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1. Introduction  
This paper is an attempt to provide better insight into what makes start-ups successful. A start-up is a 
new organisation built on innovation in terms of technologies, business models, or both (Kollmann et 
al., 2016). It is commonly agreed upon that start-ups play an essential role in the economy by facilitating 
growth and creating employment (Brown et al., 2019; Fritsch & Noseleit, 2012). Furthermore, they 
have advantages compared to more mature firms, including the capacity to be flexible in a dynamic 
environment (Audretsch, 2004). However, a high proportion of start-ups fail each year (Colombo & 
Grilli, 2005). Since innovation is vital in driving economic development (Baumol, 2002), it is useful 
for both entrepreneurs and policymakers to know what it takes to make a start-up successful. Even 
though many contexts might benefit from this influx of innovation, this paper steers more towards the 
context of innovative solutions for urban challenges.  
 
Urban areas have an important social and economic role, therefore attracting new inhabitants each year 
(Mori & Christodoulou, 2012). In the European Union, it is projected that by 2050 around 84% of the 
population will live in cities (European Commission, 2019). This increase in citizens brings forward 
particular challenges such as a substantial increase in the use of water, electricity, and other resources, 
as well as a higher amount of waste, pollution, and congestion. Generally, it leads to a decrease in the 
quality of life of its inhabitants (Brennan, 1999). Over the last decades, potential solutions for these 
urban challenges have been collected under the concept of smart city solutions. There is no clear 
definition of what makes a city smart; however, looking at literature, some common ground is found. 
The idea is that by using technology and collaborating among different stakeholders, the city can be 
made more efficient and sustainable. In practice, it can range from renewable energy sources for 
transportation (Brenna et al., 2012) to using sensors in making urban parking easier for the public. 
Overall, it’s meant to improve the liveability of the city (Caragliu, Del Bo, & Nijkamp, 2011; Lombardi 
et al., 2012). In this context, scholars state the importance of successful entrepreneurship in finding new 
technologies or business models that contribute to making the smart city come to life (Harrington, 
2017). Thus, knowing what factors determine a successful start-up can help governments better 
stimulate new ventures contributing to urban innovation (Keeble, 1993). 
 
Although the existing literature on smart city entrepreneurship is still in an early stage, papers on what 
determines success for start-ups, in general, are abundant. Based on our working paper on smart city 
start-ups (see Appendix A), we found that, among others, human capital plays an essential role in smart 
cities. Human capital consists of the skills and knowledge that individuals acquire through investments 
in formal education, corporate training, and other experiences (Becker, 1964). Even though human 
capital is a well-studied concept in terms of its effect on success, there still are some inconsistencies in 
researchers’ findings (Unger et al., 2011). Some scholars argue that indeed human capital has a positive 
influence on start-up success (Brüderl, Preisendörfer, & Ziegler, 1992; Giones, Gozun, & Miralles, 
2019). However, other research has shown a negative impact (Stuart & Abetti, 1990) or even no 
significance of human capital at all (Khan et al., 2019; Stuetzer, Goethner, & Cantner, 2012). Possible 
explanations for these inconsistencies are (1) a lack of focus on the context of the new firm (Ratinho et 
al., 2020), (2) the differences among focusses on start-up team (Cooper, Gimeno-Gascon, & Woo, 
1994) and entrepreneurs (Bosma et al., 2004; Gimeno et al., 1997), and (3) the different proxies that are 
collected under the umbrella term of human capital, such as education and industry experience. Finally, 
defining the multidimensional concept of success proves to be not so straight forward (Eveleens, Van 
Rijnsoever, & Niesten, 2016).  
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The aim of this paper is thus to determine the effect of certain human capital factors on start-up success 
while taking into account the different choices stated above. In light of the context of smart city 
entrepreneurship, the focus is put on technology-based new ventures in specific. Smart city start-ups 
form a sub-set in the technology-based ventures. Furthermore, the constructs of human capital are 
measured across the founders of the start-up. Finally, to mediate for the multidimensional nature of 
success (Stam, Arzlanian, & Elfring, 2014), I consider three measures. The research question is as 
follows:  
 

Is founders’ human capital a determinant of success for technology-based new ventures?  
 
The focus of this question is two-fold: (1) technology-based start-ups, and (2) smart city start-ups. To 
test the hypotheses that follow from the literature review on the topic of human capital and start-up 
success, I collect data on founders’ human capital for a sample of 194 Dutch, technology-based start-
ups. After executing multiple regression, the results are described and discussed in the subsequent 
section. The theoretical and practical implications are furthermore discussed, as well as the limitations 
and possibilities for future research.   



 4 

2. Theory 
2.1 Start-up success 
Start-ups have a role to play in society. A start-up is a new organisation built on innovation in terms of 
technologies, business models, or both (Kollmann et al., 2016). These new ventures, if successful, play 
an essential role in facilitating economic growth by creating new employment and increasing innovation 
(Brown et al., 2019; Fritsch & Noseleit, 2012). However, in this rapidly changing innovative 
environment, a high proportion of start-ups fail (Colombo & Grilli, 2005). Therefore, scholars attempt 
to get more insight into what makes a start-up successful and what does not.  

Over the last decades, success has been a recurring concept in literature. However, it is not clear what 
success exactly entails. Since the concept is multidimensional by nature (Stam et al., 2014), it isn't 
straight forward to measure. One commonly chosen construct is survival. Even though surviving as a 
business doesn't always mean success is achieved, Brüderl et al. (1992) consider it a good indicator of 
success, nevertheless. Next, growth also holds importance for scholars when referring to a successful 
venture. Gupta, Guha, and Krishnaswami (2013) state that a start-up is successful when it is growing 
and can, therefore, be measured by revenue, sales, and employee growth. Furthermore, also receiving 
venture capital indicates success (Spiegel et al., 2016). Although receiving external investment is 
difficult (Van Osnabrugge, 2000), the start-ups that manage to get funded are more likely to grow 
(Colombo & Grilli, 2010). Thus, capturing success in multiple ways is important in the existing 
literature on factors influencing it.   

In the existing literature, the factors of start-up success are often categorised into three groups: external, 
firm-associated, and entrepreneur-associated factors (Sandberg & Hofer, 1987). The first category is 
related to the environment in which the firm operates. Research has shown that, in this category, market 
size, entry-level, and industry type have an influence (Chrisman, Bauerschmidt, & Hofer, 1998; 
Schutjens & Wever, 2000). In the second category, scholars argue the importance of firm size 
(Schutjens & Wever, 2000), the presence of a business partner (Groenewegen & De Langen, 2012), 
start-up capital (Brüderl et al., 1992; Lasch, Le Roy, & Yami, 2007,  and the quality of the business 
plan (Groenewegen & De Langen, 2012). Finally, factors linked to the entrepreneur of the venture 
include age (Van Praag, 2003), gender (Block & Sandner, 2007), push and pull factors (Busstra & 
Verhoef, 1993), social capital (Baron & Markman, 2003), and human capital. In this thesis, I explore 
the relationship between human capital and success.  
 
2.2 Human capital and start-up success 
Since a company's success is partially dependent on external and internal resources (Cooper et al., 
1994), it is interesting to research human capital’s influence on it. As a start-up is smaller than big 
corporations, it can, therefore, be argued that the resources come from internal sources (Cooper et al., 
1994). One possible resource is the personal contributions of the entrepreneur; in other words, founders' 
human capital (Krueger & Brazeal, 1994).  
 
The human capital theory of Becker (1964) forms the foundation of the existing literature. Becker 
(1964) states that human capital consists of the skills and knowledge that individuals acquire through 
investments in formal education, corporate training and other experiences. A variety of measures are 
used to capture human capital, including formal education, business classes, work experience, and 
related industry experience (Unger et al., 2011). Some research on this concept has explicitly looked at 
the distinction between two types, namely general and specific (Giones et al., 2019; Rauch & Rijskdijk, 
2013). General human capital is seen as the acquisition of knowledge that is not directly tied to a specific 
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experience, which covers general work experience, and education. Specific capital is then related to the 
knowledge gained while holding a particular position in a firm or a particular experience. This 
knowledge is, therefore, less transferable in general. Commonly used concepts to measure specific 
capital are start-up experience, industry experience, and managerial experience (Delmar & Shane, 
2006). Initially, the concept of human capital was used in research to test its effect on the distribution 
of employee income (Unger et al., 2011). It, therefore, used to appear more in research on large 
corporations. However, as of the end of the last century, scholars have increasingly applied the 
acquirement of knowledge to an entrepreneurial context, including start-up success (Bates, 1990; 
Bosma et al., 2004; Dencker, Gruber, & Shah, 2009). 
 
Even though there is a large amount of research on the effect of human capital on start-up success, the 
results are inconsistent. To achieve success, on the one hand, scholars argue that a founders' human 
capital has a positive effect on its chance to survive (Brüderl et al. 1992; Lussier & Corman, 1995). A 
meta-analysis of Unger et al. (2011) supports that finding, showing a small but significant relationship 
between human capital and start-up success. On the other hand, Stuart and Abetti (1990) found a 
negative influence of the level of education on the success of a start-up. They argue that the time spent 
gaining practical skills while actually managing a new firm is more important than the knowledge 
acquired in higher education. Finally, other scholars have even shown that there is no significant effect 
of human capital on start-up success (Davidsson & Honig, 2003; Khan et al., 2019; Stuetzer et al., 
2012).  
 
These different findings show the diversity in literature on human capital. The variety of these outcomes 
can be explained by several factors, based on the literature review done for this thesis. Firstly, the 
concept of success, as previously discussed, is not easy to measure in one single way. Thus, by using 
different constructs in both holistic and specific human capital-related research, different effects arise. 
Secondly, human capital is an umbrella term, enveloping various tangible and intangible aspects 
particular to an individual. In literature, the level of education and years of general work experience are 
two common variables when researching effect on a business' success (Bates, 1990; Dahl & Reichstein, 
2007; Khan et al., 2019). Thirdly, research is specific to countries and industries or types of start-ups. 
Some research was carried out on American firms (Gimeno et al., 1997; Shrader & Siegel, 2007), others 
on Dutch (Bosma et al., 2004; Van Praag, 2003) and Swedish new ventures (Davidsson & Honig, 2003). 
Additionally, some scholars focus more on mixed industries and a mix of start-ups types (Bosma et al., 
2004; Brüderl et al., 1992; Cooper et al., 1994; Dahl & Reichstein, 2007), while others focus more on 
specific contexts such as incubated firms (Gimmon & Levie, 2010; Peña, 2002) and high-tech start-ups 
(Colombo & Grilli, 2010; Hsu, 2007; Shrader & Siegel, 2007). Fourthly, another difference is that some 
scholars focus on the entrepreneur (Bates, 1990; Bosma et al., 2004; Denker et al., 2009; Gimeno et al., 
1997), while others focus more on the venture itself (Colombo & Grilli, 2010; Cooper et al., 1994; Peña, 
2002; Stuart & Abetti, 1990). 
 
In light of these diverse findings, I opt to focus on one specific context: technology-based start-ups. In 
entrepreneurial literature, defining a particular context is essential, yet often overlooked (Ratinho et al., 
2020). In this paper, I do not distinguish between high-tech or low-tech, as Unger et al. (2011) show 
that the effect of human capital is equally as strong for both. Scholars suggest that the knowledge of an 
entrepreneur affects his or her ability to adapt (Dencker et al., 2009). Since the industry of technology-
based firms is considered dynamic, entrepreneurs need to be able to quickly adapt to environmental 
changes (Unger et al., 2011). Shane (2000) argues that this entrepreneurial knowledge flows from prior 
work experience and education. Thus, education and work experience form the focus of this paper. An 
overview of previous research specific to these two constructs can be found in Appendix B. 
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The multitude of tangible and intangible assets brought to the table is essential for the survival and 
growth of new ventures (Bates, 1990) and sets one firm apart from the other. These skills and 
competencies of individuals come from different sources and are collected throughout his or her lifetime 
(Katz, 1994). Some researchers argue that higher educated individuals are more capable of processing 
information, especially in an innovative environment (Hambrick & Mason, 1984). Additionally, in 
terms of attracting external capital, highly educated entrepreneurs have a more appealing profile (Baum 
& Silverman, 2004; Cooper et al., 1994). Therefore, this intangible knowledge that flows from 
education might influence success. Although general education has already gotten much attention by 
scholars (Bosma et al., 2004; Brüderl et al., 1992; Cooper et al., 1994), the field of education has been 
less studied. Two relevant educational areas in research on technology-based firms are business and 
technology (Ratzinger et al., 2017). Although Davidsson and Honig (2003) did not find an influence of 
business education on success, other scholars did (Kollmann, 2006; Ratzinger et al., 2017). They argue 
that in the technology industry, a specific skill set that is matched to this industry improves the chance 
of success. Thus, an understanding of business or a technical background may prove useful in making 
a new venture succeed. Finally, these internal resources of human capital can come from multiple 
sources: founders and employees. However, the specific knowledge of a founder might prove more 
effective for they have a high stake in their company (Colombo & Grilli, 2010). Therefore, this thesis 
focuses on the founders' education in two different educational fields: economic and technical. Thus, 
the hypotheses regarding education and its effect on the success of technology-based start-up are as 
follows: 

H1. Founders' education in an economic field has a positive effect on the success of technology-
based start-ups 

H2. Founders' education in a technical field has a positive effect on the success of technology-
based start-ups 

Next to education, founders' general work experience might also influence the success of a start-up. 
Individuals' lack of education can be compensated by practical experience (Gruber, MacMillan, & 
Thompson, 2010). On-the-job training and real-life challenges can give a more functional and applied 
intangible knowledge that can also be useful in solving practical problems (Sternberg, 2004). The 
challenges entrepreneurs were confronted by in their previous position might facilitate the hurdles 
encountered during the early stages of founding a new venture (Bosma et al., 2004; Rauch & Rijsdijk, 
2013). Thus, the hypothesis regarding work experience and its effect on the success of technology-
based start-ups is as follows: 

H3. Founders' work experience has a positive effect on the success of technology-based start-
ups 

2.3 Smart city start-up success   
The three hypotheses above apply to the more general context of this thesis, mainly technology-based 
firms. One specific start-up that falls under this type is the smart city start-up. Over the last decades, 
literature shows an increased interest in smart cities. However, what makes a city smart is still up for 
debate. The definition of Caragliu et al. (2011, p.50) gives some insight into what it entails. They define 
a city as smart “when investments in human and social capital and traditional (transport) and modern 
(ICT) communication infrastructure fuel sustainable economic growth and high quality of life, with a 
wise management of natural resources, through participatory governance”. Through this definition, it 
becomes clear that the challenges a city faces require multiple efforts and collaboration to solve. ICT 
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and technology, in general, play an essential role in this context (Chourabi et al., 2012; Lombardi et al., 
2012). Furthermore, innovations are used to make life in the city more efficient and improve the quality 
of life of its inhabitants (Nam & Pardo, 2011). Additionally, an essential factor for smart cities seems 
to be human capital, specifically a highly educated workforce (Harrison et al., 2010; Lombardi et al., 
2012). This is where entrepreneurship comes in. Harrington (2017) argues that one of the four pillars 
of smart cities consists of entrepreneurs and highlights their importance in society for building 
innovative organisations. Due to the argued importance of entrepreneurship, it is interesting to look at 
the factors of success for smart city start-ups in specific. However, this field remains rather unexplored. 
In light of the highly innovative context, based on technology, and the theory stated above about 
education (Kollmann, 2006; Ratzinger et al., 2017), here technical knowledge might affect smart city 
start-ups in specific. The hypothesis for smart city start-ups is thus as follows: 
  

H4. Founders’ education in a technical field has a positive effect on the success of smart city 
start-ups  
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3. Empirical strategy 
3.1 Research design and data collection 
In this study, I use a quantitative cross-sectional approach to test the effect of founders’ human capital 
on the success of technology-based, including smart city, start-ups. This research follows a deductive 
logic with the firm as the unit of analysis.  
 
The initial data was collected from Crunchbase, an online database for start-ups. Over the last years, it 
has increasingly been used in the field of economic and managerial research (Dalle, den Besten, & 
Menon, 2017), making it a useful database for the scope of this thesis. It is good to mention that its 
online content is sourced from multiple channels. Among others, it uses publicly available information, 
venture capitalists, and data partners to gather information. The content is also partly sourced by the 
crowd, which is moderated before uploading (Dalle et al., 2017). From this database, I collected 
information on the name, location, employees, founders, and investment of the start-ups. However, 
solely the data on investment was considered as complete in the downloaded sample. All other required 
information was partially or completely not available via this source. Therefore, LinkedIn, company 
websites, Facebook, Twitter, and Google were used as additional sources to fill in the missing data on 
start-up success, founders, and market characteristics (see Table 1). Additionally, the information on 
the status of the firm was not reliable on Crunchbase. Therefore, I determined survival using the 
company’s LinkedIn, website, Facebook and Twitter page. When available, the sites Drimble.nl and 
Tracxn.com were used.  
 
The initial data was narrowed down in the following ways. Firstly, the chosen sample was taken from 
start-ups founded in the Netherlands in 2016. This four-year period after the foundation is argued as an 
appropriate timeframe in research on early-stage firm survival and economic growth (Fritsch & 
Noseleit, 2012). Next, a selection of the following cities was made: Amsterdam, Rotterdam, The Hague, 
Utrecht, Eindhoven, and Delft. The first five represent the largest cities in the Netherlands (Statista, 
2020); therefore, suitable for research on smart cities (Mora & Bolici, 2017). Also, Amsterdam is seen 
as the first smart city in Europe (Hollands, 2008). Additionally, Delft was selected in light of the focus 
in technology-based new ventures. It has the top technical university in the country and is the location 
of the first Dutch tech-incubator of the Netherlands, YES!Delft. The choice of these cities thus gives a 
good approximation of the status of smart city entrepreneurship in 2016. For determining whether a 
company is technology-based, I use the SCI (Hermse et al., 2020).  
 
The final sample consists of 194 technology-based start-ups. It represents the companies for which all 
data on the founders’ human capital was found. This data collection was done in May 2020. Finally, 
both failed and survived companies are included in the sample in an attempt to eliminate survival bias. 
 
Table 1: Overview of data collection sources 

  

Data Variable Sources 
Start-up success Survival 

 
Investment 
Size 

LinkedIn, company website, Twitter, Facebook, 
Drimble.nl, Tracxn.nl 
Crunchbase 
LinkedIn 

Founders’ human capital Education  
Experience 

LinkedIn 
LinkedIn, company website 
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3.2 Dependent variables 
This section contains the operationalisation of the dependent, independent, and control variables used 
in this research. An overview can be found in Table 7 (see Appendix C). Foremost, the dependent 
variable in this paper is success. In terms of choosing variables, Venkatraman and Ramanujan (1986) 
highlight the choice between financial and non-financial indicators. As discussed before, it is 
recommended to measure success using multiple variables. By doing this, the validity of the variable 
increases (Eveleens et al., 2016). Therefore, at least one variable from both financial and non-financial 
categories is chosen. Thus, firstly, I use the variable of start-up Survival (Eveleens, 2019; Groenewegen 
& De Langen, 2012; Millan, Congregado, & Roman, 2010; Van Praag, 2003). It is operationalised as a 
binary variable that measures whether a company is still operating at the time of the data collection. 
Note here that acquired start-ups are coded as survived (Bates, 1990). The second non-financial variable 
is the Size (Colombo & Grilli, 2010; Davidsson & Honig, Giones et al., 2019; 2003; Peña, 2002). The 
firm's number of employees at the time of data collection operationalises this variable. If the company 
did not survive, this variable was set to zero. Thirdly is a financial variable: Investment (Colombo & 
Grilli, 2010; Gimmon & Levie, 2010; Hsu, 2007). This concept was operationalised as a binary variable 
that reflects whether the start-up was externally funded or not.  
 
3.3 Independent variables 
In this research, I use five independent variables. The first two are used to classify a start-up as smart 
but do so in a different way. Firstly, Smart city, which is operationalised as a binary variable coded one 
if the firm is smart city; zero if it is not. Secondly, Smart city score, a categorical variable ranging from 
0-6 – where 0 to 1 is equal to the smart city binary variable and 2 to 6 are intensity factors (Hermse et 
al., 2020). The next two independent variables measure the founders’ education. Education is often 
operationalised as the achieved level, ranging from a high school degree to a master’s degree and higher 
(Dahl & Reichstein, 2007; Hsu, 2007; Schuntjes & Wever, 2000). Here, however, I measure education 
for two specific fields, economic and technical education (Colombo & Grilli, 2010). Firstly, Economic 
education is operationalised as the average years of higher education across founders followed in the 
economic. In terms of economic field, management, marketing, business, finance, econometrics, and 
entrepreneurship are included. Secondly, Technical education is operationalised as the average years of 
higher education across founders followed in the technical field. In terms of technical field, science, 
(industrial) engineering, AI, computer science, IT, and architecture are included. The term higher 
education includes both University and University of Applied Sciences degrees. The decision to 
measure the average is to correct for the number of founders. The choice to measure years is made in 
order to better represent the entrepreneurs that have educational experience in both fields (f.e a 
bachelor’s in engineering and a master’s in business administration). Finally, the fifth independent 
variable is years of Work experience. This is operationalised as the average of the number of years of 
full-time employment across founders, in any sector. Here, military duty, freelance work, and assisting 
jobs during studies are not taken into account.  
 
3.4 Controls 
For the models in this thesis, I use four control variables, represented in research as human capital 
factors that influence start-up success. The first is Entrepreneurial experience. Scholars argue that the 
skills learnt by doing are an essential element of the knowledge that the founders bring to the start-up 
(Delmar & Shane, 2006). Entrepreneurial experience is operationalised by a binary variable that is 
coded one when at least one founder has prior experience in founding a start-up (Cassar, 2014; Delmar 
& Shane, 2006). Another control that influences success is the size of the founding team (Cooper, Woo, 
& Dunkelberg, 1989). Research has shown that larger teams bring more resources in the company 
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(Beckman, Burton, & O’Reilly, 2007; Dencker et al., 2009; Ratzinger et al., 2017). It also is a criterium 
on which venture capitalists select to finance a start-up (Baum & Silverman, 2004). Industries based on 
a high level of technology might need more resources, therefore, team are encouraged (Gartner, 1985). 
The Number of founders is operationalised as a count variable reflecting the number of initial founders 
of the new venture. Next, differences in Gender are controlled for by introducing the percentage of 
males in a founding team (Chowdhury, 2005; Leendertse, 2018). However, even though scholars have 
found that females a more prone to failure (Block & Sandner, 2007), it has been shown that females 
still constitute a minority in the pool of entrepreneurs (Millan et al., 2010). Furthermore, research shows 
that market type also has an effect on success (Eveleens, 2019; Haber & Reichel, 2007). It is 
operationalised as a binary variable Market B2C, coded zero when a company operates in a B2B 
environment and one when it operates in a B2C. Note here that in case both situations apply, the variable 
is coded zero. 
 
3.5 Descriptive statistics 
The sample consists of 194 start-ups for which all required data was available. Table 2 shows the 
number of observations, the mean, standard deviation, and range for each variable I use. In terms of 
dependent variables, Survival is the first one. In this sample, 28 out of 194 companies did not survive, 
setting the percentage of survived firms at 85.6%. For the second variable Investment, the proportion is 
way lower: one-third of the start-ups received external funding. The last dependent variable is Size, 
measured in the number of employees. The range of this variable is altered after taking out two severe 
outliers, decreasing the maximum value from 1316 to 102 (see Appendix D). The average number of 
employees is 10.5. Furthermore, in terms of independent variables, both Economic education and 
Technical education have low means, respectively, an average of 1.7 years and 2.5 years per founder. 
Both standard deviations are higher than the means, which has to do with the high number of zeros in 
the data sample. Finally, the average Work experience is 10.4 years per founder. In terms of control 
variables, 66.5% of the start-ups has at least one founder with prior Entrepreneurial experience. With 
regards to the variable Gender, the sample is heavily skewed towards a high percentage of males in the 
founding team. This is due to the small number of women in this dataset. The average Number of 
founders lies close to 2. In the ample, around 48% of the start-ups are founded by two individuals. 
Finally, the industry is in 32.5% of the cases a Market B2C. 
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Table 2: Descriptive statistics 

Variable Observations Mean Std. Dev. Min Max 

Survival 194 0.856 0.352 0 1 

Investment 194 0.330 0.471 0 1 

Size 192 10.495 13.813 0 102 

Smart city 194 0.119 0.324 0 1 

Smart city score 194 0.371 1.085 0 6 

Economic 
education 194 1.733 2.169 0 11 

Technical 
education 194 2.490 3.108 0 13.5 

Work experience 194 10.386 6.360 0 29.7 

Entrepreneurial 
experience 194 0.665 0.473 0 1 

Gender 194 0.904 0.257 0 1 

Number of 
founders 194 1.773 0.762 1 4 

Market B2C 194 0.325 0.469 0 1 

 
Next, I show the results of coding the dataset using the SCI (Hermse et al., 2020). In Table 3, both 
absolute numbers and percentages are shown per city and per theme. The themes are the following: 
“City” (City), “Technology” (Tech), “Quality of life” (Qual of Life), “Citizen” (Citiz), “Sustainability” 
(Sust), “ICT” (ICT), and “Economic” (Econ). Since the sample consists only of technology-based start-
ups, the percentage of “Technology” is logically always 100%. Note that when “ICT” is coded one, 
“Technology” is also coded one – not vice versa. Additionally, “Citizen” can only be coded when there 
is a mention of the keyword “City”. In total, I found twenty-three smart city start-ups in this sample 
(see Table 3), consisting of 11.9%. In the last column of Table 3, it is clear the largest city, Amsterdam, 
has the highest number of smart city start-ups of the sample, constituting of 43.5%. This leans toward 
supporting the approach on smart city research of Mora & Bolici (2017). Furthermore, the smaller the 
city gets, the lower the percentages, except for The Hague. Out of thirteen technology-based start-ups, 
not one was smart city. Even though this sample doesn’t show any smart city initiatives in 2016, the 
city started to make an effort in 2018 (Sangen, 2018). What is interesting to see is that Rotterdam has 
the highest percentage of smart city ventures. This is the same year a Rotterdam-led initiative regarding 
Smart City was approved (Gemeente Rotterdam, 2016). The approval came for a subsidy of the EU in 
light of the Horizon 2020 programme, which supports initiatives regarding ICT, Energy and Mobility. 
Furthermore, a high percentage of technology-based start-ups in the sample are based on ICT (83.5%), 
supporting its importance found in definitions (Caragliu et al., 2011). Finally, in the business ideas 
behind the start-ups, an effort to make cost-effective initiatives is made evident by the 30.9% of the 
cases that cover the theme “Economic”. 
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Table 3: Results of smart city coding 

Location #  City Tech Qual 
of Life Citiz Sust ICT Econ SC 

(#) 
SC (% of 
sample) 

Amsterdam 
109 # 10 109 10 5 16 99 38 10 43.5% 

 % 9.2% 100% 9.2% 50.0% 14.7% 90.8% 34.9%   

Rotterdam 
30 # 6 30 8 12 6 21 9 6 26.1% 

 % 20.0% 100% 26.7% 40.0% 20.0% 70.0% 30.0%   

The Hague 
13 # 0 13 0 0 2 10 1 0 0.0% 

 % 0.0% 100% 0.0% 0.0% 15.4% 76.9% 7.7%   

Utrecht 
19 # 3 19 3 1 4 17 4 3 13.0% 

 % 15.8% 100% 15.8% 0.0% 21.1% 89.5% 21.1%   

Eindhoven 
6 # 2 6 1 1 1 3 2 2 8.7% 

 % 33.3% 100% 16.7% 16.7% 16.7% 50.0% 33.3%   

Delft 
17 # 2 17 4 2 6 12 6 2 8.7% 

 % 11.8% 100% 23.5% 11.8% 35.3% 70.6% 35.3%   

Total 
sample 194 # 23 194 26 5 35 162 60 23 100.0% 

  % 11.9% 100% 13.4% 2.6% 18.0% 83.5% 30.9%   

 
3.6 Data analysis 
To test the relationship between the dependent and independent variables of this research, I regress a 
series of models using Stata (StataCorp, 2013). The independent variables Survival and Investment are 
both binary variables. Thus, a Binary Logit Model (BLM) is a suitable regression to use for these two 
dependents. The third dependent Size is measured by the number of employees and consists of a count 
variable. A variable is considered as such when it only has positive, nonnegative integer values (Hilbe, 
2014). In this case, using OLS can cause biased results (Coxe, West, & Aiken, 2009), thus, a different 
model is applied. For count variables, either a Poisson or Negative Binomial model would be an 
appropriate choice (Long, 1997). To test whether Poisson is a good fit, I check for overdispersion or 
whether the variance is significantly higher than the mean (see Appendix E). For this variable, the 
overdispersion is significantly high, therefore, the Negative Binomial model is preferred. 
 
Before I regress the models, I need to verify the required assumptions. The first assumption is 
multicollinearity. For this, I check the variational inflation factors (see Table 11 in Appendix F). The 
values are relatively high for smart city and smart city score (>9), since the first variable is nested in 
the score variable. Next, the interaction effect between smart city score and technological education 
also shows a highly correlation due to the multiplication of these two variables. The remaining values 
are below 2; therefore, no problem of multicollinearity persists (Field, Miles, & Field, 2012). 
Additionally, I also make a Spearman’s correlation matrix (see Table 5). In Table 5, the highly 
correlated variables are again the two smart city variables. Additionally, the values in the table show a 
slightly positive relationship between Survival and Size, whereas the association between Survival and 
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Investment is negative. Finally, I check the distribution of Size for outliers. This is used in combination 
with Nick Cox’s extremes, which gives the five highest and lowest values of a variable. Based on these 
graphics, I regress Size excluding the high outliers. The test with outliers gave a substantially different 
outcome, therefore, they were taken out. 
 
For each of the three independent variables, I regress five models (see Appendix G). Model 1 contains 
only the control variables. Model 2 consists of adding the independent variables of education and 
experience to the control variables, completed with the binary Smart city variable. In Model 4, I then 
add the interaction variable between Smart city and Technical education. Model 3 consists then of 
adding the independent variables, complemented with the Smart city score variable, whereas Model 5 
contains the interaction effect of the Smart city score and Technical education. To assess the individual 
performance of the models, I use a McFadden pseudo-R-squared test. A performant model gets a value 
between 0.2 and 0.4 (McFadden, 1973). I afterwards perform a lrtest, which measures the likelihood 
ratio of the models in comparison with Model 1.   
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Table 4: Correlations 

 Variables 1 2 3 4 5 6 7 

1 Survival 1.000       

2 Investment -0.052 1.000      

3 Size 0.314 0.232 1.000     

4 Smart city 0.062 0.147 -0.017 1.000    

5 Smart city score 0.088 0.173 -0.002 0.935 1.000   

6 Economic 
education 0.040 -0.086 0.110 -0.024 -0.004 1.000  

7 Technical 
education -0.074 0.136 -0.049 -0.054 -0.028 -0.410 1.000 

8 Work experience 0.187 -0.151 0.032 -0.006 0.009 -0.001 -0.065 

9 Entrepreneurial 
experience 0.177 0.125 0.157 0.023 0.071 0.010 -0.096 

10 Gender -0.069 0.069 0.077 -0.017 0.018 0.115 0.161 

11 Number of 
founders 0.011 0.241 0.119 -0.162 -0.129 -0.049 0.037 

12 Market B2C -0.120 0.047 0.055 0.152 0.096 0.047 -0.080 

 
 Variables 8 9 10 11 12 

1 Survival      

2 Investment      

3 Size      

4 Smart city      

5 Smart city score      

6 Economic 
education      

7 Technical 
education      

8 Work experience 1.000     

9 Entrepreneurial 
experience 0.171 1.000    

10 Gender -0.003 0.035 1.000   

11 Number of 
founders -0.077 0.222 0.104 1.000  

12 Market B2C -0.165 0.024 -0.071 0.035 1.000 
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4. Results 
Table 5 shows the results of the models testing the effect of the independent variables on success. The 
first column of each variable shows the results of the control model, the second shows the results of the 
full model using the binary variable for Smart city, and finally, the third column shows the results of 
the full model using the variable of Smart city score. 
 
Table 5: Regression of models testing the effect of human capital on success 

 Dependent variable 

 SURVIVAL INVESTMENT SIZE 

Var Control Full 
(binary) 

Full 
(score) Control Full 

(binary) 
Full 

(score) Control Full 
(binary) 

Full 
(score) 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

SMART
-CITY  0.027 

(0.075)   0.294** 
(0.148)   0.010 

(0.318)  

SC 
SCORE   0.022 

(0.034)   0.077* 
(0.043)   0.008 

(0.102) 

SC*TEC
HEDUC  0.043 

(0.053)   0.008 
(0.038)   -0.025 

(0.090)  

SCORE
*TECH
EDUC 

  0.015 
(0.022)   0.007 

(0.014)   -0.009 
(0.028) 

ECO-
EDUC  0.006 

(0.011) 
0.006 

(0.012)  -0.006 
(0.019) 

-0.008 
(0.019)  0.053 

(0.041) 
0.053 

(0.041) 

TECH-
EDUC  -0.005 

(0.007) 
-0.004 
(0.004)  0.018 

(0.014) 
0.017 

(0.014)  -0.008 
(0.030) 

-0.001 
(0.030) 

WORK 
EXP  0.007** 

(0.004) 
0.007* 
(0.004)  -0.013** 

(0.006) 
-0.013** 
(0.006)  -0.002 

(0.014) 
-0.002 
(0.014) 

ENTRE- 
EXP 

0.139** 
(0.061) 

0.094* 
(0.056) 

0.090* 
(0.055) 

0.081 
(0.073) 

0.116 
(0.075) 

0.105 
(0.076) 

0.422** 
(0.181) 

0.435** 
(0.188) 

0.436** 
(0.188) 

GEN-
DER 

-0.124 
(0.110) 

-0.110 
(0.101) 

-0.107 
(0.098) 

0.102 
(0.153) 

0.068 
(0.161) 

0.060 
(0.163) 

0.475 
(0.333) 

0.425 
(0.341) 

0.422 
(0.340) 

NFOUD-
ERS 

-0.010 
(0.032) 

-0.001 
(0.029) 

0.001 
(0.028) 

0.131*** 
(0.047) 

0.145*** 
(0.049) 

0.143*** 
(0.050) 

0.130 
(0.114) 

0.128 
(0.116) 

0.129 
(0.116) 

MARK-
ET B2C 

-0.100* 
(0.057) 

-0.098* 
(0.056) 

-0.094* 
(0.054) 

0.046 
(0.075) 

-0.003 
(0.077) 

0.005 
(0.077) 

0.103 
(0.176) 

0.185 
(0.177) 

0.104 
(0.177) 

Cons-
tant - - - - - - 1.339*** 

(0.366) 
1.306*** 
(0.405) 

1.304*** 
(0.397) 

Obser-
vations 194 194 194 194 194 194 192 192 192 

McFadd
-en R2 0.065 0.112 0.115 0.052 0.114 0.118 0.008 0.010 0.010 

Log 
Likeli-
hood 

-74.880 -71.124 -70.828 -116.560 -109.015 -108.474 -644.485 -643.333 -643.314 

LR-test  7.51 8.10  15.09** 16.17***  2.30 2.34 

Note: *p<0.10, **p<0.05, ***p<0.01 
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The fit of the models of Survival and Investment are both significant at a 5%-level. To keep consistency 
across the different dependent variables, I keep the same variables in the regression of Size. However, 
here the group of independent variables does not reliably predict the dependent variable (prob>chi2 is 
above 10%). Furthermore, looking at the McFadden value for Survival, it grows substantially from 
0.065 to 0.115 when adding the independent variables and the interaction effect. It shows an 
improvement in the performance of the model. The same goes for the models of Investment. Here, the 
lrtest I use is significant at a 5%-level for the comparison between the two models and the control 
model, meaning it increases the effect on Investment significantly. Finally, the performance of the 
regression on Size is very insignificant, apparent by the low McFadden value (0.010).  
 
Overall, the results in Table 5 show that there is little consistency in the effect of each independent 
variable on different variables measuring success. The insignificant results of education across the 
dependent variables provide evidence that hypothesis 1 and 2 cannot be supported. Economic education 
has a slightly positive but insignificant effect on Survival and Size, whereas this effect is negative for 
Investment. This relationship is probably affected by the negative correlation between Investment and 
the other dependent variables (see Table 4). The effect of Technical education is also insignificant on 
smart city start-ups, comparable to Colombo and Grilli (2010). Interesting is the difference in the effect 
of Technical education between the whole sample and smart city entrepreneurship. Although it is really 
small, where Technical education negatively affects technology-based start-ups, it has a slight positive, 
however insignificant, effect on smart city start-ups. Thus, overall hypothesis 4 is also rejected. 
Furthermore, Work experience does not have a generally positive impact on success, thus, hypothesis 3 
is also rejected. However, the influence is significant on Survival, supporting the theory that more work 
experience increases the chance of survival (Brüderl et al., 1992; Ratzinger et al., 2017).  Finally, an 
interesting finding has to do with the variable of smart city start-ups. Both the binary variable and the 
score variable have a positive effect on Survival, Investment, and Size. However, this effect is only 
significant for Investment, at a 5%-level for the binary variable and a 10%-level for the smart city score. 
In this sample, smart city start-ups are more likely to be funded.  
 
Regarding the control variables, there are some significant effects on the dependents measuring success.  
Firstly, Entrepreneurial experience is both significant in the models of Survival and the models of Size 
at a 10%-level. The influence is, in both cases, positive; however, the effect is higher and more 
significant in the case of Size (at a 5%-level). Next, the effect of the Number of founders is also positive 
and significant at a 1%-level for Investment. Thus, a larger founding team has a positive impact on 
getting external financing. Furthermore, the results also show a negative effect at a significant level of 
5% of the market environment in case of B2C companies, meaning that technology-based start-ups that 
sell products or services to consumers have less chance to succeed than technology-based start-ups in 
B2B environments. For Gender, in other words, the percentage of males in the founding team, all the 
effects are insignificant and take both positive to negative values for different dependents.  
 
In terms of robustness, I use three dependent variables to measure success. Also, I regress five models 
for each dependent variable (see Appendix G). Furthermore, I check for the difference for smart city 
using a binary smart city variable and the score variable. 
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5. Discussion and Conclusion 
5.1 Contributions and implications 
The objective of this research was to examine whether founders’ human capital is beneficial to the 
success of technology-based start-ups. Based on the results, the importance of certain intangible factors 
on early-stage start-ups is found. Firstly, entrepreneurial experience seems to be important in increasing 
the survival chance of a new firm, as well as its employee growth (Delmar & Shane, 2006). Secondly, 
the higher the number of founders, the higher the chance of receiving external funding. Therefore, this 
seems to support the claim that a higher number of founders is important for external funders (Cooper 
et al., 1989). Thirdly, the influence of work experience is positively related to the survival chances of a 
firm, which is consistent with Brüderl et al. (1992). However, the opposite effect was found on receiving 
external funding. This difference suggests that other factors might be more important for external 
funders than work experience. Fourthly, it is interesting to see that being a smart-city start-up positively 
influences the chance of getting externally funded. To know what the underlying factors are of this 
effect, additional research is needed. Generally, a theoretical implication of this paper is that the 
complexity regarding the multidimensional nature of success is yet again supported (Eveleens et al., 
2016; Stam et al., 2014). This is shown by the multiplicity of factors contributing to one element of 
success, but at the same time having a negligible effect on another.  
 
The results regarding education are inconsistent with other research. On the one hand, while choosing 
the same dependents for success and independents for education, the insignificance of economic 
education differs from Colombo and Grilli (2010). This lack of consistency may be explained by some 
of the following differences. Firstly, while both datasets consist of new ventures, the dataset of this 
paper contains Dutch firms founded in 2016 and theirs contains Italian firms founded in 1980, 2000, 
2004. Thus, there is difference in time and location. Secondly, the focus of the papers differs. Colombo 
and Grilli (2010) focus on high-tech start-ups only, while this paper zooms out to technology-based 
start-ups in general. The negligible difference between high-tech and low-tech supported this decision 
(Unger et al., 2011); this may not be the differing factor. On the other hand, the insignificant effect of 
technical education supports the results of Colombo and Grilli (2010). However, other scholars did find 
a significant outcome (Kollmann, 2006; Ratzinger et al., 2017).  
 
In practice, this paper has the following implications. In light of Dutch technology-based start-ups, 
starting entrepreneurs should not undervalue the importance of prior experience, whether it is 
entrepreneurial experience or work experience in general. Even though entrepreneurial experience can 
only be learnt by doing (Delmar & Shane, 2006), it might be useful to compensate for a lack thereof by 
finding a business partner who does or to appeal to external advice. Furthermore, to be part of a founding 
team seems to improve the chances of getting funded. Thus, when funding is essential for bringing the 
start-up’s service or product to the market, teaming up can be a good idea. 
 
5.2 Limitations and further research 
This paper has certain limitations. Firstly, the comparison between Colombo and Grilli (2010) was less 
straightforward due to the lack of distinction between high- and low-tech start-ups. Even though this 
line of research was supported (Unger et al., 2011), it would have made comparing the outcomes more 
parallel. Secondly, another limitation of this paper is the short-term focus. At this point, the importance 
of certain human capital factors can solely be framed as determinants of success in the first phase of a 
start-up. Therefore, research following start-ups over a more extended period would be interesting to 
test the long-term effects. Thirdly, this study is merely focused on the Netherlands, making it not 
generalisable to other countries. Thus, to correct for these two last limitations, it would be interesting 
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to do multi-level, longitudinal research. Here, data could be collected from multiple international cities, 
especially those focused on supporting smart city entrepreneurship. Additionally, the distinction 
between high- and low-tech industries can be further explored. Even though technology research is 
crucial in ventures (Taylor & Greve, 2006), technology might not have a significant effect on its own. 
Therefore, the combination of highly educated founders in the founding team, together with experienced 
partners, might prove a successful line of research based on heterogeneity research in tenure (Taylor & 
Greve, 2006). Fourthly, the level of formal education achieved was not included as a variable; there 
would have been too many, based on the number of data entries. Instead, the number of years of 
education was used. However, including this variable would have provided a base of comparison to 
other studies on formal education (Bosma et al., 2004; Brüderl et al., 1992). Lastly, another limitation 
consists of the choice of success measure. The chosen variables for success in this thesis are often used 
in research (Bates, 1990; Bosma et al., 2004; Davidsson & Honig, 2003; Van Praag, 2003), although 
there are many more constructs to include (Eveleens et al., 2016). For example, it would have been 
useful to add another financial performance measure (Venkatraman & Ramanujam, 1986), such as 
profit or valuation of the firm. 
 
The results of the explorative part on smart city opens the door for future research. Start-ups classified 
as smart city showed a significantly positive effect on investment, for which the underlying drivers are 
still unknow. Furthermore, while collaborating on the Smart City Index, we found not only that human 
capital was a necessary condition, but also social capital. Since social capital is seen as a factor of start-
up success (Baron & Markman, 2003; Davidsson & Honig, 2003), it might be interesting for future 
research to incorporate both constructs and test their effect successful smart city entrepreneurship. 
 
5.3 Conclusion  
Conclusively, this paper argues a positive relationship of founders’ experience on the success of 
technology-based start-ups; however, no significant effect was found for education. Furthermore, this 
study is an exploratory effort regarding research on smart city entrepreneurship. The added working 
paper can hopefully help future research by identifying some of the key elements that make a city smart 
and additionally illustrate to entrepreneurs and policymakers what is key in transforming the urban area.   
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1. Introduction  
This article develops a classification scheme for smart city startups based on 73 definitions found in the literature. 
Smart city development is high on the policy agenda of urban planners around the world (de Lima et al., 2020). 
Research has shown that smart cities are part of a new and fast reality that will change the ways of improving the 
efficiency, equity, sustainability, and quality of life in cities (Batty et al., 2012). However, the literature is 
developing without a clear and unambiguous definition of the concept. It is essential to have a reliable meaning 
to ensure consistency and comparability across studies. A clear and specific definition of the concept would be 
helpful in a range of different applications.  
 
In the literature, we found 20 literature review articles looking for a common thread in the numerous existing 
definitions. In this paper, we develop a workable definition of the concept “smart city” based on 73 definitions 
found in 93 academic articles. The resulting algorithm allows us to classify, e.g. projects and startups as being 
“smart city”. We develop this classification scheme based on the methodology developed for the definition of 
“user innovations” in Eckinger and Sanders (2019). These authors classify the concept in two steps. After 
collecting a wide variety of definitions from the literature, we first identify the essential elements common to all 
interpretations. These make up the necessary conditions for being defined as a smart city project (0/1). We then 
code and count additional elements and take the eight most common ones. Scoring projects and startups on each 
of these (1/0) and adding these, give us an intensity score.  
 
The contribution of this paper is, therefore, twofold. Firstly, we collected definitions of smart cities used in the 
emerging literature, providing an overview of the emerging concept. Secondly, we adapt the classification method 
in Eckinger and Sanders (2019) to classify projects and startups as a “smart city.” In this way, we will facilitate 
data collection and future empirical research on smart city development greatly.  
 
The remainder of the paper is structured as follows. Firstly, we present an examination of the ground of prior 
research and summarizing the current state of literature in reference to the smart city concept. Secondly, we 
present the method used for data collection and coding processing. Thirdly, we reported the results obtained by 
applying the coding developed to three different databases of three incubators in Utrecht, Gutemberg and Nice. 
Lastly, we extended the presentation of the final results by a conclusion and a discussion of the limitations of this 
paper. 
 
2. Literature review 
Although there is a growing interest in smart cities, there is no common definition of this concept. In some research 
smart cities are termed as for example intelligent city, digital city, innovative city or knowledge city (Tan, 1999; 
Krisna Adiyarta, 2020; Sun & Poole, 2010; Ismagilova et al., 2019; Fietkiewicx et al., 2017; Sproull & Patterson, 
2004; Stolfi & Sussman, 2001). These terms are all tangential to the concept of a “smart city” but are not identical. 
As smart cities represent something more than those concepts (Yigitcanlara et al., 2018; Samarakkody et al., 
2019). The variety of terms used to refer to the concept of smart cities makes the definition of the concept 
ambiguous. Definitions used are based on different themes, elements, or dimensions (Giffinger et al., 2007: 
Winkowska, Szpilko, & Pejić, 2019; Silva, Khan & Han, 2018). A highly cited definition of smart city that 
incorporates many of these elements is “a city is smart when investments in human and social capital and 
traditional (transport) and modern (ICT) communication infrastructure fuel sustainable economic growth and high 
quality of life, with a wise management of natural resources, through participatory governance” (Caragliu et al., 
2011, p.70) However, other definitions emphasize other dimensions. For example, according to Zhuhadar et al. 
(2017, p. 274) “smart cities are those cities that have the greatest quality of life and economic wellbeing for their 
citizens”. This definition emphasizes the citizens in a city and their quality of life.  Whereas, e.g. Neirotti et al. 
(2014, p.25) focus on the Information and Communication Technologies (ICT) aspect of smart cities, stating: 
“smart cities are characterized by the pervasive use of ICT, which, in various urban domains, help cities make 
better use of their resources”. Governance and institutional components are also often emphasized in definitions. 
According to for example Nam & Pardo (2011, p.284) “smart cities are an organic connection among 
technological, human and institutional components. The usage of ‘smart’ captures innovative and transformative 
changes driven by new technologies”. Most scholars emphasize the quality of life, citizen wellbeing, technology, 
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or governance. But other topics are also frequently incorporated, such as innovation, collaboration, and 
infrastructures. None of the definitions incorporates all the themes identified in the definitions of smart city. To 
be able to progress with the smart city movement, entrepreneurs form an essential part (Lombardi et al., 2012). 
However, as mentioned, there is no readily available definition of smart city, so it is even harder to define a smart 
city start-up. Creating such a definition and the additional coding scheme for smart city start-ups improves the 
research possibilities for smart cities.  
 
3. Methodology  
The aim of this paper is to develop a clear classification scheme to identify “smart city” projects and startups. To 
do so, we follow the method of Eckinger and Sanders (2019), using a variety of definitions found in the existing 
literature. Based on these definitions, we develop an index using necessary conditions for “smart city” on the one 
hand, and on the other hand, use non-necessary variables to measure the intensity. We call this our Smart City 
Index (SCI). In this section, we explain how we get to this index.  
 
Firstly, we looked for papers regarding smart cities and their definitions in the literature via Google Scholar. The 
search terms used were “smart city”, “smart-city”, “smart city” AND “literature review”, “smart city” AND 
“definition”, and “definition smart city”. In total, we came up with 165 articles, including multiples of the same 
reference and twenty literature review articles from which we took articles and definitions to supplement our 
reference list. After deleting the recurring papers, we were left with a list of 92 peer-reviewed papers, excluding 
20 literature reviews (see Appendix A). These 92 references were collected in an Excel file with a column for the 
author, publication date, title, and journal. Next, these remaining articles were ranked by the number of citations 
per paper, since there was a difference in relevance among them. These citations were taken from Google Scholar 
on the 1st of April 2020 and added to the spreadsheet in a separate column. To be more accurate, two extra 
columns were added; one with citations per year, thus taking the total citations per article and dividing it by the 
years the article had been in circulation, and another for the rounded up number of these citations per year. We 
deleted articles below 3 citations per year, however keeping the articles of 2019 and 2020 regardless, plus the 
definitions of the European Parliament (2014). Finally, we ended up with 78 different references.  
 
Next, we divided the 78 articles amongst ourselves (excluding the literature reviews) and looked in each one for 
a definition using “smart city”, “define” and/or “definition”, later adding this to the Excel file in a new column. 
Some definitions were quoted multiple times by different authors. These were deleted, after which we ended up 
with a total of 73 unique definitions of a smart city in an Excel sheet (See Appendix B). Afterwards, we listed the 
main keywords per definition. To come to an idea on what keywords appeared most, we did an initial search of 
the recurrence per word. Based on this, we were able to code the most recurring keywords and chose the following 
themes, coded 0 if the definition did not include the theme, coded 1 if it did. The themes were “technology”, 
“ICT”, “quality of life”, “city”, “sustainability”, “innovation”, “collaboration”, “citizen”, “integration”, 
“economic”, “human capital”, “social capital”, “business”, “resource management”, “infrastructure”, 
“efficiency”, “safety/security”, “transportation”, “network”, “energy”, “growth”, and “creativity”. Next, we 
calculated the percentage of appearances in the 73 definitions by making a sum of all the codes and ordered them 
in descending order (see Appendix C1). Additionally, we also calculated the percentage of appearances based on 
the total amount of citations per year (see Appendix C2). 
 
3.1 First results 
Based on the percentages, the following themes and keywords are identified (see Table 3). In this table, the themes 
are presented as well as the keywords that are included in the particular theme. For the first results, we defined 
two necessary conditions - technology and city - and seven intensity conditions - ICT, citizen, environmental 
sustainability, quality of life, social capital, economic and human capital.  
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Table 3: SCI  
Conditions Themes Keywords included 

Necessary conditions Technology Technology, data, sensors, 
activators, internet, ICT, IT, 
database, algorithm, grid, digital, 
solar panels, smart meters, WIFI, 
software, hardware, smart 
devices) 

City City, urban, urban challenges, 
territory, place, geographical area 

Intensity conditions ICT ICT 
Citizen Citizen, inhabitants, people 
Environmental sustainability Sustainability, green, 

environmental, ecological 
Quality of Life Quality of life, liveability, 

prosperity, habitable, well-being 
Social Capital Social capital, social, social 

wealth, inclusion, community 
Economic Economic 
Human capital Human capital, intelligence, 

skilled workers/jobs, (high) 
education, knowledge 

 
Based on these first results, multiple robustness tests are carried out. In these robustness tests, our first results of 
the coding scheme are put into practice on the data retrieved on the start-ups of our theses. Each author individually 
codes the start-ups, based on their description. This description comes from the website. In most cases, the 
information gathered there is sufficient to be able to code the themes. Afterwards,  the results are discussed. This 
way, we are able to validate our coding scheme. We gather information on whether the coding scheme is 
replicable, and whether it is even possible to code each of the variables. Changes to the coding scheme are made 
according to the results of the robustness tests. 
 
3.2 Robustness tests 
(1) To test the robustness of the coding scheme, we each applied it to companies from the dataset at our proposal. 
This dataset includes start-ups that have applied for incubation at UtrechtInc from 2014 till 2017. For each 
company, we coded over the nine variables - two necessary and seven intensity conditions - using the description 
of the company used on the website. During the discussion of our individual results, small irregularities were 
found. We thus decided to make the following adjustments. First, for the themes of human and social capital, we 
used the following definitions: 
 
Human Capital. In Laroche, Mérette, and Ruggeri (1999, p.89), human capital is defined as the “aggregation of 
the innate abilities and the knowledge and skills that individuals acquire and develop throughout their lifetime”. 
Thus, the theme of human capital has to do with the attraction and appeal to skilled labour forces in the context 
of smart city. Therefore, we clustered the keywords intelligence, skilled jobs, (high) education and knowledge 
under this theme. Stated in Hollands (2008), human capital also has to do with creativity.  
Social Capital. The Healy and Côté (2001, p.41) defines social capital as “networks together with shared norms, 
values and understandings that facilitate co-operation within or among groups”. Social capital entails various 
keywords form our definitions, namely, social, social wealth, inclusion and community.  
 
However important they are for a smart city, we were not able to code these variables based on the descriptions 
of companies we looked at. In light of large databases, acquiring these variables would become too unstructured 
and thus not robust enough. We, therefore, decided to take them out of the intensity factors. Secondly, the 
definition of the themes quality of life and citizens needed some more funnelling, to make the difference between 
the two clearer. Finally, we decided to adjust the theme sustainability. A company would not only be seen as 
sustainable if products and services offered are sustainable but also if the general goal of the company is to make 
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people more sustainable. An example here is the website Nature Today, which is not sustainable an sich, however, 
the information they spread awareness of nature and what has to be preserved.  
 
(2) Since some adjustments were made in the first robustness test, we did a second test. This time, the dataset of 
start-ups in Gothenburg were used. These start-ups all are incubated at Chalmers Ventures between 2015 and 
2020. We coded ten companies. This time we coded seven variables - two necessary conditions and five intensity 
conditions. The descriptions of the companies that were present on the Chalmers Ventures website are used. A 
downside of these descriptions is that they are fairly short and straight-forward. This made the coding of the start-
ups more challenging. Although the descriptions were short, we managed to get quite similar results. During the 
discussion, it became clear that the variable of quality of life will only be coded 1 when the start-up has a direct 
effect on the quality of life of people. As incorporating the indirect effect of quality of life in this variable, would 
be a great source of interpretation and subjectivity. Which would make it hard to replicate the coding. 
Additionally, it became clear in the discussion that the definition of technology is way broader than many people 
have in mind. Therefore, before coding, it is important that you have a good understanding of what technology 
actually entails. This allows for a more accurate replication when using the algorithm.  
 
(3) Based on our first two robustness tests, we decided that for this test, the dataset of start-ups in Gothenburg is 
used. Coding this dataset was more challenging because of the shorter descriptions of the start-ups. Therefore, it 
would be more useful to test our coding scheme after the changes using this dataset. We used twelve start-ups to 
check our coding. The results we individually obtained were again similar, with only a few discrepancies. This 
means that the coding scheme is replicable. When discussing the results, we agreed that to be able to code the 
variable technology as 1, new academic knowledge or R&D should be put forward by this start-up. We 
acknowledge that this makes technology time-dependent. This can create a bias. However, it will be the most 
reliable way of coding technology, since it is most closely to the definition. This means that the technology should 
be based on new knowledge, or academic research. Besides that, it was challenging to code the variable ICT. It is 
a broad concept, and we agreed that it should be able to collect, store, use and send or share data electronically 
(ICT, n.d.). Another discussion we had was about the variable economy. After the test, we decided that economics 
entails both the direct effect on the start-up itself, for example cost reduction, but also the indirect effect on the 
customers of the start-up. These customers can be businesses or consumers, so it is valid for both B2B and B2C 
start-ups. As mentioned in the previous results of the robustness test, we decided to code the variable quality of 
life as 1 when the effect of the start-up is directly on the quality of life. Since it is more challenging to code the 
indirect effect on quality of life then the indirect effect on the economic component, we decided to not include 
this. The indirect effect on the quality of life is more prone to interpretation, this would limit the replicability of 
our coding scheme. Another thing we decided is that we are only able to code the variable citizens as a 1 when 
we are able to code the variable city as 1. Because, these two variables are connected to each other. Lastly, we 
agreed that when there are terms or concepts in the definition, which we are not familiar with, we are allowed to 
look up the definition. One example was the word ‘biopharmaceuticals’ which was present in one of the 
descriptions of the start-ups. When discussing our results, we all were not certain about the definition of this. 
Therefore, we searched for this definition. This made it easier to code this start-up. Being able to search for terms 
or concepts that are unclear, makes sure the coding is done correctly according to what the start-up really entails.  
 
4. Results 
Based on the keywords and the percentages of how many times they were present, unweighted and weighted with 
the number of citations, we identified two necessary conditions and various intensity conditions. With the use of 
robustness tests, we changed our first results into our final coding scheme. First, the necessary conditions that are 
needed for a start-up to be defined as a smart city start-up. The necessary conditions are “technology” and “city”. 
We defined these themes a follows: 
Technology. Defined as “the use of scientific knowledge or processes in business, industry and manufacturing” 
(Cambridge dictionary, 2020). Technology is the umbrella term for various terms that can be present for a smart 
city start-up. Some examples of these keywords included in the theme technology are “database”, “solution”, 
“operating system”, “sensors” and “algorithm”.  
City. The city is defined as an urban challenge and “it outlines how the humanitarian community is adapting to 
address the challenges posed by urban areas” (Knox et al., 2012). Defined as an urban challenge, this means that 
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a start-up needs to be working on or creating a solution or service for an urban challenge, to conform to this 
necessary condition. Some keywords that are included in the term “city”, are “urban challenges”, “territory”, and 
“geographical area”. 
Additionally, we added various intensity conditions. As a start-up complies to one or more of the intensity 
conditions of being a smart city start-up their intensity rating enhances. Ultimately, we defined five intensity 
conditions, namely ICT, citizen, environmental sustainability, quality of life and economic. 
 
ICT. It stands for Information and Communication Technology and is defined as “the use of computers and other 
electronic equipment and systems to collect, store, use, and send or share data electronically” (ICT, n.d.). These 
technological tools and resources include computers, the Internet (websites, blogs, and emails), live broadcasting 
technologies (radio, television, and webcasting), recorded broadcasting technologies (podcasting, audio and video 
players and storage devices) and telephony (fixed or mobile, satellite, visio/video-conferencing, etc.)” as well as 
computer software and hardware (Unesco, 2020). Some examples that are included in the term “community” and 
“platform”. 
Important note: as “ICT” is coded as 1, “Technology” also has to be coded as 1, since “ICT” is a part of 
“Technology”.  
Citizen. This theme includes the keywords citizen, inhabitant and people. The implications a smart city has the 
need to result in practices that are beneficial in any way for its inhabitants and should improve their trust in urban 
institutions (Dameri, 2013). Thus, they are the beneficiaries of the solutions that a smart city offers.  
Important note:  "Citizen" is a condition that can only exist if “City” is coded as 1, thus also fulfilled. 
Environmental sustainability. This is defined according to the definition of Gleeson and Low (2000) and 
Inoguchi et al. (1999) where environmental sustainability refers to the ecological and ‘green’ implications of 
urban growth and development. Some examples that are included in the term “energy”, “renewable”, “reduce 
waste”, “reduce emissions”, “bio” and “LED”. 
Quality of Life. Everything that has to do with the improvement of life and wellbeing and making the environment 
more habitable and livable for its inhabitants was therefore put under this theme. Economic prosperity is also key 
to improving the quality of life (Hollands, 2008). The quality of life needs to be improved directly by the product 
or service offered by the start-up. Some examples that are included in the term “help”, “health”, “simplifies 
everyday life” and “medical solution”. 
Economic. Economy is defined as the activities of production and consumption of limited resources. This theme, 
therefore, includes the tackling of economic challenges by using cost reductive, optimization techniques in a 
sustainable way. These optimization processes in terms of costs should be beneficial for its consumers, in other 
words, businesses that buy their product or service. Some examples that are included in the term “cost saving”, 
“cheaper”, “loss reduction”, “cost efficient” and “low cost”. 
 
In Table 4 the necessary and intensity conditions are displayed, with the keywords included in each theme. For 
each condition, start-ups are coded a 0 or 1. After the coding, a formula (1) is used to calculate whether the start-
up is a smart city start-up and what the intensity is. Within the formula, all the intensity conditions are equally 
weighted. The following formula is used: 
 

SCI = (technology*city)*(1+ICT +citizen+environmental sustainability+quality of life+economic)   
         
NC(x) = 0 if not; NC(x) = 1 if yes 
IC(x) = 0 if not; IC(x) = 1 if yes 
 
Based on formula (1), start-ups are granted a score between 0 and 6, with the following meaning per score: 
0 = At least one of the NCs is = 0 
1 = All the NCs, none of the ICs 
2 = NCs + (ICT or citizens or environmental sustainability or quality of life or economic) 
3 = NCs + MAX 2 (ICT and/or citizens and/or environmental sustainability and/or quality of life and/or economic) 
4 = NCs + MAX 3 (ICT and/or citizens and/or environmental sustainability and/or quality of life and/or economic) 
5 = NCs + MAX 4 (ICT and/or citizens and/or environmental sustainability and/or quality of life and/or economic) 
6 = NCs + MAX 5 (ICT and/or citizens and/or environmental sustainability and/or quality of life and/or economic) 
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Table 4: Final SCI 

Conditions Themes Keywords included 
Necessary conditions Technology Technology, data, sensors, 

activators, internet, ICT, IT, 
database, algorithm, grid, digital, 
solar panels, smart meters, WIFI, 
software, hardware, smart 
devices) 

City City, urban, urban challenges, 
territory, place, geographical area 

Intensity conditions ICT ICT 
Citizen Citizen, inhabitants, people 
Environmental sustainability Sustainability, green, 

environmental, ecological 
Quality of Life Quality of life, liveability, 

prosperity, habitable, well-being 
Economic Economic 

 
5. Discussion  
The aim of this paper was to develop a classification scheme for smart city startups based on 73 definitions found 
in the literature. In the literature, there is no common definition of the concept smart city, even though there is a 
growing interest in the concept. Various terms are used interchangeably with the term “smart city” in the literature, 
such as digital city or intelligent city (Tan, 1999; Krisna Adiyarta, 2020; Sun & Poole, 2010; Ismagilova et al., 
2019; Fietkiewicx et al., 2017; Sproull & Patterson, 2004; Stolfi & Sussman, 2001). However, these terms are not 
identical to the concept of smart city. The definitions of smart cities are based on different themes, elements and 
dimensions (Giffinger et al., 2007: Winkowska, Szpilko, & Pejić, 2019; Silva, Khan & Han, 2018). These various 
elements were used in creating the coding scheme. Following the method of Eckinger and Sanders (2019), we 
listed the main keywords present in each definition of smart city. Based on these keywords, we identified the most 
recurring keywords and overarching themes. Based on these results, we developed an index with necessary 
conditions for “smart city” and intensity conditions for  “smart city”. Ultimately, the results consisted of two 
necessary conditions - “technology” and “city” - and five intensity conditions - “ICT”, “citizen”, “environmental 
sustainability”, “quality of life” and “economic”. After each step, robustness tests were carried out to test the 
results of the coding scheme. Based on these tests, various changes were made along the way, finally resulting in 
the classification scheme stated above. There are some limitations to the paper. First, when it comes to the themes, 
we defined them in a way that makes sense today. However, the concept of smart city is constantly evolving, 
therefore making the scheme subject to different interpretations over time. Secondly, the term quality of life, 
which is essential when talking about smart cities, can be interpreted differently by different parties coding it. We 
attempted to make the definition as clear as possible, however, noticed for this theme it remained difficult. Finally, 
the paper lacks in certain more systematic robustness scores. These will be carried out later. Overall, with this 
paper, we tried to clarify the meaning of the concept smart city and find a way to code projects as smart and non-
smart city endeavours. We hope it can be useful for this purpose and more, such as research in other fields than 
start-ups. 
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Appendix B: Overview of definitions in the existing literature 

Author(s) 
Year of 

Publicati
on 

Times 
cited 

(total) 

Times 
cited 
(per 
year) 

Title Journal/ Other Definition of smart 
city 

Keywords in 
definition 

Caragliu, 
Del Bo, & 
Nijkamp 
(2011) 

2011 3325 332.50 Smart Cities in 
Europe 

Journal of Urban 
Technology 

A city is smart when 
investments in human 
and social capital and 
traditional (transport) 
and modern (ICT) 
communication 
infrastructure fuel 
sustainable economic 
growth and a high 
quality of life, with a 
wise management of 
natural resources, 
through participatory 
governance 

Human capital, 
social capital, 
investment, modern, 
ICT, sustainable, 
economic, growth, 
quality of life, 
resource 
management, 
governance, city, 
transport 

Townsend 
(2013) 

2013 1617 202.13 Smart cities—
big data, civic 
hackers and the 
quest for a New 
Utopia 

Book Smart cities are places 
where information 
technology is 
combined with 
infrastructure, 
architecture, everyday 
objects, and even our 
own bodies to address 
social, economic and 
environmental 
problems 

IT, infrastructure, 
social wealth, place, 
social, economic, 
environmental 

Neirotti et 
al. (2014) 

2014 1381 197.29 Current trends 
in smart city 
initiatives–some 
stylised facts 

Cities Smart cities are 
characterized by a 
pervasive use of 
Information and 
Communication 
Technologies (ICT), 
which, in various 
urban domains, help 
cities make better use 
of their resources 

ICT, urban, resource 
management 

Hollands 
(2008) 

2008 2439 187.62 Will the real 
smart city 
please stand up? 

City: analysis of 
urban trends, 
culture, theory, 
policy, action 

Smart city as (1) a 
celebratory label, (2) a 
marketing hype rather 
than a practical engine 
for infrastructural 
change, and (3) a 
loaded term carrying 
an uncritical, pro-
development stance. 
For the author serious 
smart city projects 
consider human capital 
as the most important 
component. 

City, monitoring, 
integration, 
optimization, 
resource 
management, 
maintenance, 
security, citizen, 
services, 
infrastructure, 
energy 

Backici et 
al. (2012) 

2012 727 80.78 A Smart City 
initiative: The 
Case of 
Barcelona 

Journal of the 
Knowledge 
Economy 

Smart city as a high-
tech intensive and 
advanced city that 
connects people, 
information and city 
elements using new 
technologies in order 
to create a sustainable, 
greener city, 
competitive and 
innovative commerce, 
and an increased life 
quality. 

Technology, social, 
city, information, 
sustainable, green, 
innovation, 
competition, quality 
of life, business 

Harrison et 
al. (2010) 

2010 861 78.27 Foundations for 
Smarter Cities 

IBM Journal of 
Research and 
Development 

A city connecting the 
physical infrastructure, 
the IT infrastructure, 
the social 
infrastructure, and the 
business infrastructure 
to leverage the 

City, IT, social, 
infrastructure, 
intelligence, 
business 
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collective intelligence 
of the city 

Lombardi 
et al. 
(2012) 

2012 650 72.22 Modelling the 
Smart City 
Performance 

Innovation: The 
European Journal 
of Social Science 
Research 

The application of 
information and 
communications 
technology (ICT) with 
their effects on human 
capital/education, 
social and relational 
capital, and 
environmental issues 
is often indicated by 
the notion of smart 
city. 

ICT, education, 
human capital, 
social capital, 
relational capital, 
environmental 

Lee, 
Hancock, 
& Hu 
(2014) 

2014 500 71.43 Towards an 
effective 
framework for 
building smart 
cities: Lessons 
from Seoul and 
San Francisco 

Technological 
Forecasting and 
Social Change 

A smart city aims to 
resolve various urban 
problems (public 
service unavailability 
or shortages, traffic, 
over-development, 
pressure on land, 
environmental or 
sanitation 
shortcomings and 
other forms of 
inequality) through 
ICT-based technology 
connected up as an 
urban infrastructure. 
The ultimate goal is to 
revitalize some of the 
city's structural 
(environmental and 
social) imbalances 
through the efficient 
redirection of 
information. Smart 
cities are envisioned as 
creating a better, more 
sustainable city, in 
which people's quality 
of life is higher, their 
environment more 
liveable and their 
economic prospects 
stronger. 

Solutions, 
environmental, 
inequality, ICT, 
infrastructure, 
efficiency, 
sustainable, city, 
quality of life, 
liveability, 
economic, social, 
information 

Washburn 
& Sindhu 
(2010) 

2010 683 62.09 Helping CIOs 
Understand 
"smart City" 
Initiatives: 
Defining the 
Smart City, Its 
Drivers, and the 
Role of the CIO 

Cambridge, MA: 
Forrester 
Research, Inc. 

The use of smart 
computing 
technologies to make 
the critical 
infrastructure 
components and 
services of a city- 
which include city 
administration, 
education, healthcare, 
public safety, real 
estate, transportation, 
and utilities - more 
intelligent, 
interconnected and 
efficient 

Technology, 
infrastructure, 
services 
(administration, 
education, 
healthcare, public 
safety, real estate, 
transportation, 
utilities), 
intelligence, 
interconnected, 
efficiency 

Gretzel et 
al. (2015, p. 
559) 

2015 343 57.17 Conceptual 
foundations for 
understanding 
smart tourism 
ecosystems 

Computers in 
Human Behavior 

A smart city is a city 
that uses advanced 
ICT to optimize 
resource production 
and consumption 

ICT, resource 
management 

Zygiaris 
(2013) 

2013 451 56.38 Smart City 
Reference 
Model: 
Assisting 
Planners to 
Conceptualize 
the Building of 
Smart City 

Journal of the 
Knowledge 
Economy 

The term “smart city” 
is understood as a 
certain intellectual 
ability that addresses 
several innovative 
socio-technical and 
socio-economic 
aspects of growth. 

Intelligence, 
innovation, 
technology, 
economic, growth, 
green, infrastructure, 
environment, 
interconnected, 
intelligence, 
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Innovation 
Ecosystems 

These aspects lead to 
smart city conceptions 
as “green” referring to 
urban infrastructure 
for environment 
protection and 
reduction of CO2 
emission, 
“interconnected” 
related to revolution of 
broadband economy, 
“intelligent” declaring 
the capacity to 
produce added value 
information from the 
processing of city’s 
real-time data from 
sensors and activators, 
whereas the terms 
“innovating”, 
“knowledge” cities 
interchangeably refer 
to the city’s ability to 
raise innovation based 
on knowledgeable and 
creative human capital 

information, data, 
sensors, activators, 
knowledge, creative, 
human capital, city 

Lazaroiu & 
Roscia 
(2012) 

2012 462 51.33 Definition 
Methodology 
for the Smart 
Cities Model 

Energy A community of 
average technology 
size, interconnected 
and sustainable, 
comfortable, attractive 
and secure. 

Community, 
technology, 
sustainable, 
interconnected, 
comfortable, 
attractive, security 

Antopoulos 
et al. 
(2019) 

2019 101 50.50 A Unified 
Smart City 
Model (USCM) 
for smart city 
conceptualizatio
n and 
benchmarking 

Smart Cities and 
Smart Spaces: 
Concepts, 
Methodologies, 
Tools, and 
Applications 

All means of 
innovations in the 
urban atmosphere 
(ICT-based, yet not 
necessarily) that 
purpose to improve the 
city dimensions 
including economy, 
people, government, 
mobility, environment 
and living 

Innovation, urban, 
ICT, economy, 
people, government, 
mobility, 
environment, quality 
of life 

Dameri 
(2013) 

2013 360 45.00 Searching for 
smart city 
definition: A 
comprehensive 
proposal 

International 
Journal of 
Computer 
Technology 

A Smart City is a well-
defined geographical 
area, in which high 
technologies such as 
ICT, logistic, energy 
production, and so on, 
cooperate to create 
benefits for citizens in 
terms of well-being, 
inclusion and 
participation, 
environmental quality, 
intelligent 
development; it is 
governed by a well-
defined pool of 
subjects, able to state 
the rules and policy for 
the city government 
and development” 

Geographical area, 
technology, energy, 
well-being, citizen, 
inclusion, 
participation, 
environmental, 
intelligence, 
development, rules, 
policy, governance, 
ICT, logistics 

Marsal-
Llacuna et 
al. (2015) 

2015 258 43.00 Lessons in 
urban 
monitoring 
taken from 
sustainable and 
livable cities to 
better address 
the Smart City 
initiative 

Technological 
Forecasting and 
Social Change 

Smart Cities initiatives 
try to improve urban 
performance by using 
data, information and 
information 
technologies (IT) to 
provide more efficient 
services to citizens, to 
monitor and optimize 
existing infrastructure, 
to increase 
collaboration among 

Urban, data, 
services, citizens, 
efficient, innovation, 
IT, monitoring, 
optimization, 
infrastructure, 
collaboration, 
economic, 
governance, 
performance, 
information 
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different economic 
actors, and to 
encourage innovative 
business models in 
both the private and 
public sectors. 

Piro et al. 
(2014, p. 
169) 

2014 291 41.57 Information 
centric services 
in smart cities 

Journal of 
Systems and 
Software 

A smart city is 
intended as an urban 
environment which, 
supported by pervasive 
ICT systems, is able to 
offer advanced and 
innovative services to 
citizens in order to 
improve the overall 
quality of their life. 

ICT, innovation, 
social, quality of 
life, urban, citizens, 
services 

Hernandez-
Munoz et 
al. (2011) 

2011 409 40.90 Smart cities at 
the forefront of 
the future 
internet 

The future internet 
assembly 

A city that represents 
an extraordinary rich 
ecosystem to promote 
the generation of 
massive deployments 
of city-scale 
applications and 
services for a large 
number of activity 
sectors 

City, ecosystem, 
services 

Khatoun & 
Zeadally 
(2016, p. 
46) 

2016 202 40.40 Smart cities: 
Concepts, 
architectures, 
research 
opportunities 

Communications 
of the ACM 

A smart city is an 
ultra-modern urban 
area that addresses the 
needs of businesses, 
institutions and 
especially citizens 

Urban, business, 
institutions, citizens, 
modern 

van Zoonen 
(2016, p. 
472) 

2016 164 32.80 Privacy 
concerns in 
smart cities 

Government 
Information 
Quarterly 

In a smart city, ICT-
infused infrastructures 
enable the extensive 
monitoring and 
steering of city 
maintenance, mobility, 
air and water quality, 
energy usage, visitor 
movements, 
neighbourhood 
sentiment, and so on. 

ICT, monitoring, 
resource 
management, 
transportation, city, 
mobility, energy, 
maintenance, 
community 

Winters 
(2011) 

2011 310 31.00 Why are smart 
cities growing? 
Who moves and 
who stays 

Journal of 
Regional Science 

I consider “smart 
cities” to be 
metropolitan areas 
with a large share of 
the adult population 
with a college degree 

Urban, citizens, high 
education 

Gil-Garcia, 
Zhang, & 
Puron-Cid 
(2016) 

2016 153 30.60 Conceptualizing 
smartness in 
government: An 
integrative and 
multi-
dimensional 
view 

Government 
Information 
Quarterly 

A city is smart when 
there are actions taken 
towards innovation in 
management, 
technology, and 
policy, all of which 
entail risks and 
opportunities 

Innovation, 
management, 
technology, policy, 
opportunities, risks, 
city 

Toppeta 
(2010) 

2010 318 28.91 How innovation 
and ICT can 
build smart, 
“livable”, 
sustainable 
cities 

Innovation 
Knowledge 
Foundation 

A city “combining 
ICT and Web 2.0 
technology with other 
organizational, design 
and planning efforts to 
dematerialize and 
speed up bureaucratic 
processes and help to 
identify new, 
innovative solutions to 
city management 
complexity, in order to 
improve sustainability 
and liveability 

ICT, technology, 
design, planning, 
governance, 
innovation, 
solutions, 
sustainability, 
liability, efficiency, 
management, city, 
organization 

Schuurman 
et al. (2012, 
p. 51) 

2012 243 27.00 Smart ideas for 
smart cities: 
Investigating 
crowdsourcing 

Journal of 
Theoretical and 
Applied 
Electronic 

In smart cities 
collaborative digital 
environments facilitate 
the development of 

Innovation, 
improvement, 
development, 
collaboration, 
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for generating 
and selecting 
ideas for ICT 
innovation in a 
city context 

Commerce 
Research 

innovative 
applications, starting 
form the human 
capital of the city, 
rather than believing 
that the 
digitalization in se can 
transform can improve 
cities. 

human capital, city, 
digital 

Kourtit et 
al. (2012) 

2012 240 26.67 Smart Cities in 
Perspective - a 
Comparative 
European Study 
by Means of 
Self-organizing 
Maps 

Innovation: The 
European Journal 
of Social Science 
Research 

Smart cities have high 
productivity as they 
have a relatively high 
share of highly 
educated people, 
knowledge-intensive 
jobs, output-oriented 
planning systems, 
creative activities and 
sustainability-oriented 
initiatives. 

Productivity, 
education, (skilled) 
job, creativity, 
sustainability, 
planning, systems, 
activities 

Huovila et 
al. (2019) 

2019 51 25.50 Comparative 
analysis of 
standardized 
indicators for 
Smart 
sustainable 
cities: What 
indicators and 
standards to use 
and when? 

Cities An innovative city that 
uses information and 
communication 
technologies (ICTs) 
and other means to 
improve quality of life, 
efficiency of urban 
operation and services, 
and competitiveness, 
while ensuring that it 
meets the needs of 
present and future 
generations with 
respect to economic, 
social, environmental 
as well as cultural 
aspects 

Innovation, city, 
ICT, quality of life, 
efficiency, services, 
competition, 
economic, social, 
environmental, 
cultural, sustainable 

Hall et al. 
(2000) 

2000 533 25.38 The vision of a 
smart city 

2nd International 
Life Extension 
Technology 
Workshop (Paris) 

An urban centre of the 
future, made safe, 
secure 
environmentally green, 
and efficient because 
all structures–whether 
for power, water, 
transportation, etc. are 
designed, constructed, 
and maintained 
making use of 
advanced, integrated 
materials, sensors, 
electronics, and 
networks which are 
interfaced with 
computerized systems 
comprised of 
databases, tracking, 
and decision-making 
algorithms 

Urban, green, 
efficiency, 
integration, 
interface, ICT, 
algorithms, safety, 
security, 
transportation, 
energy, water, 
design, sensors, 
networks, 
technology, database 

Lee & Lee 
(2014, p. 
93) 

2014 175 25.00 Developing and 
Validating a 
citizen-centric 
typology for 
smart city 
services 

Government 
Information 
Quarterly 

A city which develops 
and manages a variety 
of innovative services 
that provide 
information to all 
citizens about all 
aspects of city life via 
interactive and 
internet-based 
applications 

City, innovation, 
information, 
services, ICT, 
technology, citizens, 
internet, liveability 

Belissent 
(2010) 

2010 266 24.18 Getting clever 
about smart 
cities: New 
opportunities 
require new 
business models 

Cambridge: 
Forrester 

A city that uses ICTs 
to make the critical 
infrastructure 
components and 
services of a city–
administration, 
education, healthcare, 

ICT, infrastructure, 
services 
(administration, 
education, 
healthcare, public 
safety, real estate, 
transportation, 
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public safety, real 
estate, transportation, 
and utilities–more 
aware, interactive, and 
efficient 

utilities), interaction, 
efficiency 

Pereira et 
al. (2017, p. 
528) 

2017 88 22.00 Delivering 
public value 
through open 
government 
data initiatives 
in a smart city 
context. 

Information 
Systems Frontiers 

A smart city 
encompass an 
efficient, 
technologically 
advanced, sustainable 
and socially inclusive 
city 

Efficient, 
technology, 
sustainable, social, 
inclusion, city 

Zhuhadar et 
al. (2017, p. 
274) 

2017 86 21.50 The next wave 
of innovation- 
Review of smart 
cities intelligent 
operation 
systems. 

Computers in 
Human Behavior 

Those cities that have 
the greatest quality of 
life and economic 
wellbeing for their 
citizens 

Quality of life, 
economic, well-
being, citizens, city 

Paskaleva 
(2009) 

2009 257 21.42 Enabling the 
smart city: The 
progress of city 
e-governance in 
Europe 

International 
Journal of 
Innovation and 
Regional 
Development 

A city that takes 
advantages of the 
opportunities offered 
by ICT in increasing 
local prosperity and 
competitiveness–an 
approach that implies 
integrated urban 
development involving 
multi-actor, multi-
sector and multi-level 
perspectives 

ICT, development, 
competition, 
opportunities, 
collaboration, city, 
prosperity 

Komninos 
(2011) 

2011 214 21.40 Intelligent 
Cities: Variable 
Geometries of 
Spatial 
Intelligence 

Intelligent 
Buildings 
International 

(Smart) cities as 
territories with high 
capacity for learning 
and innovation, which 
is built-in the 
creativity of their 
population, their 
institutions of 
knowledge creation, 
and their digital 
infrastructure for 
communication and 
knowledge 
management. 

Territories, learning, 
innovation, 
creativity, 
knowledge, digital, 
citizens, ICT 

Kourtit & 
Nijkamp 
(2012) 

2012 187 20.78 Smart Cities in 
the Innovation 
Age 

Innovation: The 
European Journal 
of Social Science 
Research 

Smart cities are the 
result of knowledge-
intensive and creative 
strategies aiming at 
enhancing the socio-
economic, ecological, 
logistic and 
competitive 
performance of cities. 
Such smart cities are 
based on a promising 
mix of human capital 
(e.g. skilled labor 
force), infrastructural 
capital (e.g. high-tech 
communication 
facilities), social 
capital (e.g. intense 
and open network 
linkages) and 
entrepreneurial capital 
(e.g. creative and risk-
taking business 
activities). 

City, economic, 
ecological, logistic 
and competitive 
performance, human 
capital, social 
capital, 
entrepreneurship, 
creativity, 
knowledge, 
infrastructure, 
business 

Odendaal 
(2003) 

2003 366 20.33 Information and 
communication 
technology and 
local 
governance: 
understanding 
the difference 

Computers, 
Environment and 
Urban Systems 

A city that capitalises 
on the opportunities 
presented by ICTs in 
promoting its 
prosperity and 
influence. 

City, opportunities, 
ICT, capitalization, 
prosperity 
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between cities 
in developed 
and emerging 
economies 

Xie et al. 
(2019) 

2019 37 18.50 A Survey of 
Blockchain 
Technology 
Applies to 
Smart Cities: 
Research Issues 
and Challenges 

IEEE 
Communications 
Surveys and 
Tutorials 

Upgraded quality of 
life, sustainable urban 
environment, use of 
advanced ICT, public 
government openness, 
encouraged 
community 
participation, effective 
management of traffic 
and public transport, 
intelligent device 
control, optimum 
resource utilization, 
improved 
environmental 
protection, and 
improved public 
services 

Quality of life, 
sustainable, urban, 
ICT, governance, 
community, 
participation, 
efficiency, transport, 
resource 
management, 
environmental, 
public services 

Lara et al. 
(2016) 

2016 92 18.40 Smartness that 
matters: 
Towards a 
comprehensive 
and human-
centred 
characterisation 
of smart cities 

Journal of Open 
Innovation: 
Technology, 
Market, and 
Complexity 

A community that 
systematically 
promotes the overall 
wellbeing for all of its 
members, and flexible 
enough to proactively 
and sustainably 
become an 
increasingly better 
place to live, work and 
play 

Community, well-
being, liveability, 
sustainability, 
proactive, citizens, 
flexibility, quality of 
life 

Yeh (2017, 
p. 556) 

2017 72 18.00 The effects of 
successful ICT-
based smart city 
services: From 
citizens' 
perspectives 

Government 
Information 
Quarterly 

A general definition 
involves the 
implementation and 
deployment of 
information and 
communication 
technology (ICT) 
infrastructures to 
support social and 
urban growth through 
improving the 
economy, citizens' 
involvement and 
government efficiency 

ICT, social, growth, 
urban, economy, 
efficiency, citizen 
(involvement), 
government 

Hussain et 
al. (2015, p. 
253) 

2015 107 17.83 Health and 
emergency-care 
platform for the 
elderly and 
disabled people 
in the smart city 

Journal of 
Systems and 
Software 

The smart cities are 
using digital 
technologies to 
enhance the quality 
and performance of 
urban services 

Digital, technology, 
quality, 
performance, urban, 
services 

Ygitcanlar 
(2015) 

2015 100 16.67 Smart cities: an 
effective urban 
development 
and 
management 
model? 

Australian Planner A city in which the 
traditional services and 
networks based on 
digital technologies 
are made more 
efficient for the benefit 
of its businesses, 
services, and 
inhabitants 

City, technology, 
digital, efficiency, 
businesses, services, 
networks, 
inhabitants 

Gascó-
Hernandez 
(2018, p. 
50) 

2018 45 15.00 Building a 
smart city: 
lessons from 
Barcelona 

Communications 
of the ACM 

A smart city is an 
umbrella term of how 
information and 
communication 
technology can help 
improve the efficiency 
of a city's operations 
and its citizens' quality 
of life while also 
promoting the local 
economy 

ICT, efficiency, 
improvement of 
operations, quality 
of life, citizens, city 
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Barrionuev
o, Berrone, 
& Ricart 
(2012) 

2012 134 14.89 Smart Cities, 
Sustainable 
Progress 

IESE Insight Being a smart city 
means using all 
available technology 
and resources in an 
intelligent and 
coordinated manner to 
develop urban centers 
that are at once 
integrated, habitable, 
and sustainable. 

Technology, 
resource 
management, 
intelligence, 
coordination, urban, 
integration, 
sustainable, 
habitable 

Ygitcanlar 
(2016) 

2016 73 14.60 Technology and 
the city: 
Systems, 
applications and 
implications 

New York: 
Routledge 

An ideal form to build 
the sustainable cities 
of the 21st century, in 
the case that a 
balanced and 
sustainable view on 
economic, societal, 
environmental and 
institutional 
development is 
realised. 

City, sustainable, 
economic, societal, 
environmental, 
institutional, 
development 

Mahizhnan 
(1999) 

1999 313 14.23 Smart cities: 
The Singapore 
case 

Cities Information 
technologies represent 
the key concept. The 
vision of an intelligent 
city is not confined to 
economic excellence 
that can be led by 
information 
technologies, but an 
integral part of this 
vision is its concern 
for the quality of life 
for the ordinary 
citizen. 

IT, quality of life, 
economic, citizen, 
city 

Chatterjee, 
Kar, & 
Gupta 
(2018) 

2018 38 12.67 Success of IoT 
in Smart Cities 
of 2018 Journal 
India: An 
empirical 
analysis 

Government 
Information 
Quarterly 

Smart Cities where the 
citizens are expected 
to use Information and 
Communication 
Technology with the 
help of internet. 

ICT, citizen, internet 

Rana et al. 
(2018, p. 1) 

2018 37 12.33 Barriers to the 
development of 
smart cities in 
Indian context 

Information 
Systems Frontiers 

Smart cities can be 
defined as a 
technologically 
advanced and 
modernised territory 
with a certain 
intellectual ability that 
deals with various 
social, technical, 
economic aspects of 
growth based on smart 
computing techniques 
to develop superior 
infrastructure 
constituents and 
services 

Technological, 
intelligence, social, 
technical, economic, 
infrastructure, 
modern, services, 
growth, territory 

Komninos 
et al. 
(2015) 

2015 72 12.00 Smart city 
ontologies: 
Improving the 
effectiveness of 
smart city 
applications 

URENIO 
Research 

Smart cities are 
created by a 
convergence of top-
down and bottom-up 
processes, wherein 
market forces and 
strategic planning 
come together to build 
broadband networks, 
urban operational 
systems, embedded 
systems, and software, 
all of which change 
the functioning and 
life in cities. 

Top-down, bottom-
up, planning, 
network, 
operational, 
systems, software, 
quality of life, city 

Giffinger et 
al. (2007) 

2007 148 10.57 Smart cities: 
ranking of 
European 

Vienna: Centre of 
Regional Science 
- Vienna UT 

A city well performing 
in a forward-looking 
way in economy, 

Economy, people, 
governance, 
mobility, 
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medium-sized 
cities 

people, governance, 
mobility, environment, 
and living, built on the 
smart combination of 
endowments and 
activities of self-
decisive, independent 
and aware citizens 

environment, 
liveability, awarenes
s, citizens, activities, 
self-decisive, city 

Thite 
(2011) 

2011 105 10.50 Smart Cities: 
Implications of 
Urban Planning 
for Human 
Resource 
Development 

Human Resource 
Development 
International 

Creative or smart city 
experiments [ . . . ] 
aimed at nurturing a 
creative economy 
through investment in 
quality of life which in 
turn attracts 
knowledge workers to 
live and work in smart 
cities. The nexus of 
competitive advantage 
has [ . . . ] shifted to 
those regions that can 
generate, retain, and 
attract the best talent. 

Creativity, 
economic, quality of 
life, liveability, 
competitive 
advantage, talent 
acquirement, 
knowledge 

Cretu 
(2012) 

2012 84 9.33 Smart Cities 
Design Using 
Event-driven 
Paradigm and 
Semantic Web 

Informatica 
Economica 

A smart city has well 
designed ICT 
infrastructure, 
transforms real time 
data into meaningful 
information, a smart 
city allows inhabitants 
to predefine automated 
actions in response to 
events 

ICT, data, 
information, 
inhabitants, 
automation, events 

Eger (2009) 2009 110 9.17 Smart growth, 
smart cities, and 
the crisis at the 
pump a 
worldwide 
phenomenon 

The Journal of E-
Government 
Policy and 
Regulation 

A particular idea of 
local community, one 
where city 
governments, 
enterprises and 
residents use ICTs to 
reinvent and reinforce 
the community's role 
in the new service 
economy, create jobs 
locally and improve 
the quality of 
community life 

Community, 
governance, 
technology, 
liveability, 
productivity, ICT, 
quality of life, city, 
businesses, 
inhabitant, economy 

Bartoli et 
al. (2011) 

2011 85 8.50 Security and 
privacy in your 
smart city 

Proceedings of the 
Barcelona smart 
cities congress 

The main topics are 
SCs are related to of 
their smart inhabitants, 
quality of social 
interaction, 
educational degree, 
integration with public 
life, as well as 
openness to the wider 
world. 

Inhabitants, social, 
education, 
integration, 
openness 

Peng, 
Nunes & 
Zheng 
(2017) 

2017 32 8.00 Impacts of low 
citizen 
awareness and 
usage in smart 
city services: 
the case of 
London's smart 
parking system 

Information 
Systems and e-
Business 
Management 

Smart cities are 
essentially built by 
utilising a set of 
advanced information 
and communication 
technologies (ICT), 
including smart 
hardware devices (e.g. 
wireless sensors, smart 
meters, smart vehicles, 
and smartphones), 
mobile networks (e.g. 
WIF, 3G/4G/5G 
network), data storage 
technologies (e.g. data 
warehouse, cloud 
platform), and 
software applications 
(e.g. back-office 

ICT, data, network, 
technology, 
software, hardware, 
devices 
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control systems, 
mobile apps, big data 
analytical tools) 

Chen 
(2010) 

2010 88 8.00 Smart Grids, 
Smart Cities 
Need Better 
Networks 

IEEE Network Smart cities will take 
advantage of 
communications and 
sensor capabilities 
sewn into the cities’ 
infrastructures to 
optimize electrical, 
transportation, and 
other logistical 
operations supporting 
daily life, thereby 
improving the quality 
of life for everyone 

Communications, 
sensors, 
infrastructure, 
optimization, 
electricity, 
transportation, 
logistics, quality of 
life 

Corbett and 
Mellouli 
(2017, p. 
428) 

2017 31 7.75 Winning the 
SDG battle in 
cities: How an 
integrated 
information 
ecosystem can 
contribute to the 
achievement of 
the 2030 
sustainable 
development 
goals 

Information 
Systems Journal 

Smart cities seek to 
leverage advanced 
communication 
technologies and IS 
(information systems) 
in order to improve all 
areas of city 
administration, 
enhance citizens' 
quality of life, engage 
citizens and provide 
more sustainable and 
resilient public 
services 

ICT, city, 
administration, 
quality of life, 
citizen 
(engagement), 
sustainable, services 

Thuzar 
(2011) 

2011 77 7.70 Urbanization in 
SouthEast Asia: 
developing 
smart cities for 
the future? 

Regional Outlook Smart cities of the 
future will need 
sustainable urban 
development policies 
where all residents, 
including the poor, can 
live well and the 
attraction of the towns 
and cities is preserved. 
[…] Smart cities are 
[…] cities that have a 
high quality of life; 
those that pursue 
sustainable economic 
development through 
investments in human 
and social capital, and 
traditional and modern 
communications 
infrastructure 
(transport and 
information 
communication 
technology); and 
manage natural 
resources through 
participatory policies. 
Smart cities should 
also be sustainable, 
converging economic, 
social, and 
environmental goals 

Development, city, 
quality of life, 
policy, inhabitants, 
human capital, 
social capital, ICT, 
resource 
management, 
sustainable, 
economic, 
environmental, 
infrastructure, 
transport, modern 

Schiavone, 
Paolonec, 
& Mancinia 
(2019) 

2019 15 7.50 Business model 
innovation for 
2019 urban 
smartization 

Technological 
Forecasting & 
Social Change 

Smart cities are the 
result of a combination 
of investments made 
in resources (human, 
social, creative, 
infrastructural, 
technological and 
business capital) that 
encourage sustainable 
economic growth 
under the conditions of 
a strong management 
and governance 

Investments, 
resources, 
sustainable, 
economic, growth, 
governance, human 
capital, social 
capital, creativity, 
infrastructure, 
business capital, 
technology 
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system (Caragliu et al., 
2011) 

Schaffers et 
al. (2012, p. 
2) 

2012 66 7.33 Special issue on 
smart 
applications for 
smart cities - 
new approaches 
to innovation: 
Guest editors' 
introduction 

Journal of 
Theoretical and 
Applied 
Electronic 
Commerce 
Research 

The smart city is an 
urban innovation 
ecosystem, a living 
laboratory acting as 
agent of change 

Urban, innovation, 
ecosystem, 
laboratory 

Zhao 
(2011) 

2011 70 7.00 Towards 
sustainable 
cities in China: 
Analysis and 
assessment of 
some Chinese 
cities in 2008 

Berlin: Springer A city that improves 
the quality of life, 
including ecological, 
cultural, political, 
institutional, social, 
and economic 
components without 
leaving a burden on 
future generations. 

City, quality of life, 
ecological, cultural, 
political, 
institutional, social, 
economic, 
sustainable 

Heaton & 
Parkilad 
(2019) 

2019 14 7.00 A conceptual 
framework for 
the alignment of 
infrastructure 
assets to citizen 
requirements 
within a Smart 
Cities 
Framework 

Cities The concept of Smart 
City engages with 
cities' stakeholders and 
encompasses all of the 
built and natural 
environment 

City, stakeholders, 
environment 

Rios (2012) 2012 62 6.89 Creating the 
smart city 

Thesis A city that gives 
inspiration, shares 
culture, knowledge, 
and life, a city that 
motivates its 
inhabitants to create 
and flourish in their 
own lives—it is an 
admired city, a vessel 
to intelligence, but 
ultimately an incubator 
of empowered spaces 

City, culture, 
knowledge, life, 
intelligence, 
inhabitants, 
incubator 

El-
Haddadeh 
et al. (2018, 
p. 1) 

2018 20 6.67 Examining 
citizens' 
perceived value 
of internet of 
things 
technologies in 
facilitating 
public sector 
services 
engagement 

Government 
Information 
Quarterly 

Smart cities are all 
about networks of 
sensors, smart devices, 
real-time data, and 
ICT integration in 
every aspect of human 
life 

Network (of sensors, 
smart devices, real-
time data), ICT, 
citizen 

Qian et al. 
(2019) 

2019 13 6.50 The Internet of 
Things for 
Smart Cities: 
Technologies 
and 
Applications 
(Guest editorial) 

IEEE Network Human and societal 
capital investments, 
modern-day 
communication, 
infrastructure, 
sustainable economic 
growth, participatory 
governance, natural 
resources 
management, and 
advanced 
infrastructure 
(physical, modern 
ICT, social, and 
business) integration 
to sustain the city's 
collective intelligence 

ICT, 
communication, 
sustainable, 
economic, growth, 
governance, 
resource 
management, human 
capital, social 
capital, investment, 
physical 
infrastructure, 
business, 
integration, 
intelligence 

Outlook 
(2014) 

2014 43 6.14 Early Release 
Overview 

US Energy 
Information 
Administration 

A city that uses ICT to 
be more interactive, 
efficient, and making 
citizens more aware of 
what is happening in 
the city. 

City, ICT, 
interaction, 
efficiency, 
awareness, citizens 
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Calderoni, 
Maio, & 
Palmieri 
(2012, p. 
74) 

2012 55 6.11 Location-aware 
mobile services 
for a smart city: 
Design, 
implementation, 
and deployment 

Journal of 
Theoretical and 
Applied 
Electronic 
Commerce 
Research 

A smart city is high-
performance urban 
context, where citizens 
are more aware of, and 
more integrated into 
the city life, thanks to 
an intelligent city 
information system 

Performance, urban, 
citizen, awareness, 
integration, IT 

Partridge 
(2004) 

2004 96 5.65 Developing a 
human 
perspective to 
the digital 
divide in the 
smart city 

ALIA 2004 
Biennial 
Conference: 
Challenging ideas, 
Gold Coast, 
Australia 

A city that actively 
embraces new 
technologies seeking 
to be a more open 
society where 
technology makes 
easier for people to 
have their say, gain 
access to services and 
to stay in touch with 
what is happening 
around them, simply 
and cheaply 

City, technology, 
quality of life, 
services, openness 

Alkandari, 
Alnasheet, 
& 
Alshaikhli 
(2012) 

2012 48 5.33 Smart cities: a 
survey 

Journal of 
Advanced 
Computer science 
and Technology 
Research 

A city that uses a 
smart system 
characterised by the 
interaction between 
infrastructure, capital, 
behaviours and 
cultures, achieved 
through their 
integration 

Systems, interaction, 
integration, 
infrastructure, 
capital, behaviour, 
city, culture 

Heo et al. 
(2014) 

2014 35 5.00 Escaping from 
ancient Rome! 
Applications 
and challenges 
for designing 
smart cities 

Transactions on 
Emerging 
Telecommunicatio
ns Technologies 

An urban environment 
which able to improve 
the quality of citizens’ 
life by using ICT 
systems 

Urban, quality of 
life, citizens, ICT 

Chong et 
al. (2018, p. 
10) 

2018 14 4.67 Dynamic 
capabilities of a 
smart city: An 
innovative 
approach to 
discovering 
urban problems 
and solutions 

Government 
Information 
Quaterly 

Smart city is an 
integration of 
infrastructures and 
technology-mediated 
services, social 
learning for 
strengthening human 
infrastructure, and 
governance for 
institutional 
improvement and 
citizen engagement 

Integration, 
infrastructure, 
technology, 
services, social 
learning, human, 
governance, 
institutional, 
improvement, 
citizen 
(engagement) 

Guan 
(2012) 

2012 41 4.56 Smart Steps To 
A Battery City 

Government 
News 

A city that is prepared 
to provide conditions 
for a healthy and 
happy community 
under the challenging 
conditions that global, 
environmental, 
economic and social 
trends may bring. 

City, community, 
challenges, 
environment, 
economic, social, 
quality of life, 
global 

Shafiullah 
et al. 
(2010) 

2010 44 4.00 Potential 
challenges: 
integrating 
renewable 
energy with the 
smart grid 

20th Australasian 
Universities 
Power 
Engineering 
Conference 

Smart cities are 
characterized by the 
pervasive use of ICT 
to smartness 
application in natural 
resources and energy, 
transportation and 
mobility, buildings, 
living, government, 
economy, and people. 

ICT, energy, 
transportation, 
mobility, buildings, 
living, government, 
economy, people, 
resource manageme
nt 

Chang et al. 
(september, 
2019) 

2019 5 2.50 Multivariate 
relationships 
between 
campus design 
parameters and 
energy 
performance 
using 

Applied Energy The main features of 
the smart city are 
smart economy, smart 
mobility, smart 
environment, smart 
people, smart living, 
and smart governance. 

Economy, mobility, 
environment, 
people, living, 
governance 
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reinforcement 
learning and 
parametric 
modelling 

European 
Parliament 
(2014) 

2014 17 2.43 Mapping smart 
cities in the EU 

Economic and 
scientific policy 

A city seeking to 
address public issues 
via ICT-based 
solutions on the basis 
of a multi-stakeholder, 
municipally based 
partnership 

City, ICT, solutions, 
issues, partnerships, 
municipality 

David & 
Koch 
(2019) 

2019 3 1.50 “Smart Is Not 
Smart Enough!” 
Anticipating 
Critical Raw 
Material Use in 
Smart City 
Concepts: The 
Example of 
Smart Grids 

Urban 
Transformations 
Towards 
Sustainability 

A city that tries to 
make resource 
production and 
allocation in urban 
areas more efficient, 
and thus more 
sustainable through 
new sociotechnical 
innovations such as 
smart grids, smart 
meters, or solar panels. 

City, resource 
management, 
efficiency, 
sustainable, 
innovation, 
technology (solar 
panels, smart 
meters, smart grids), 
urban 
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# Themes % of appearances in total 
number of definitions 

1. Technology (data, sensors, activators, internet, ICT, IT, 
database, algorithm, grid, digital, solar panels, smart meters, 
WIFI, software, hardware, smart devices) 

80.9% 

2. City/ urban challenges (territory, place, geographical area) 75.6% 

3. Sustainability (green, environmental, ecological) 50.2% 

4. ICT (if 1, also add 1 to technology) 49.6% 

5. Social capital (social, social wealth, inclusion, community) 48.4% 

6. Economic (economy) 38.6% 

7. Quality of life (liveability, prosperity, habitable, well-being) 38.1% 

8. Human capital (intelligence, skilled workers/ jobs, (high) 
education, knowledge)  

35.4% 

9. Resource management 34.8% 

10. Infrastructure 32.2% 

11. Citizen (inhabitants, people) 29.2% 

12. Transportation (mobility, transport) 23.4% 

13. Innovation 17.8% 

14. Growth 17.5% 

15. Efficiency (efficient) 14.3% 

16. Safety (security) 14.1% 

17. Energy 10.9% 

18. Business (entrepreneurship) 10.5% 

19. Integration 10.5% 

20.. Collaboration (participation, partnership, relational capital, 
coordination, stakeholder)  

9.5% 

21. Network (interconnected) 8.6% 

22. Creativity 5.8% 
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Appendix C2: Appearances in citations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
End of working paper  

# Themes 
% of appearances in total 

number of citations 
(per year) 

1. Technology (data, sensors, activators, internet, ICT, IT, 
database, algorithm, grid, digital, solar panels, smart meters, 
WIFI, software, hardware, smart devices) 

74.0% 
  

2. City/ urban challenges (territory, place, geographical area) 72.6% 

3. ICT (if 1, also add 1 to technology) 43.8% 

4. Citizen (inhabitants, people) 42.5% 

5. Sustainability (green, environmental, ecological) 39.7% 

6. Quality of life (liveability, prosperity, habitable, well-being) 39.7% 

7. Social capital (social, social wealth, inclusion, community) 34.2% 

8. Economic (economy) 31.5% 

9. Human capital (intelligence, skilled workers/ jobs, (high) 
education, knowledge) 

28.8% 
  

10. Infrastructure 21.9% 

11. Efficiency (efficient) 17.8% 
  

12. Innovation 17.8% 

13. Transportation (mobility, transport) 16.4% 

14. Resource management 15.1% 

15. Business (entrepreneurship) 11.0% 

16. Collaboration (participation, partnership, relational capital, 
coordination, stakeholder) 

11.0% 

17. Network (interconnected)  9.6% 

18. Integration 11.0% 

19. Growth  8.2% 

20.. Creativity 8.2% 

21. Safety (security)  6.8% 

22. Energy 5.5% 
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Appendix B: Literature review table  
 
Table 6: Literature review on education and work experience 

Study Sample Measures for 
success Education Significant 

effect of 
Work 

experience 
Significant 

effect of Focus Team
-level 

Bosma et 
al. (2004)  

1151 Dutch 
entre-
preneurs 
founded in 
1994 

Size 
(employees), 
Profitability 

Higher 
education  
(0-1) 

Education on 
profitability 
(+) 

Experience 
of being an 
employee 

Work 
experience 
on employ-
ment (+) 

Mixed No 

Brüderl et 
al. (1992) 

1714 start-
ups in 
Munich/ 
Bavaria 
founded 
between 
1985-1986 

Survival Years of 
schooling 
(general and 
occupational) 

Education on 
survival (+) 

Years of 
general 
work 
experience 

Work 
experience 
on survival 
(+) 

Mixed No 

Gimeno et 
al. (1997) 

1,547 entre-
preneurs in 
US 

Economic 
performance, 
Performance 
threshold,  
Exit 

Formal 
education 

Education on 
economic 
performance 
(+) 

Not tested / Mixed No 

Khan et al. 
(2019) 

196 start-
ups in 
Pakistan 

Subjective 
performance 
measures 

Level of 
education 

Not 
significant 

Not tested / Mixed No 

Rauch & 
Rijsdijk 
(2013) 

201 
German 
start-ups 
over 12 
years 

Growth,  
Failure 

Level and 
type of 
education 
obtained 

Education on 
growth (+)   
and on failure 
(-)  

General 
work 
experience  

Work 
experience 
on growth 
(+) and on 
failure (-) 

Mixed No 

Bates 
(1990) 

21,000 non-
minority 
male entre-
preneurs 
from 1976 
to 1982 

Survival Level of 
education,  
Years of 
education 

Education on 
survival (+) 

Not tested / Mixed No 

Dahl & 
Reichstein 
(2007) 

2497 start-
ups in 
Denmark 
from 1980 
to 2000 

Survival, 
Exit, 
Takeover 

Level of 
education 

Not 
significant 

Not tested / Mixed No 

Schutjens 
& Wever 
(2000) 

563 Dutch 
entre-
preneurs 

Growth Not tested / Years of 
employ-
ment 

Work 
experience 
on growth 
(+) 

Mixed No 

Davidsson 
& Honig 
(2003) 

380 entre-
preneurs in 
Sweden 
(over 18 
months) 

Size, 
Profit 

Level of 
education, 
Business 
education 

No 
significant 
effect 

Years of 
work 
experience 

No 
significant 
effect  

Mixed No 

Cooper et 
al. (1994) 

2994 start-
ups in the 
US 
(followed 
over 3-year 
period) 

Marginal 
survival,  
High growth 

Bachelor’s 
degree  
(0-1) 

Education on 
survival (+) 

Not tested / Mixed Yes 

Dencker et 
al. (2009) 

436 
founders in 
Munich 

Survival,  
Failure 

Years of 
education,  
Pre-entry 
knowledge 

Education on 
firm failure  
(-) 

Prior 
general 
work 
experience  

No 
significant 
effect 

Funded 
start-ups 
in mixed 
industries 

No 

Peña 
(2002) 

114 
Spanish 
start-ups (4 
years into 
the 
endeavor)  

Employment,  
Sales, 
Profit 

College 
degree (0-1), 
Business 
courses  

Degree and 
courses on 
growth (+) 

Years of 
work 
experience 

Work 
experience 
on profit 
(+), sales 
(+), and 
employ-
meny (+) 

Incubated 
firms 

Yes 

Stuetzer et 
al. (2012) 

 

95 start-ups 
in Germany 

Entre-
preneurial 
market entry 

Tertiary 
education 

Not 
significant 

General 
work 
experience 

Not 
significant 

Innovative 
start-ups 

No 
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Lussier & 
Corman 
(1995) 

216 start-
ups in the 
US 

Failure Years of 
education 

Education on 
failure (+) 

Not tested / Low-
technolog
y firms 

Yes 

Giones et 
al. (2019) 

US entre-
preneurs 
from 2004 
(followed 
over 3-year 
period) 

Revenue, 
Employment 

Level of 
education 
obtained  
(10-level) 

Education on 
revenues and 
employees 
(+) – only for 
high tech 
firms 

Years of 
work 
experience 

On 
revenues 
(+) and 
employ-
ment (+) – 
only for 
non-high-
tech firms  

High- and 
non-high-
tech start-
ups 

No 

Stuart & 
Abetti 
(1990) 

52 start-ups 
in NY 

Sales, 
Employment, 
Revenues, 
Subjective 
performance 
measures 

Level of 
education  

Education on 
performance 
(-) 

Business 
experience 

Not 
significant 

Tech-
start-ups 

Yes 

Shrader & 
Siegel 
(2007) 

196 start-
ups (under 
6 years old) 
in the US 

Profitability, 
Growth in 
sales 

Not tested / Technical 
experience, 
marketing 
experience, 
finance 
experience 

Technical 
on 
profitability 
(+) 

High-tech 
start-ups 

Yes 

Hsu (2007) 149 start-
ups 

VC 
investment 

Level of 
education 

Doctoral 
degree on VC 
(+) 

Not tested / High-tech 
start-ups 

Yes 

Gimmon 
& Levie 
(2010) 

193 start-
ups in 
Israel 

Investment,  
Survival 

Level of 
education, 
 

Education on 
investment 
(+) 
 

Not tested / Incubated 
high-tech 
firms, 
high 
percentage 
of failed 
start-ups 

No 

Colombo 
& Grilli 
(2010) 

439 Italian 
start-ups 
founded 
between 
1980 and 
2000 

VC 
investment,  
Employees 

Economic, 
and technical 
higher 
education 

Economic 
education on 
VC (+) and 
employees 
(+)  

Technical, 
commercial 
and other 
work 
experience 

Technical 
experience 
on 
employees 
(+) 

High-tech 
start-ups 

Yes 

Ratzinger 
et al. 
(2017) 

4953 start-
ups 

 

Investment Business 
education,  
Technical 
education, 
General 
education 

All types of 
education on 
investment 
(+) 

Not tested / Digital 
start-ups 

Yes 
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Appendix C: Operationalisation table  
 
Table 7: Operationalisation from concept to variable 

Concept Indicator Calculation of scores Measurement 

Dependent variables 

Start-up success 
 

Survival 0: the start-up is no longer operating at 
the moment of data collection 
1: the start-up is still operating at the 
moment of data collection 

Binary, 
0 – 1 

Investment 0: the start-up didn’t receive external 
investment 
1: the start-up received external 
investment  

Binary, 
0 – 1 

Firm size The number of employees working full-
time for the start-up at the moment of 
data collection 

Count, 
0 – ¥ 

Independent variables 

Technical education Amount of higher 
education across founders 
in technical field  

The average of the total number of years 
in technical, science, and technological 
higher education across all founding 
members 

Ratio, 
0 – ¥ 

Economic education Amount of higher 
education across founders 
in economic field 

The average of the total number of years 
in economic and managerial higher 
education across all founding members 

Ratio, 
0 – ¥ 

Work experience Amount of work 
experience across 
founders  

The average of the total number of years 
of work experience across all founding 
members  

Ratio, 
0 – ¥ 

Smart city Smart city classification 
of start-ups 

0: the start-up is not classified as smart 
city 
1: the start-up is classified as smart city 

Binary,  
0 – 1 

Smart City Score Smart city classification 
and intensity of a start-up 

0: the start-up is not classified as smart 
city 
1: the start-up is classified as smart city 
 
Intensity is calculated by the number of 
criteria the start-up complies with +1 for 
every additional criterium 

Categorical, 
0 – 6 

Control variables 

Entrepreneurial 
experience 

Prior experience founding 
a venture 
 

0: none of the founders has 
entrepreneurial experience 
1: at least one founder has entrepreneurial 
experience 

Binary, 
0 – 1 

Gender The percentage of males  
 

The percentage of male founding partners 
in the founding team 

Ratio, 
0 – 1 

Number of founders The number of founders  The absolute number of founders at the 
moment of founding the start-up 

Count, 
0 – ¥ 

Business environment The business environment 
of the start-up 

0: the start-up operates in a Business-to-
Business (B2B) environment 
1: the start-up operates in a Business-to-
Consumer (B2C) environment 

Dummy,  
0 – 1 
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Appendix D: Descriptive statistics 
 
Table 8: Descriptive statistics including outliers of Size 

Variable Observations Mean Std. Dev. Min Max 

Survival 194 0.856 0.352 0 1 

Investment 194 0.330 0.471 0 1 

Size 192 20.448 104.629 0 1316 

Smart city 194 0.119 0.324 0 1 

Smart city score 194 0.371 1.085 0 6 

Economic 
education 194 1.733 2.169 0 11 

Technical 
education 194 2.490 3.108 0 13.5 

Work experience 194 10.386 6.360 0 29.7 

Entrepreneurial 
experience 194 0.665 0.473 0 1 

Gender 194 0.904 0.257 0 1 

Number of 
founders 194 1.773 0.762 1 4 

Market B2C 194 0.325 0.469 0 1 
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Appendix E: Negative binomial model 
Various steps are taken to determine the appropriate regression model for the count variable Size. 
Firstly, Size is visualized by a histogram (see Figure 1) to see if the variable is skewed. In this case it 
is. Secondly, the detailed descriptive statistics of Size are calculated (see Table 9) to see if there is 
overdispersion in the data. Since the variance is substantially higher than the mean, this implies 
overdispersion is present. In order to do a Poisson regression, the overdispersion can’t be significant. 
Thus, thirdly, a Poisson regression is carried out, and a goodness of fit is calculated (see Table 10). This 
p-value is significant; therefore, the regression model is rejected and not appropriate in this case. To 
conclude, the negative binomial model is the more suitable regression for the count variable Size. 
 
Figure 1: Histogram of firm Size measured by number of employees  

 
 
Table 9: Detailed descriptive statistics of Size 

 Mean Std. Dev. Variance Obs. 
Size 10.495 13.813 190.785 192 

 
Table 10: Poisson goodness of fit for Size 

 Chi2(182) 
Deviance goodness-of-fit 2226.593*** 

Note: ***p<0.001  
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Appendix F: Verifying assumptions   
 
Table 11: VIF–scores 

Variable VIF 1/VIF 
Smart city score 10.79 0.093 
Smart city 9.05 0.110 
Interaction: technical education*smart city 
score 2.04 0.491 

Technical education 1.43 0.699 
Economic education 1.27 0.784 
Entrepreneurial experience 1.14 0.876 
Number of founders 1.12 0.890 
Market B2C 1.10 0.906 
Gender 1.10 0.909 
Work Experience 1.08 0.923 
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Appendix G: Robustness tests  
 
Table 12: Robustness test for Survival 

 
  

SURVIVAL 

Logit 

 (1) (2) (3) (4) (5) 

SMART
-CITY  0.070 

(0.048)  0.027 
(0.075)  

SC 
SCORE   0.042 

(0.031)  0.022 
(0.034) 

SC*TEC
HEDUC    0.043 

(0.053)  

SCORE
*TECH
EDUC 

    0.015 
(0.022) 

ECO-
EDUC  0.007 

(0.012) 
0.006 
(011) 

0.006 
(0.011) 

0.006 
(0.012) 

TECH-
EDUC  -0.003 

(0.007) 
-0.003 
(0.007) 

-0.005 
(0.007) 

-0.004 
(0.004) 

WORK 
EXP  0.007* 

(0.004) 
0.007* 
(0.004) 

0.007** 
(0.004) 

0.007* 
(0.004) 

ENTRE- 
EXP 

0.139** 
(0.061) 

0.104* 
(0.058) 

0.099* 
(0.056) 

0.094* 
(0.056) 

0.090* 
(0.055) 

GEN-
DER 

-0.124 
(0.110) 

-0.115 
(0.106) 

-0.113 
(0.103) 

-0.110 
(0.101) 

-0.107 
(0.098) 

NFOUD-
ERS 

-0.010 
(0.032) 

0.002 
(0.030) 

0.002 
(0.029) 

-0.001 
(0.029) 

0.001 
(0.028) 

MARK-
ET B2C 

-0.100* 
(0.057) 

-0.098* 
(0.057) 

-0.096* 
(0.056) 

-0.098* 
(0.056) 

-0.094* 
(0.054) 

Cons-
tant - - - - - 

Obser-
vations 194 194 194 194 194 

McFadd
-en R2 0.065 0.104 0.110 0.112 0.115 

Log 
Likeli-
hood 

-74.880 -71.724 -71.252 -71.124 -70.828 

LR-test  6.31 7.26 7.51 8.10 
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Table 13: Robustness test for Investment 

 
 
 
 
  

INVESTMENT 

Logit 

 (1) (2) (3) (4) (5) 

SMART
-CITY  0.312*** 

(0.120)  0.294** 
(0.148)  

SC 
SCORE   0.090*** 

(0.034)  0.077* 
(0.043) 

SC*TEC
HEDUC    0.008 

(0.038)  

SCORE
*TECH
EDUC 

    0.007 
(0.014) 

ECO-
EDUC  -0.006 

(0.019) 
-0.001 
(0.019) 

-0.006 
(0.019) 

-0.008 
(0.019) 

TECH-
EDUC  0.019 

(0.013) 
0.019 

(0.013) 
0.018 

(0.014) 
0.017 

(0.014) 

WORK 
EXP  -0.013** 

(0.006) 
-0.013** 
(0.006) 

-0.013** 
(0.006) 

-0.013** 
(0.006) 

ENTRE- 
EXP 

0.081 
(0.073) 

0.119 
(0.074) 

0.110 
(0.075) 

0.116 
(0.075) 

0.105 
(0.076) 

GEN-
DER 

0.102 
(0.153) 

0.068 
(0.161) 

0.053 
(0.161) 

0.068 
(0.161) 

0.060 
(0.163) 

NFOUD-
ERS 

0.131*** 
(0.047) 

0.145*** 
(0.049) 

0.115*** 
(0.049) 

0.145*** 
(0.049) 

0.143*** 
(0.050) 

MARK-
ET B2C 

0.046 
(0.075) 

-0.001  
(0.000) 

0.010 
(0.077) 

-0.003 
(0.077) 

0.005 
(0.077) 

Cons-
tant - - - - - 

Obser-
vations 194 194 194 194 194 

McFadd
-en R2 0.052 0.114 0.117 0.114 0.118 

Log 
Likeli-
hood 

-116.560 -109.038 -108.617 -109.015 -108.474 

LR-test  15.04*** 15.89*** 15.09** 16.17*** 
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Table 14: Robustness test for Size 

 

SIZE 

Negative binomial 

 (1) (2) (3) (4) (5) 

SMART
-CITY  -0.040 

(0.259)  0.010 
(0.318)  

SC 
SCORE   -0.013 

(0.077)  0.008 
(0.102) 

SC*TEC
HEDUC   

  -0.025 
(0.090)  

SCORE
*TECH
EDUC 

    -0.009 
(0.028) 

ECO-
EDUC  0.053 

(0.041) 
0.053 

(0.041) 
0.053 

(0.041) 
0.053 

(0.041) 

TECH-
EDUC  -0.003 

(0.029) 
-0.003 
(0.029) 

-0.008 
(0.030) 

-0.001 
(0.030) 

WORK 
EXP  -0.002 

(0.014) 
-0.002 
(0.014) 

-0.002 
(0.014) 

-0.002 
(0.014) 

ENTRE- 
EXP 

0.422** 
(0.181) 

0.427** 
(0.186) 

0.429** 
(0.187) 

0.435** 
(0.188) 

0.436** 
(0.188) 

GEN-
DER 

0.475 
(0.333) 

0.421 
(0.341) 

0.424 
(0.340) 

0.425 
(0.341) 

0.422 
(0.340) 

NFOUD-
ERS 

0.130 
(0.114) 

0.127 
(0.116) 

0.127 
(0.116) 

0.128 
(0.116) 

0.129 
(0.116) 

MARK-
ET B2C 

0.103 
(0.176) 

0.101 
(0.176) 

0.100 
(0.176) 

0.185 
(0.177) 

0.104 
(0.177) 

Cons-
tant 

1.339*** 
(0.366) 

1.323*** 
(0.400) 

1.318*** 
(0.394) 

1.306*** 
(0.405) 

1.304*** 
(0.397) 

Obser-
vations 192 192 192 192 192 

McFadd
-en R2 0.008 0.010 0.010 0.010 0.010 

Log 
Likeli-
hood 

-644.485 -643.371 -643.368 -643.333 -643.314 

LR-test  2.23 2.23 2.30 2.34 


