge, practices and other family categories, Netherlands: Springer. 714 

Erduran, S. and Mugaloglu, E.Z. (2013). Interactions of economics of science and science education: 715 
Investigating the implications for science teaching and learning, Science & Education, 22(10), 716 
2405-2425. 717 

Etzkowitz, H. (2008). The triple helix: University-industry-government innovation in action: 718 
Routledge. 719 

Etzkowitz, H., & Leydesdorff, L. (1998). The endless transition: A "triple helix" of university-720 
industry-government relations. Minerva, 36(3), 203-208. 721 

European Commission (2004). Education for Entrepreneurship: Making progress in promoting 722 
entrepreneurial attitudes and skills through Primary and Secondary education. Brussels: 723 
European Commission. 724 

European Commission (2008). Entrepreneurship in higher education, especially in non-business 725 
studies. Brussels: European Commission. 726 

European Commission (2012). Entrepreneurship education at school in Europe: National strategies, 727 
curricula and learning outcomes. Brussels: European Commission. 728 

Ezeudu, F. O., Ofoegbu, T. O., & Anyaegbunnam, N. J. (2013). Restructuring STM (Science, 729 
Technology, and Mathematics) education for entrepreneurship. US-China Education Review 730 
A, 3(1), 27-32. 731 

Foucault, M., Davidson, A. I., & Burchell, G. (2008). The birth of biopolitics: lectures at the Collège 732 
de France, 1978-1979: Springer. 733 

Hisrich, R. D., & Peters, M. P. (2002). Entrepreneurship: McGraw-Hill. 734 
Hoselitz, B. F. (1952). Entrepreneurship and economic growth. American Journal of Economics and 735 

Sociology, 12(1), 97-111. 736 
Hynes, B., Costin, Y. and Birdthistle, N. (2010) 'Practice-based learning in entrepreneurship 737 

education: A means of connecting knowledge producers and users', Higher Education, Skills 738 
and Work-based Learning, 1(1), 16-28. 739 

Irzik, G. (2007). Commercialization of science in a neoliberal world. In Reading Karl Polanyi for the 740 
twenty-first century (pp. 135-153). US: Palgrave Macmillan. 741 

Irzik, G. (2013). Introduction: Commercialization of academic science and a new agenda for science 742 
education. Science & Education, 22(10), 2375-2384,  743 

Irzik, G., & Nola, R. (2011). A family resemblance approach to the nature of science for science 744 
education. Science & Education, 20(7), 591-607. 745 

Irzik, G., & Nola, R. (2014). New directions for nature of science research. In International handbook 746 
of research in history, philosophy and science teaching (pp. 999-1021). Netherlands: 747 
Springer. 748 

Jiang, H., Xiong, W., & Cao, Y. (2017). Research on the mechanism of entrepreneurial education 749 
quality, entrepreneurial self-efficacy and entrepreneurial intention in social sciences, 750 
engineering and science education. EURASIA Journal of Mathematics, Science and 751 
Technology Education, 13(7), 3709-3721. 752 



 

 

25 

Jiménez-Aleixandre, M. P. (2015). Reconceptualizing the nature of science. Science & Education, 753 
24(9-10), 1241–1244. 754 

Johnston, R. F., & Edwards, C. G. (1987). Entrepreneurial science: new links between corporations, 755 
universities, and government: ABC-CLIO. 756 

Johson, K., & Amiraly, A. (2017). Bringing entrepreneurial methods into the scientific classroom: A 757 
case study of action learning at Ecole polytechnique. HAL, 486(3), 1-15. 758 

Kaya, S., Birdthistle, N. and Erduran, S. (2018). From traditional to contemporary aspects of NOS: 759 
Trainee science teachers' perceptions on economics and entrepreneurship, in National 760 
Association for Research in Science Teaching (NARST): 2018 Annual International 761 
Conference, Atlanta, GA, United States, 10-13 March. 762 

Kelly, G. Scientific literacy, discourse, and knowledge. In Linnaeus Tercentenary Symposium, 763 
Upsala, Sweden, 2007 (pp. 47-55) 764 

Kleppe, J. A. (2002). Teaching invention, innovation, and entrepreneurship to Northern Nevada high 765 
school science and math teachers. IEEE Antennas and Propagation Magazine, 44(5), 115-766 
119. 767 

Krimsky, S. (2004). Science in the private interest: Has the lure of profits corrupted biomedical 768 
research? : Rowman & Littlefield. 769 

Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., & Schwartz, R. S. (2002). Views of nature of 770 
science questionnaire: Toward valid and meaningful assessment of learners' conceptions of 771 
nature of science. Journal of Research in Science Teaching, 39(6), 497-521,  772 

Lee, H., Chang, H., Choi, K., Kim, S.-W., & Zeidler, D. L. (2012). Developing character and values 773 
for global citizens: Analysis of pre-service science teachers’ moral reasoning on 774 
socioscientific issues. International Journal of Science Education, 34(6), 925-953. 775 

Lepistö, J., & Ronkko, M. L. (2013). Teacher students as future entrepreneurship educators and 776 
learning facilitators. Education + Training, 55(7), 641-653. 777 

Maci, S. Per-Simon Kildal: Friend, scientist, educator, entrepreneur. In 11th European Conference on 778 
Antennas and Propagation (EUCAP), Paris, 2017 (pp. 215-219) 779 

Martin, A. M., Abd-El-Khalick, F., Mustari, E., & Price, R. (2017). Effectual reasoning and 780 
innovation among entrepreneurial science teacher leaders: A correlational study. Research in 781 
Science Education, 1-23, doi:10.1007/s11165-016-9603-1. 782 

Martins, A. F. P., & Ryder, J. (2015). Nature of Science in science education: a proposal based on 783 
‘themes’. In GIREP-MPTL International Conference on Teaching/Learning Physics, Poland, 784 
2015. 785 

Matthews, M. R. (2012). Changing the focus: From nature of science (NOS) to features of science 786 
(FOS). In M. S. Khine (Ed.), Advances in nature of science research (pp. 3-26). Dordrecht: 787 
Springer. 788 

Matthews, M. R. (2014). Science teaching: The contribution of history and philosophy of science: 789 
Routledge. 790 

McComas, W. F., Clough, M. P., & Almazroa, H. (1998). The role and character of the nature of 791 
science in science education. In W. F. McComas (Ed.), The nature of science in science 792 
education (pp. 3-39). Netherlands: Springer. 793 

Mirowski, P., & Sent, E. M. (2002). Science bought and sold: Essays in the economics of science: 794 
University of Chicago Press. 795 

Mirowski, P., & Sent, E. M. (2008). The commercialization of science, and the response of STS*. In 796 
E. J. Hackett, O. Amsterdamska, M. Lynch, J. Wajcman, & e. al.] (Eds.), Handbook of 797 
science and technology studies (pp. 635-689). 798 

Mueller, P. (2006). Exploring the knowledge filter: How entrepreneurship and university-industry 799 
relationships drive economic growth. Research policy, 35(10), 1499-1508. 800 

National Research Council (1996). National science education standards. Washington, DC: National 801 
Academies Press. 802 

Nwakaego, O. N., & Kabiru, A. M. (2015). The need to incorporate entrepreneurship education into 803 
chemistry curriculum for colleges of education in Nigeria. Journal of Educational Policy and 804 
Entrepreneurial Research, 2(5), 84-90. 805 

Oliver, A. L. (2004). Biotechnology entrepreneurial scientists and their collaborations. Research 806 
policy, 33(4), 583-597. 807 



 

 

26 

Pedretti, E., & Nazir, J. (2011). Currents in STSE education: Mapping a complex field, 40 years on. 808 
Science Education, 95(4), 601-626. 809 

Perutz, M. F. (2002). I wish I'd made you angry earlier: essays on science, scientists, and humanity: 810 
Oxford University Press, USA. 811 

Polanyi, K. (1957). The great transformation: The political and economic origin of our time. Beacon 812 
Hill, MA: Beacon Press. 813 

Radder, H. (2010). The commodification of academic research: analyses, assessment, alternatives. 814 
Pittsburgh, PA: University of Pittsburg Press. 815 

Resnik, D. B., & Elliott, K. C. (2013). Taking financial relationships into account when assessing 816 
research. Accountability in Research, 20(3), 184-205. 817 

Rindova, V., Barry, D., & Ketchen, D. J. (2009). Entrepreneuring as emancipation. Academy of 818 
management review, 34(3), 477-491. 819 

Romer, P. M. (2001). Should the government subsidize supply or demand in the market for scientists 820 
and engineers? In A. B. Jaffe, J. Lerner, & S. Stern (Eds.), Innovation policy and the economy 821 
(pp. 221-252, Vol. 1): MIT Press. 822 

Sadler, T. D., & Dawson, V. (2012). Socio-scientific issues in science Education: Contexts for the 823 
promotion of key learning outcomes. In B. J. Fraser, K. Tobin, & C. J. McRobbie (Eds.), 824 
Second international handbook of science education (pp. 799-809). Dordrecht: Springer 825 
Netherlands. 826 

Sanders, M. (2007). Scientific paradigms, entrepreneurial opportunities and cycles in economic 827 
growth. Small Business Economics, 28(4), 339-354. 828 

Sarasvathy, S. D., & Venkataraman, S. (2011). Entrepreneurship as method: Open questions for an 829 
entrepreneurial future. Entrepreneurship Theory and Practice, 35(1), 113-135. 830 

Schumpeter, J. (1934). Capitalism, socialism, and democracy. New York: Harper & Row. 831 
Shane, S., & Venkataraman, S. (2000). The promise of entrepreneurship as a field of research. 832 

Academy of management review, 25(1), 217-226. 833 
Stephan, P. E. (1996). Economics of science. Journal of Economic Literature, 34(3), 1199-1235. 834 
The Entrepreneurial School (2014-2015). A project for teachers by teachers: The entrepreneurial 835 

school. http://entrepreneurialschool.eu/the-entrepreneurial-school. Accessed 16 June 2016. 836 
Timmons, J. A. (1989). The entrepreneurial mind. Andover, MA: Brick House Publishing. 837 



Figure Click here to download Figure Stage 1 SAMI.png 

http://www.editorialmanager.com/sced/download.aspx?id=49290&guid=ed60dc7b-daa0-43aa-a33f-9b7e2100577b&scheme=1
http://www.editorialmanager.com/sced/download.aspx?id=49290&guid=ed60dc7b-daa0-43aa-a33f-9b7e2100577b&scheme=1


Figure Click here to download Figure Stage 2 SAMI.png 

http://www.editorialmanager.com/sced/download.aspx?id=49291&guid=ac3d567b-d5a8-4051-8517-07abffdd32e3&scheme=1
http://www.editorialmanager.com/sced/download.aspx?id=49291&guid=ac3d567b-d5a8-4051-8517-07abffdd32e3&scheme=1


Figure Click here to download Figure Stage 3 SAMI.png 

http://www.editorialmanager.com/sced/download.aspx?id=49292&guid=cc5be274-7f08-48e9-9a96-e08df1f295bd&scheme=1
http://www.editorialmanager.com/sced/download.aspx?id=49292&guid=cc5be274-7f08-48e9-9a96-e08df1f295bd&scheme=1


Figure Click here to download Figure Article_activity.png 

http://www.editorialmanager.com/sced/download.aspx?id=49293&guid=db56492a-7d0c-45ff-b4c9-bc8f2636c6c0&scheme=1
http://www.editorialmanager.com/sced/download.aspx?id=49293&guid=db56492a-7d0c-45ff-b4c9-bc8f2636c6c0&scheme=1


Dear Editors, 

 

Thank you for the publication opportunity on our paper "Looking into the Social Aspects of Nature of 

Science in Science Education through a New Lens: The Role of Economics and Entrepreneurship". 

We greatly appreciate tit, and we believe that the feedback provided by the reviewers contributed to 

the improvement of the paper considerably. 

 

Suggested changes and required clarification have been done throughout the article. Other changes are 

as follows: 

 Language was changed from British English to American English. 

 Reviewer’s changes were accepted. 

 Reliever’s questions were answered. 

 Authors’ names were added to quotations. 

 Page numbers were added to the citations of all quotations. 

 Colour coded answers to the reviewers were changed to black. 

 “Secondary" was changed to "second-level" and explained as including students aged 12 – 18 

approximately. 

 

Please contact us if further clarification is required. 

 

Kind regards, 

Sila Kaya 

 

Response to reviewer's comments



         Change of authorship request form    
    

1 
 

 
Please read the important information on page 4 before you begin 

This form should be used by authors to request any change in authorship. Please fully complete all sections. Use black ink and block capitals and provide each author’s full name with the 
given name first followed by the family name. 

Section 1 Please provide the current title of manuscript  

Looking at the Social Aspects of Nature of Science in Science Education through a New Lens: The Role of Economics and Entrepreneurship 

 

Section 2 Please provide the current authorship, in the order shown on your manuscript. 

 
Please use an additional sheet if there are more than 7 authors. 

Section 3: Please provide a justification for change. Please use this section to explain your reasons for changing the authorship of your manuscript. Please refer to the journal policy 
pages for more information about authorship. Please explain why omitted authors were not originally included on the submitted manuscript. 

Orla McCormack is one of the PhD supervisors of Sila Kaya. She was involved in Sila’s PhD research recently and contributed to the development and writing of her PhD thesis. This article is 
relevant to her PhD thesis. Furthermore, she contributed to the different aspects of the article. Therefore, she is involved in the revised version of the article. 
 
 
 
 

Manuscript ID no.  SCED-D-17-00136R2 

 First name(s)  Family name  ORCID or SCOPUS id, if available 
1st author  SILA KAYA 0000-0002-2653-855X (ORCHID NO) 
2nd author SIBEL ERDURAN  
3rd author NAOMI BIRDTHISTLE  
4th author    
5th author    
6th author    
7th author    

Authorship change form

https://orcid.org/0000-0001-5226-0136

Click here to download Authorship change form Authorship+form_SpringerNature.pdf 

http://www.editorialmanager.com/sced/download.aspx?id=49294&guid=b82bb83d-3f80-4000-8766-a67d13377079&scheme=1
http://www.editorialmanager.com/sced/download.aspx?id=49294&guid=b82bb83d-3f80-4000-8766-a67d13377079&scheme=1


         Change of authorship request form    
    

2 
 

Section 4 Proposed new authorship. Please provide your new authorship list in the order you would like it to appear on the manuscript. 

 First name(s)  Family name (this name will appear in full on the final publication and will be searchable in various abstract and indexing 
databases) 

1st author  SILA KAYA 
2nd author SIBEL ERDURAN 
3rd author NAOMI BIRDTHISTLE 
4th author ORLA MCCORMACK 
5th author   
6th author   
7th author   

Please use an additional sheet if there are more than 7 authors. 

Section 5 Author contribution, Acknowledgement and Disclosures. Please use this section to provide revised Author Contribution, Acknowledgement and/or Disclosures of your 
manuscript, ensuring you state what contribution any new authors made and, if appropriate acknowledge any contributors who have been removed as authors. Please ensure these are 
updated in your manuscript. 

 
New Disclosures (potential conflicts of interest, funding, acknowledgements):  
N/A 
 
 
 
New Author Contributions statement:   
The new author contributed to the structure of the article, clarify the main argument and revise the grammar. 
 
 
 
New Acknowledgement Section:   
N/A 
 

State ‘Not applicable’ if there are no new authors. 

 



         Change of authorship request form    
    

3 
 

Section 6 Declaration of agreement. All authors, unchanged, new and removed must sign this declaration. 

* please delete as appropriate.  Delete all of the bold if you were on the original authorship list and are remaining as an author 

 First name  Family name  Signature Affiliated institute Date 
1st 
author  

SILA KAYA I agree to the proposed new authorship 
shown in section 4. 

 UNIVERSITY OF LIMERICK 15.06.2018 

2nd 
author 

SIBEL ERDURAN I agree to the proposed new authorship 
shown in section 4. 

 UNIVERSITY OF OXFORD  

3rd 
author 

NAOMI BIRDTHISTLE I agree to the proposed new authorship 
shown in section 4. 

 SWINBURNE UNIVERSITY OF 
TECHNOLOGY 

 

4th 
authors 

ORLA MCCORMACK I agree to the proposed new authorship 
shown in section 4 and the addition of 
my name to the authorship list. 

 UNIVERSITY OF LIMERICK  

5th 
author 

  I agree to the proposed new authorship 
shown in section 4 /and the 
addition/removal*of my name to the 
authorship list. 

   

6th 
author 

  I agree to the proposed new authorship 
shown in section 4 /and the 
addition/removal*of my name to the 
authorship list. 

   

7th 
author 

  I agree to the proposed new authorship 
shown in section 4 /and the 
addition/removal*of my name to the 
authorship list. 

   

Please use an additional sheet if there are more than 7 authors. * please delete as appropriate. Delete all of the bold if you were on the original authorship list and are remaining. 

 

Important information. Please read.  
 

• Please return this form, fully completed, to the editorial office. We will consider the information you have provided to decide whether to approve the proposed change in 
authorship. We may choose to contact your institution for more information or undertake a further investigation, if appropriate, before making a final decision. 

 

25.06.2018

18.06.2018

June 25, 2018

Dave
Stamp




         Change of authorship request form    
    

4 
 

• Please note, we cannot investigate or mediate any authorship disputes. If you are unable to obtained agreement from all authors (included those who you wish to be removed) you 
must refer the matter to your institution(s) for investigation. Please inform us if you need to do this. 

 
• If you are not able to return a fully completed form within 30 days of the date that it was sent to the author requesting the change, we may have to reject your manuscript.  We 

cannot publish manuscripts where authorship has not been agreed by all authors (including those who have been removed). 
 

• Incomplete forms will be rejected. 
 

 


