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Abstract 

Academic and political interest in Academic Spin-offs (ASOs) has increased significantly in 

Portugal in the last few years. Although these firms, created to exploit the results of scientific 

research, are considered important contributors to employment and wealth creation, in the 

Portuguese case, their impact has been modest, at best. Based on a sample of 101 ASOs 

associated to the members of the University Technology Enterprise Network (UTEN), we 

found that ASOs are quite small (employing on average 9 full time equivalent individuals and 

a turnover of 300 thousand euros). Besides being highly R&D intensive, Portuguese ASOs are 

internationally-led with almost half of the respondent firms involved in exporting. 

An econometric analysis revealed the relevant role of certain types of S&T infrastructures and 

support mechanisms for the economic performance of ASOs In particular, access to 

incubators, access to skilled labour, and support in terms of business mentoring and 

counselling emerged as significantly and positively related with ASOs’ sales per worker. 

Moreover, their economic performance is extremely dependent on internationalization 

dynamics, with firms that export outperforming their domestically-based counterparts. 

The lack of economic return on R&D performed and patents registered by firms indicates that 

the steady investment in science, technology and innovation in Portugal in the last decade, 

although undoubtedly necessary, has not yet materialized sufficiently to push the system 

towards solid, productive and value added firms. Therefore, policies aimed at accelerating 

ideas and knowledge into internationally competitive ideas and products are required. 
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1. Introduction 

University Spin-offs (USOs) (O’Shea et al., 2008) or Academic Spin-offs (ASOs) (Ndonzuau 

et al., 2002) are firms whose products or services are based on scientific/technical knowledge 

generated within a university setting (Samson and Gurdon, 1993; Steffensen et al., 1999), 

where the founding members may (or may not) include the academic inventor. 

Existing literature in this field tends to focus on the US and Canada, where the phenomenon 

of academic spin-offs is fully consolidated (Doutriaux and Peterman, 1982; Louis et al., 1989; 

Shane and Khurana, 2003; Shane, 2004; Lehrer and Asakawa, 2004 ; Ding and Stuart, 2006; 

Zhang, 2006; Landry et al., 2006; Gibson and Naquin, 2011), whereas studies on Europe are 

less common (Jones-Evans, 1998; Klofsten and Jones-Evans, 2000; Vohora et al., 2004; 

Clarysse et al., 2005; Ratinho and Henriques, 2010; Ganotakis, 2012).  

Although the earliest examples of ASOs occurred in Europe (Morales-Gualdrón et al., 2009), 

and despite the strong interest in the promotion and development of ASOs (Lockett et al., 

2005; Wright et al., 2007), they are still quite incipient when compared to the US where this 

phenomenon has developed widely (Morales-Gualdrón et al. 2009).  

In the European context, the promotion of ASOs has revealed to be a daunting, complex task 

(Morales-Gualdrón et al., 2009), especially because European research institutions have 

shown limited capacity for transferring scientific and technological knowledge to industry 

(Jones-Evans et al., 1999). Among the reasons for this shortcoming are cultural differences 

between universities and private sectors which, in part, reflect the lack of an entrepreneurial 

spirit within the university environment (Morales-Gualdrón et al., 2009), and the poor 

industry–university relations that characterise several EU countries, exacerbating the lack of 

university entrepreneurial orientation (Teixeira and Costa, 2006; Nosella and Grimaldi, 2009).  

Existing literature on the performance of ASOs refers to three main groups of determinants: 

entrepreneur or founder factors (Colombo and Grilli, 2010; Dahl and Sorenson, 2011; 

Gimmon and Levie, 2010; Ganotakis, 2012); firm attributes (Lee et al., 2001; Zheng et al., 

2010; Taheri and van Geenhuizen, 2011; Pirolo and Presutti, 2010; Ganotakis, 2012); and 

factors external to the firm (Li and Atuahene-Gima, 2001; Zheng et al., 2010), namely 

existing support mechanisms such as science parks and other technological transfer 

infrastructures (Ganotakis, 2012). 

The empirical analysis presented in this study aims to assess the significance of these 

determinants for the economic performance of Portuguese ASOs. It contributes to the 
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significant lack of literature on technology transfer in Europe, and more specifically, in 

Portugal, not only analyzing determinants related to the founders and firms but also focusing 

on the importance of Science and Technology (S&T) infrastructures (e.g., TTOs, Incubators, 

Science Parks) and support. To achieve these goals, a direct email survey was designed and 

applied to all 309 ASOs associated to the members of the University Technology Enterprise 

Network (UTEN). The survey aimed to analyze quantitatively what were the main drivers of 

the ASOs’ economic performance in the period between 2008 and 2011. The UTEN was 

established in 2007, a collaboration between the Portuguese government and the University of 

Texas at Austin, and includes among its members all Portuguese public universities as well as 

the most important research institutions located in Portugal. 

The next section presents a literature review on the determinants of the economic performance 

of ASOs. The study’s methodological considerations are described in Section 3, and in 

Section 4, the results of the survey are analyzed and discussed. In the Conclusion the main 

findings and implication for innovation policy are put forward. 

2. Determinants of the economic performance of ASOs. A brief review of the literature 

An exploratory bibliographic search for scientific articles on the performance of ASOs in the 

Scopus database
1
 provided the frame for this literature stream and put forward the main 

determinants related to the firms’ economic performance. The articles selected were examined 

and classified into three main groups of determinants of ASOs performance (cf. Tables A1-

A3, in the Appendix). Ordering these groups from the micro to macro level, the first 

determinants are related to the entrepreneurs or founders of the firms, focusing on their 

personal or professional characteristics, namely gender, the homogeneity and size of the 

founding team, education and previous professional experience. The next group covers ASOs 

related factors, identifying mainly the determinants related to the firm’s innovation traits, i.e., 

firm’s innovation position, innovative and technological capabilities, the scope and newness 

of their technologies, internationalization, product/market strategies, and demographic traits 

(business age and size). The final group, contextual factors, encompasses a number of 

network characteristics, such as the frequency of contacts between business partners, 

including universities, S&T support mechanisms, university related characteristics, and 

regional factors. 

                                                 
1
 Scopus is the world’s largest abstract and citation database of peer-reviewed literature and quality web sources. 

It contains over 19500 titles from 5000 publishers worldwide (Source: http://www.info. sciverse. com/ 

scopus/about, accessed on 19 October 2012). 
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Entrepreneur-related determinants  

Apart from knowledge on the technology itself, new technology-based firms need market 

knowledge and skills, business skills, including knowledge on firms’ daily management and 

long-term strategy, accounting and other finance-related knowledge, as well as financial 

resources (Taheri and Van Geenhuizen, 2011). Therefore, many studies focus on human 

capital, i.e., characteristics such as education or experience of the founders/entrepreneurs, as 

the main determinant of the firms’ economic performance, thus aiming to capture the 

knowledge and skills within a firm. Various dimensions of human capital are analyzed in the 

studies we consulted, namely size of the founding team, education and experience of the 

founders (cf. Table A1).  

In relation to the size of the founding team, it is expected that firms created by a team perform 

better than those created by a single entrepreneur. The larger the founding team, the greater 

the range of complementary skills, thus contributing to a more efficient, mindful management 

of the business (Ucbasaran et al., 2003), as well as reducing the risk of poor commercial 

decisions (Roure and Keeley, 1990). In line with this argument, Ganotakis (2012) and 

Colombo and Grilli (2010) found a positive relation between the number of founders and firm 

performance. This means that the larger the founding team, the better the firms’ economic 

performance. Therefore we hypothesize: 

H1: ASOs with a higher number of founders tend to outperform their counterparts with 

smaller teams. 

The entrepreneur’s level of education upon going into business has been considered to be very 

important for the post-entry performance of a firm in terms of productivity, profitability and 

growth, and a positive relationship between these aspects has been found in several studies 

(e.g., Colombo and Grilli, 2010; Ganotakis, 2012). According to Avermaete et al. (2004), 

high levels of education can expand not only the individuals’ communication and social 

abilities, but also their learning ability. Consequently, the founding team’s spectrum of 

information and skills increases, creating the basis for running the business successfully. 

Notwithstanding, Gimmon and Levie (2010) found the founders’ academic status to be 

insignificant, when they compared doctors and professors with founders with no academic 

qualifications. Ganotakis (2012) measured human capital through the entrepreneurial 

founding team’s formal education (in years), dividing it into general education, technical 

education, and business education. The author found, based on a sample of 751 UK 
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entrepreneurs and their corresponding 412 firms, that the founding team’s technical education 

negatively and significantly impacted on firm performance, and business education positively 

impacted on firm performance, whereas general education failed to significantly impact on 

performance. According to the author, such results indicate that technical education has to be 

complemented by managerial abilities to avoid overemphasis of the company’s technological 

side and negligence of marketing, general management and commercial awareness 

(Ganotakis, 2012).  

In line with these findings, Colombo and Grilli (2010), analyzing 439 new Italian technology-

based firms, reported a significant positive effect of the founders’ economic or managerial 

education on their firms’ performance, whereas scientific education turned out to be 

insignificant. As such, we hypothesize that: 

H2: The type of education of ASOs’ founders (economics/managerial or engineering) 

influences the ASOs’ economic performance. 

Another dimension of human capital, which is largely addressed in this literature stream, is 

the founders’ experience prior to establishing the firm. Entrepreneurs with previous industry 

experience have a greater ability to identify viable business opportunities and may be more 

aware of the possible alternatives that can improve decision-making (Boeker and Karichalil, 

2002). Similarly to the measurement of human capital, this variable is often divided into 

founders’ managerial/ commercial experience and technical experience, or same-industry and 

different-industry experience. Concerning the founders’ previous managerial/ commercial 

experience, Ganotakis (2012) and Gimmon and Levie (2010) found a statistically significant 

impact of this variable on firms’ performance, whereas Colombo and Grilli (2010) did not 

find any statistical significance. Regarding technical experience, Colombo and Grilli (2010) 

reported that this determinant significantly impacted on the economic performance of their 

439 new Italian technology-based firms, as measured by growth in the number of employees 

and sales.  

Industry-related experience seems to be relevant to enhancing firms’ performance (Gimmon 

and Levie, 2010; Dahl and Sorenson, 2011), whereas different-sector experience has an 

inverse effect (Ganotakis, 2012) or no effect at all (Colombo and Grilli, 2010) on 

performance.
2
 According to these findings, we hypothesize that: 

                                                 
2
 Dahl and Sorenson (2011) include a different type of experience in their study, focusing on regional tenure, i.e., 

the time a firm’s founder lived in a certain region where he/ she established the business. Apparently, the 

experience gained in a certain region has a positive statistically significant effect on firms’ performance. 
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H3: ASOs whose founders have previous industry experience outperform those whose 

founders do not have industry experience. 

ASOs-related determinants  

When analyzing aspects related to the firm, it is important to focus on the source of the firms’ 

origins, determinants related to innovation, the firms’ internationalization, their market 

strategies and their demographic traits (cf. Table A2).  

Regarding a firm’s origins, Colombo and Grilli (2010) included two dummies, one for firms 

created by academics and another for those established with support from a parent company. 

They found that support from a parent company was positively associated to the firms’ 

economic performance, due to benefits derived from tangible and/or intangible resources 

(e.g., complementary technologies, access to distribution channels, after-sale services, support 

to entry into international markets) provided by the parent company, whereas no statistical 

significance was found for the influence of creation by academics. Based on this hypothesis 

we suggest that: 

H4: ASOs created by firms outperform those created by academics. 

Technological capabilities define the roots of a firm’s sustainable competitive advantage, 

since these capabilities comprise patents protected by law, technological knowledge, and 

production skills that are valuable and difficult to imitate by competitors (Lee et al., 2001). As 

described in Table A2, these firm attributes are mainly measured by their number of patents 

(Zheng et al., 2010; Lee et al., 2001) and internally developed technologies or new products 

(Lee et al., 2001; Li and Atuahene-Gima, 2001). Zheng et al. (2010) analyzed the innovative 

capability of 170 US biotechnology firms, proxied by their number of patents, and found a 

positive significant impact on the total market value of the companies’ equity. Lee et al. 

(2001), focusing on 137 Korean start-ups, also found that technological capability, measured 

by the number of internally developed technologies, patents and quality assurance marks, 

impacts positively on their sales growth.  

In line with these studies and as described in Baum et al. (2000), intellectual property 

protection for newly developed products and processes offers significant benefits for the 

winner of a patent race, namely a 20-year monopoly. Consequently, an ASO armed with 

intellectual property protection is more likely to obtain further financing and find willing 

partners to support commercialization activities. Additionally, the ability to stake 
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technological claims that will give an ASO a share of the expanding market is a critically 

important element of performance.  

A different approach to innovativeness and technological advance is taken by Lee et al. 

(2001), focusing on the amount of R&D investment, advertising expenditure and market 

research investment. Clearly these amounts are spent to improve the firms’ performance, and 

as their empirical analysis suggests, they have a strong statistically significant impact on sales 

growth. Considering that the accumulation of technological knowledge not only enables a 

more efficient use of related knowledge but also enables ASOs to better understand and 

evaluate the nature and commercial potential of technological advances (Clarysse et al. 

(2011),we hypothesize that: 

H5: Highly innovative ASOs (with more registered patents and/or higher R&D 

intensity) tend to outperform their less innovative counterparts. 

Garbe and Richter (2009) obtained their target-population from the UNCTAD database of the 

100 most internationalized non-financial corporations as ranked by their foreign assets, in 

order to test the impact of internationalization on firms’ economic performance, measured by 

the return on sales. Internationalization is measured by the intensity of a firm's foreign 

production presence by means of the shares of foreign assets and employees (FTE) and the 

spread of foreign operations measured by the Berry Index.
3
 The empirical evidence suggests 

that the relationship between internationalization and performance is curvilinear, i.e., during 

international expansion, performance is increased to an optimal level beyond which higher 

degrees of internationalization lead to a decrease in firm performance. In the early stage of 

internationalization, the firm faces large costs due to the required learning process and 

organizational change, but this negative impact on performance is hypothesized as relatively 

low and of short duration, as only a few firms would otherwise undertake foreign investments. 

In the mid-stage of internationalization, the firm continues to have costs due to its operation 

abroad, but the benefits of experience, improved knowledge of the market, greater operational 

and strategic flexibility exceed them. In the high internationalization stage, a firm might 

engage in markets with a broad geographic dispersion increasing coordination, distribution 

and management costs (Contractor, 2007). Transposing these results to our sample of young 

ASOs in early stages of development and internationalization, we hypothesize that: 

H6: ASOs that export outperform the other ASOs. 

                                                 
3
 The Berry-Herfindahl index (Berry, 1971) is a commonly used method for measuring a firm’s degree of 

diversification. The scale runs from 0 to 1 where 1 is perfectly diversified and zero is not diversified at all. 
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H7: ASOs whose market strategy is focused on global markets outperform those whose 

focus is on the domestic market. 

The firms’ demographic traits, namely their age (number of years since founding) is an 

important indicator of their experience in business. According to Baum et al. (2000), the more 

experienced a firm, the lower the liability of newness and smallness resulting from access to 

resources and stable exchange relationships. In this sense, the main results indicate that older 

firms have higher rates of performance than younger ones (Ganotakis, 2012; Baum et al., 

2000; Colombo and Grilli, 2000; Clarysse et al., 2011). However, Maine et al. (2010) found a 

statistically significant negative effect of firms’ age on average growth of revenue and 

employees, suggesting that younger firms present higher growth rates than older ones. Despite 

the ambiguity, we hypothesize that: 

H8: More experienced ASOs outperform their less experienced counterparts. 

In relation to firm size, the literature does not convey clear-cut results. Whereas Lee et al. 

(2001) found that larger firms grow faster, which is in line with Clarysse et al.’s (2011) 

argument that larger firms may be in a better position to attract new customers and to perform 

better, Maine et al. (2010) found that smaller firms reveal a higher growth performance than 

larger firms. Thus, we hypothesize that: 

H9: Larger ASOs outperform their smaller counterparts. 

Contextual determinants  

Resources in ASOs are usually in short supply, and the literature mentions the lack of 

investment capital and of non-technical knowledge and skills most often (e.g., Lockett et al., 

2005). Thus, in their early years, spin-offs need to have access to these resources, critically 

depending on the presence of key suppliers, such as customers and investors, and to develop 

capabilities in networking with them (Walter et al., 2006). To overcome these shortcomings, 

Technology Transfer Offices (TTOs), incubators, Science Parks or similar organizations may 

act as mediators or direct suppliers of resources at relatively reduced costs (Soetanto and van 

Geenhuizen, 2009).  

Meyer (2003), focusing on support mechanisms and the impact they have on the development 

of four selected US and European start-ups in a science-based environment, found that the 

support, in this case from incubators, is fundamental for a firm’s performance. Start-up advice 

at an early stage, ideally before the company is set up, may get the company off to a better 
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start. In the same line, according to Bathula et al. (2011), support mechanisms play a key role 

in assisting the budding entrepreneur, providing a range of services such as shared offices, 

access to research labs, hardware and software, knowledge and network pools, as well as to 

other start-up companies. Such support gives the start-up a relatively secure environment and 

a head start over others. Ganotakis (2012) found a strong positive impact of science and 

technology infrastructures, most notably science parks, on firms’ performance.  

The literature emphasizes the importance of business networks and collaboration (e.g., 

Fornoni et al., 2012; Ganotakis, 2012) for the performance of ASOs. This literature stream 

suggests that the innovative capabilities of a firm can be enhanced when it engages in inter-

firm networks or strategic alliances, i.e., voluntary arrangements between firms involving the 

exchange, sharing or co-development of products, technologies, or services (Gulati, 1998). 

ASOs are typically associated to support mechanisms such as incubators, science parks and 

Technology Transfer Offices (TTOs), and may have the opportunity to benefit from their 

social networks. Network relations act as a bridge to access information and resources that 

supplements the entrepreneurs’ or young firms’ own resources (Rasmussen et al., 2011). 

Access to venture capital or targeting potential partners with managerial skills are aspects that 

can be decisive for potential entrepreneurs (Carayannis et al. 1998), and can be conducted or 

facilitated not only by universities but also by TTOs, or other support mechanisms. As Cooper 

et al. (2012) reveal in their study, focusing mainly on university business incubators, these 

support mechanisms strive to develop robust business and social networks to bring value to 

their resident companies in the form of intellectual and material resources.  

University–industry collaborations may be of key importance, resulting not only in additional 

revenue for the university and technological spillovers which stimulate additional R&D 

investment and job creation at local level (Caldera and Debande, 2010), but especially by 

constituting an opportunity for ASOs to engage with the market. University-industry 

cooperation has been widely studied and identified as a key element in improving the 

innovation ability of enterprises and regions (Xu et al., 2010). A university network that is 

built based on this type of cooperation facilitates access to a variety of partners (Van Burg et 

al., 2008), setting the grounds for solid external relationships with, for instance, institutional 

investors, firms and consulting organizations (Nosella and Grimaldi, 2009). Tödtling et al. 

(2011) analyzed open innovation, i.e., well-developed regional knowledge infrastructure and 

excellent universities that provide easy access to knowledge and qualified personnel. In their 

study, they found that the collaboration of companies and universities or research institutes 
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contribute to an open innovation environment connecting not only long-term investment in 

fundamental research and education but contributing also to university start-ups connecting 

ideas from companies in the region with new insights from fundamental research to develop 

successful commercial applications. This knowledge infrastructure facilitates the continuation 

of successful development paths and investments in a broader knowledge base to open up new 

fields and opportunities for young companies. 

Therefore we hypothesize that: 

H10: The existence of S&T support mechanisms, the importance of the relations 

established and the obstacles perceived by ASOs influence their economic performance. 

Scientific and technological achievements and outcomes of universities can be critical for 

their spin-off activities, since they may constitute a relevant source of business opportunities 

(Gómez-Gras et al., 2008). According to the literature (e.g., O’Shea et al., 2005), the 

technological production of universities, measured by the number of patents, has a positive 

impact on spin-off activity. In line with these findings, we hypothesize that: 

H11: ASOs that are associated to universities with a higher pool of advanced 

applied/commercialized knowledge (Patents) tend to outperform the other ASOs. 

Regional factors might be potential determinants of ASOs’ performance, because they may 

enjoy externalities from proximity to diverse infrastructures such as universities, research 

institutes and companies, benefiting from knowledge spillovers (Lynskey, 2004). Indeed, 

Maine et al. (2010), analyzing spill-over effects in clusters, found that when cluster effects are 

measured in terms of distance, proximity to a relevant cluster is associated with enhanced 

growth. Additionally, Malmberg et al. (2000) reported that urbanization economies have a 

significant impact on firm performance, more specifically, export performance. Thus, we 

posit that: 

H12: ASOs located in more economically developed regions outperform those from less 

developed regions. 

In terms of ‘control’ variables, the studies analyzed include the sector (as well as firms’ age 

and size, already identified above). Viable indicators for the sector are dummy variables 

which differentiate new and traditional industries (Gimmon and Levie, 2010).  
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3. Methodological underpinnings 

The empirical analysis undertaken in this study aims to assess the relevance of the 

determinants of the economic performance of Portuguese ASOs. To achieve this goal, a direct 

email survey was designed and applied to all ASOs associated to the members of the 

University Technology Enterprise Network (UTEN), analyzing quantitatively what were the 

main drivers of the economic performance of ASOs in the period between 2008 and 2011.  

Given the lack of an official statistical source/body that gathered information on academic 

spin-offs (ASOs), in 2009, UTEN researchers
4
 started to identify the ASOs associated to 

universities that were part of the network. This extensive and time-consuming task was 

conducted in collaboration with each university’s TTOs, incubators and science parks. 

Although the identification process was paved with difficulties given the absence of a 

common definition of ASO among the participants involved, based on an interactive process 

developed between the researchers and each UTEN stakeholder, it was possible to establish a 

group of ASOs – i.e., firms whose products or services are based on scientific/technical 

knowledge generated within a university setting – associated to each member university of 

UTEN (which means that all public universities were represented). 

By 2012, 309 ASOs associated to UTEN’s Portuguese members were identified, whose 

distribution is set out in Table 1. From this total, 286 comprise our effective/target population, 

as 23 firms were unreachable, having presumably ceased operations. It is important to note 

that since 2009 this number has been evolving and our database has been constantly updated 

to reflect the new firms created and the firms that in the meanwhile ceased their activities. 

From 2009 onwards, each ASO has been contacted every year (between September-October) 

in order to answer a questionnaire designed for the purpose. In 2012, after two months 

(September-October 2012) of contacts, 101 responses were obtained representing a response 

rate of 35.3%.  

The questionnaire sent to the targeted firms was divided into three main parts. The first 

included firm-specific data such as the firm’s origins (whether the firm was started by 

students, professors, researchers, incumbent firms or other individuals), the actual 

development phase (whether the product/service was still at an embryonic phase or already 

marketable), the international scope (whether the product or service had been commercialized 

                                                 
4
 In 2009, the researcher involved was Aurora A.C. Teixeira (CEF.UP, FEP, University of Porto; INESC Porto). 

Since 2010, Aurora A.C. Teixeira, jointly with Marlene Grande, continued the activities. 
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in the national, European or the world market) and the target market (niche market, temporary 

niche market or the mainstream market). 

Table 1: Representativeness and distribution of ASOs by TTO and University (reference year: 2012) 

Associated University 

[target population; 

sample; response rate 

(%)] 

UTEN partner 

associated to 

Technology Transfer 

Population 

by 2012 

Target 

population 
Sample 

Effective 

Response 

rate. in % 

% in the ‘target 

population’ 

[sample] 

U. Minho 

[37; 18; 48.6%] 

Avepark/ Spinpark 14 12 7 58.3 
12.9 [18.2] 

TecMinho 29 25 11 44.0 

U. Porto 

[64; 32; 50.0%] 

UPIN 3 3 2 66.7 

22.4 [31.7] UPTEC 54 53 23 43.4 

INESC Porto 9 8 7 87.5 

U. Aveiro 

[11; 7; 63.6%] 
UATEC 11 11 7 63.6 3.8 [6.9] 

U. Beira Interior 

[26; 5; 19.2%] 

UBI-GAPPI 5 5 2 40.0 
9.1 [5.1] 

Parkurbis 23 21 3 14.3 

U. Coimbra 

[27; 8; 29.6%] 

OTIC-UC 5 5 3 60.0 
9.4 [8.1] 

IPN 23 22 5 22.7 

U. Nova Lisboa  

[48; 11; 22.9%] 

Gab. de 

Empreendedorismo 

(FCT-UNL) 

20 20 6 30.0 

16.8 [11.1] 

Madan Parque 29 28 5 17.9 

U. Lisboa 

[2; 2; 100%] 
IMM 2 2 2 100.0 0.7 [2.0] 

ISCTE 

[4; 1; 25.0%] 
INDEG 4 4 1 25.0 1.4 [1.0] 

U. Técnica de Lisboa 

[35; 6; 14.3%] 

OTIC-UTL 1 1 0 0.0 

12.2 [6.1] 
Inovisa 3 3 2 66.7 

TT@IST 4 4 4 100.0 

Taguspark 30 27 0 0.0 

U. Algarve & U. Évora 

[30; 11; 36.7%] 

CRIA 32 24 10 41.7 

10.5 [11.1] UÉvora 3 3 0 0.0 

Sines Tecnopólo 3 3 1 33.3 

U. Madeira 

[2; 0; 0.0%] 

GAPI Madeira 1 1 0 0.0 
0.7 [0.0] 

TECMU Madeira 1 1 0 0.0 

All 309 286 101 35.3 100 [100] 

Notes: The difference between the population and the ‘target population’ is explained by the fact that twenty-three ASOs were 

unreachable, presumably having gone out of business. In blue we have the cases in which the associated university is 

overrepresented in the sample and in red the underrepresented universities. 

 

The second part dealt with questions regarding the support mechanisms for ASOs, namely 

science parks, TTOs and/or incubators. ASOs were asked to classify the importance of these 

organizations/technological infrastructures regarding the ease of access to infrastructures, 

specialized competences and national or international networks, contact with a creative 

environment, and support in terms of recruitment, of access to public subsidies, financial 
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support, and mentoring. Moreover, ASOs were asked to classify the main obstacles to the 

creation and development of their firms, most notably weak university-industry relations, 

rigidity of the labour market, scarcity of financial institutions, embryonic venture capital 

market, confusing technology transfer politics and strategies, universities’ weak capacity for 

the development of commercial applications, obstacles related to the market, financial and 

management obstacles, governmental and physical obstacles, and obstacles related to access 

and quality of advice in terms of accessing financial sources, market prospection and 

operation-related issues. The third part included financial, operational and human resources 

data about the firm, namely the year of establishment, and year of the first 

sales/exports/international subsidiary. Additional information on turnover, R&D expenditure, 

number of patents, and value of royalties in each year from 2008 to 2011 was also collected. 

Human resources-related data included the number of founders and employees in Full Time 

Equivalent (FTE), the founders’ previous experience in the industry and their advanced 

education/training in economics/management, law or engineering. 

Based on the literature on the determinants of ASOs’ economic performance (cf. Section 2), 

the general econometric specification used is as follows, in a simplified way: 

              ̂   ̂            ̂            ̂           ⏟                              
             

  

  ̂         ̂             ̂                       ̂         ̂      ̂     ⏟                                                         
        

   ̂                         ̂              ̂        ⏟                                        ̂          ̂ 
       

 

Where, i is the subscript for each ASO and ei is the sample error term. 

Our dependent variable ‘economic performance’ is measured, following Ganotakis (2012), as 

the log of sales per individual (in Full Time Equivalent - FTE) in 2011. 

The proxies for the determinants of performance (i.e., the model’s independent variables) are 

described in Table 2, together with the study’s main hypotheses. 

4. Empirical results 

4.1. Descriptive results 

In 2011, the total sample of respondent firms employed 960 individuals (264 founders plus 

696 collaborators), sold about 27 million Euros, invested 6 million Euros in R&D activities 

(representing a global average R&D intensity of 23%), and owned 15 patents. Most of these 
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firms operate in ICT/Software/Digital Media (43%), Energy/Environment/ Sustainability 

(17%), and Bio/Pharma (10%). 

Table 2: Hypotheses and proxies for the relevant variables of the ‘theoretical model’ 

Determinant group Hypothesis 
Proxy for the independent 

variable  
Source 

Entrepreneurs  

Number of founders 

H1: ASOs with a higher number of founders 

tend to outperform their smaller 
counterparts. 

Number of founders (in ln) Questionnaire 

Education 

H2a: ASOs whose founders have an 

economic or managerial education 

outperform those whose founders possess 
other types of educational background. 

Some of the founders had an 
Economics or managerial 

degree (dummy- 1:yes; 0:no) 

Questionnaire 

H2b: ASOs whose founders have an 

engineering-related qualification outperform 
those whose founders possess other types of 

educational background. 

Some of the founders had an 

Engineering degree (dummy- 

1:yes; 0:no) 

Questionnaire 

Experience 
H3: ASOs whose founders have previous 
industry experience outperform those whose 

founders do not have industry experience. 

Same-industry experience 

(dummy- 1:yes; 0:no) 
Questionnaire 

Business 

Source of creation 
H4: ASOs created by firms outperform 

those created by academics. 

ASOs created by firms (1) or 

by academics (0) [dummy] 
Questionnaire 

Innovation 

H5a. ASOs with higher innovative value 

(patents) tend to outperform ASOs that do 

not possess patents. 

Number of accumulated patents 
(2008-2011) 

Questionnaire 

H5b: ASOs characterized by higher 
intensity in Research and Development 

(R&D) outperform the other ASOs. 

Average R&D intensity (2008-

2011) 
Questionnaire 

Internationalization 

H6: Export oriented ASO outperform those 
that do not export. 

Exported (dummy- 1:yes; 0:no) Questionnaire 

H7: ASOs whose market strategy is focused 

on global markets outperform those whose 

focus is on the domestic market 

Main focus of firm’s market 

strategy (dummy- 1:global; 

0:domestic) 

Questionnaire 

Demographic traits 

H8: ASOs more experienced in business 

outperform their less experienced 

counterparts. 

Number of years since creation 
(in ln) 

Questionnaire 

H9: Larger ASOs outperform their smaller 

counterparts. 

Number of employees plus 
founders in terms of FTE (in 

ln) 

Questionnaire 

Contextual 

S&T support 
mechanism (Resource 

access; Network and 

business advice; 

Financial/capital advice 

and support; IPR support) 

H10a: ASOs that resort to technology transfer 

support from S&T infrastructures outperform 

the other ASOs. 

ASO resort to the support of 

the S&T infrastructures 

(dummy- 1: yes; 0: no) 

Questionnaire 

H10b: ASOs that attribute greater importance 

to S&T support mechanisms regarding a given 

set of items. 

High relevance attributed to 

the given item (dummy – 1: 
if ASO considered it highly 

important; 0: otherwise) 

Questionnaire 

Obstacles perceived 
(U-I relations; 

Institutional, regulatory 

and government; 

Financial; Managerial; 

Infrastructures) 

H10c: ASOs that perceive the item as a major 
obstacle to its activity tend to underperform 

the other ASOs. 

High relevance attributed to 

the given obstacle (dummy – 
1: if ASO considered it a 

highly important obstacle; 0: 

otherwise) 

Questionnaire 

University 
characteristics 

H11: ASOs that are associated to Universities 

with a higher pool of scientific knowledge or 
higher proportion of research excellence tend 

to outperform the other ASOs. 

International patent pool per 

1000 researchers (2010) (in 

ln) 

Universities’ 
web sites 

Regional factors 
H12: ASOs located in more economically 
developed regions outperform those from less 

developed regions. 

Index of purchasing power 

per NUT III regions (in ln) 
INE 

Sector (default: 

ICT/Software/ Digital 

Media) 

Energy 

Dummy variable: 1 if the 

ASO operates in 
Energy/Environment/ 

Sustainability 

Questionnair
e 

Bio 
… Bio/Pharma or Medical 

devices/diagnostics 

Micro Microelectronics/Robotics 

Agri Food … Agri-Food 

Consultancy 

… Consultancy related 
activities including training 

and other specialized 

services 
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These respondent ASOs are young, having been founded mainly after 2006, with 2008 as the 

year recording the highest number of new ASOs (25, i.e., 25%). About 78% of the total 

respondent firms were created in 2007 or later, presenting an average age of 6 years in 

business.  

There is an average gap of about 1 year between the start of business and the time the firms 

start to sell, and 3 years between starting to sell and starting to export (and 5 year lag for 

establishing a subsidiary) (see Figure 1).  

 

Figure 1: Beginning of activity/sales/exports/subsidiary of ASOs 

On average, the ASOs’ founding team was composed of 2-3 individuals, and in 68% (33%) of 

the cases the founding team included at least one engineering (economics/management) 

graduate. About ¾ of the firms included founders with previous industry experience. The 

respondent ASOs are, as expected, quite small. In Full Time Equivalent (FTE), the size of the 

respondent ASOs is 5 individuals (including founders). 

By 2011, about 48% of the ASO were exporting (in ICT/Software/Digital Media and 

Microelectronics/Robotics, this figure reaches 60%), and 42% ASOs expected to start 

exporting in the close future. Approximately 15% of the ASO had established, by 2011, a 

foreign subsidiary. It is important to highlight this quite distinctive feature between ASOs and 

other Portuguese SMEs. According to the official statistics body, INE (referring to the 2007-

2009 period), only 10% of the 348552 existing SMEs exported, a far lower figure than that of 
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the ASOs’ (48%). This is quite promising given Portugal’s well-known structural external 

trade imbalance and the need to overcome it given the economy’s rampant debt.
5
 

The bulk (66%) of the ASOs claimed that their market strategy was focused mainly on global 

markets, whereas 23% revealed an inward, domestically-oriented market strategy. 

The respondent ASOs presented yearly sales per person (in FTE) of about 31 thousand Euros. 

This figure, although well below the national value for SMEs (87 thousand Euros), varied 

significantly depending on the sector considered, reaching 117 thousand Euros in Medical 

devices/diagnostics and 21 thousand Euros in ICT/Software/Digital Media. 

The innovative traits of the sample’s ASOs are quite heterogeneous. By 2011, almost 30% of 

the ASOs did not invest in R&D activities, and among those that did, 16 firms (that is, 29% of 

the relevant total) presented a R&D to sales ratio closer or well above 100%, justified by very 

low sales compared to the corresponding R&D expenditures. Moreover, in terms of 

accumulated patents (over the period 2008-2011), only 22% of the firms presented at least 

one active patent. This might be explained, on the one hand, by the high share of companies 

which did not rely on patents as a tool to protect and benefit from the knowledge exploited, 

and, one the other, the still relatively laggard positioning of the companies surveyed in terms 

of the sector’s technological frontier.  

The most common source of the firms’ origins is internal to the universities – researchers, 

who accounted (in combination or individually) for 47.5% of the total firms. Students and 

professors were also relevant sources of the ASO’s origins accounting for about 36%. 

External sources represented 27% of the total. 

In about one third of the ASOs surveyed, at least one of the founders had had previous 

experience in the (same) industry. Additionally, in 69% of the firms, at least one of the 

founders had a degree in Engineering and 32% in Economics/Management. It is worth noting 

that 23% of the ASOs had a founding team which included at least one engineer and one 

economist/management graduate. 

Almost all the firms surveyed acknowledged they had benefited from technology transfer 

infrastructures, most notably incubators (62%) and Science Parks (40%) (cf. Figure 2). The 

demand for services from Intellectual Property Offices was relatively rare (16%), which might 

reflect in part the type of activity they develop, not relying on highly complex, novel 

                                                 
5
 See INE (2011), “O perfil exportador das PME em Portugal – 2007/2009”, in http://www.iapmei.pt/resources/ 

download/ PME-perfilexportador2011.pdf , accessed in November 2012. 
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technology, requiring the management and activation of property right mechanisms, and/or 

the firms’ intrinsic weaknesses in terms of resources and competencies for intellectual 

property rights implementation and management; in order to apply to highly complex and 

advanced/specialized support, firms are often required to have a minimum level of 

competencies and an adequate organizational structure. 

 

Figure 2: Distribution (in %) of ASOs by use of S&T infrastructures 

The most important support mechanisms associated to technology transfer infrastructures 

were, according to the respondent firms, ‘Access to skilled labour (students)’, ‘Contact with a 

creative environment’, and ‘Access to (in)formal business networks on a national and 

international basis’ (cf. Figure 3). 

 
Figure 3: Importance attributed by ASOs to available technology transfer support mechanisms  

Note: 1: very low importance … 5: very high importance 

Incubator; 43,4

Sciencepark and 
Incubator; 11,1

Sciencepark, IPO and 

Incubator; 7,1

Sciencepark; 20,2

Sciencepark and IPO; 2,0

Intellectual Property 
Office (IPO); 7,1

Other; 9,1

Incubator: 62%

Science Park: 
40%

IPO: 16%

2,20
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Support in recruiting external resources
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Competition of business plans

Assessment of intellectual property
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Business mentoring and counceling 

Support at the exploration of technological opportunities

Access to knowledge insfrastructures and specialized 
competencies

Access to (in)formal business networks on national and 
international basis

Contact with a creative environment

Access to skilled labour (students)
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About 63% of the firms considered ‘Access to skilled labour (students)’ as an important or 

very important support mechanism associated to the S&T system. ‘Contact with a creative 

environment’ was also highly important for 60% of the firms, whereas about 55% of the 

respondent firms attributed high importance to ‘Access to knowledge infrastructures and 

specialized competencies’ and ‘Access to (in)formal business networks on a national and 

international basis’. 

According to the respondents, the most important obstacle to the firm’s development was of a 

financial nature (cash flow; capital investment; R&D investment), although governmental 

obstacles, namely regulations and bureaucracy were also perceived as highly detrimental to 

ASOs development (see Figure 4). The ASOs’ internal factors, namely related to market 

competencies (lack of knowledge/skills by the company's founders/managers in terms of 

marketing, sales and customer service) emerged as a reasonably important obstacle. Weak 

capacities for the development of commercial applications by universities (focus on non-

rewarded research aimed only at publication), and confusing and less integrated technology 

transfer policies and strategies were regarded as important obstacles to ASO development. To 

a lesser degree, although still important, a factor hindering the firms’ progress, from the ASOs 

viewpoint, was the too embryonic venture capital market.  

 
Figure 4: Obstacles to the development of their business as perceived by ASOs 

Note: 1: not an obstacle … 5: very relevant obstacle 
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4.3. Determinants of the economic performance of ASOs: estimation results 

The estimation of the econometric model based on linear regression identifies the critical 

drivers of the economic performance of Portuguese ASOs over the period in analysis, 2008-

2011. Given that the correlations between independent variables were not problematic as to 

posit multicollinearity problems in the econometric model, the estimated models included all 

the relevant variables. We nevertheless estimated five different specifications according to the 

S&T infrastructure the firms used: TTOs exclusively (Model 1), Science Parks exclusively 

(Model 2), Incubators exclusively (Model 3), two or more S&T infrastructures (Model 4), and 

any S&T infrastructure (Model 5). The models revealed a reasonable goodness of fit with 

57%-60% of the variance in economic performance being explained by the variables included 

in the models.  

Determinants related to the entrepreneurs’ characteristics received moderate support from our 

data. Quite unexpectedly, and in contrast with the existing literature (Colombo and Grilli, 

2010; Gimmon and Levie, 2010; Dahl and Sorenson, 2011; Ganotakis, 2012), the number of 

founders (Hypothesis 1) and their previous experience (Hypothesis 3) in the industry have no 

statistically significant impact on the ASOs’ economic performance.  

The type of human capital of the ASOs’ founder seems to matter for their performance, that 

is, Hypothesis 2 is corroborated. More specifically, ASOs associated with founders with 

economics/managerial degrees tend to outperform those whose founders possess other types 

of educational background. This result is in line with the literature as it is often argued that the 

success of this type of venture is highly dependent on the managerial and economics 

knowledge of the founding team (Colombo and Grilli, 2010; Ganotakis, 2012).  

In terms of business-related determinants, innovation, internationalization and demographic 

traits influence the economic performance of Portuguese ASOs in the period 2008-2011. 

Specifically, on average, and all remaining factors being constant, ASOs with higher business 

experience (that is, older firms) and that export tend to present higher levels of sales per 

worker, thus Hypotheses 8 and 6 respectively, are corroborated.  

In line with previous findings (e.g., Clarysse et al., 2011; Baum et al., 2000), the firms’ age 

has a strong positive impact on their economic performance, meaning that the more 

experienced an ASO, the better it performs. On the other hand, firm size seems, in contrast to 

the literature (Maine et al., 2010; Lee et al., 2001), not to have any statistical significance for 

ASOs performance. 
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The result that exporting ASOs outperform their non-exporting counterparts is very 

encouraging as export propensity is much more pronounced in ASOs when compared with 

other types of Portuguese firms. Given the not so bright prospect of the Portuguese internal 

market, particularly since the 2008 financial crisis, such a characteristic of ASOs raises new 

hopes concerning the improvement of Portugal’s external accounts. 

In contrast, ‘innovative’ ASOs did not emerge as the best performers in economic terms. 

Indeed, although positive, the estimates for R&D activities failed to be statistically 

significant, whereas ASOs that have registered patents between 2008 and 2010 presented 

lower economic performance than those that did not register patens. At first sight, such results 

seem illogical: both R&D activities and intellectual property protection are likely to offer 

significant economic benefits namely in terms of obtaining further financing and finding 

willing partners to support commercialization activities (Baum et al., 2000). However, in our 

sample, the vast majority of the firms which registered patents had not yet started to sell their 

products or were at the earlier stages of selling. It might be that for ASOs, more time is 

required for these registered patents to yield positive economic returns. 

As mentioned earlier, almost all (about 90%) of the Portuguese ASOs received support from 

some type of S&T infrastructure, whether they were TTOs, Science Parks, and Incubators 

exclusively, or in an integrated manner. Our results convey that although S&T infrastructures 

and support mechanism matter for the ASOs’ economic performance, which is in line with 

some existing literature (e.g., Ganotakis, 2012; Colombo and Grilli, 2010), not all types of 

infrastructure and mechanisms seem to be relevant for Portuguese ASOs in the period in 

analysis. We found that ASOs that received support exclusively from incubators tend to 

present on average higher sales per worker, which might be associated to having receiving 

business mentoring and counselling that are critical in the earlier stages of business 

development. The incubators tend to reduce the operating costs of tenant firms by providing 

facilities and shared services at low cost as well as aiding in market expansion; moreover, the 

incubator provides tenant firms with research and development support, which results in the 

enhancement of innovation capability (Kim and Jung, 2010). Albeit non-significant in 

statistical terms, support from TTOs and Science Parks (exclusively or in combination) 

emerged negatively related to the ASOs’ economic performance. This may be in line with 

Todd et al.’s (2008: 3) argument that such support removes start-up firms from the “harsh 

commercial environment where economic rationality and price-based decision making 

dominates”, and that supported firms might suffer from “product myopia… focus[ing] too 
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early on a product category or a market segment which precludes the possibility of 

development for other market opportunities.”   

Besides mentoring and counselling, access to skilled labour is one of the S&T support 

mechanisms that is strongly and positively associated to higher performing ASOs. 

Interestingly, ASOs that identified difficulties in dealing with business uncertainty as a key 

management obstacle to the firm’s development are the ones that perform better in economic 

terms. It seems that the recognition and awareness of business difficulties could be a first step 

to search for relevant support to overcome such hurdles. 

In relation to spill-over effects from universities, we failed to find any statistical evidence for 

the impact of university characteristics on the economic performance of their associated 

ASOs. The same occurs with regional spill-over effects, measured by the index of purchasing 

power per NUT III regions. Thus hypotheses H11 and H12 are not corroborated. The sector 

seems to be an important factor to explain ASOs’ economic performance. On average, and 

compared to ASOs from ICT/Software/ Digital Media, firms in Microelectronics/Robotics or 

Consultancy-related activities (including training and other specialized services) presented 

higher sales per worker. 

5. Conclusion and policy implications 

“After a remarkable effort in investment in research (effectively turning 

money into knowledge) the time has come for Portugal to take command 

of the imperative of turning knowledge into money.” (José Mendonça, 

Scientific Director for UTEN, UTEN 2006 - 2012: A Progress Report, pp. 2) 

An appropriate and efficient innovation system requires linkage mechanisms to facilitate the 

transfer of research results from universities to industry and the support of an institutional 

framework, especially with regard to the commercialization of innovation results (Calvo et 

al., 2012). 

Academic and political interest in academic spin-offs has increased significantly in Europe 

(Landry et al., 2006) and in Portugal (Fontes, 2005) in the last few years. These companies, 

created to exploit the results of scientific research, are considered important because they 

contribute to the creation of employment and wealth, and to local economic development, as 

well as being key instruments in the transfer of knowledge developed in academia which is 

crucial for innovation (Shane, 2004a). Academic spin-offs, therefore, can be considered the 

tangible evidence of the implementation of entrepreneurship in universities. In the Portuguese 
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case, the development of spin-offs is still incipient, although there is strong interest in their 

promotion and development. 

In Portugal, the creation of science and technology support infrastructures to foster the 

commercialization of science and academic entrepreneurship has been highly intensive in the 

last decade (Heitor and Bravo, 2010). Even though such infrastructures have been 

traditionally linked to economic growth and job creation (Phan et al., 2005), by the mid-

2000s, their impact on Portugal had been modest, and their contribution to job creation and 

economic growth was barely visible (Ratinho and Henriques, 2010).  

In order to foster knowledge-based innovation in Portugal, the Portuguese government has 

strived to not only to promote science and technology research activities, but also encourage 

the transfer of results to produce innovation, adding economic value to the scientific quality 

of research results through the establishment of a number of international programs, most 

notably the UTEN. Created in 2007 by the Portuguese Science and Technology Foundation 

(FCT) with the support of the Portuguese Institute of Industrial Property (INPI) and in 

partnership with the IC² Institute, the University of Texas at Austin within the scope of the 

International Collaboratory for Emerging Technologies (CoLab), the UTEN program is 

focused on building a professional, globally competitive, sustainable technology transfer and 

commercialization network in Portugal (UTEN, 2010). One of the program’s missions is 

“[p]romoting active support and mentoring for select and globally competitive Portuguese 

business ventures as well as the national and international promotion of technology portfolios 

from Portuguese research centers and universities.” (UTEN 2008-2009 Annual Report, 2009: 

4). 

In 2009, as part of the UTEN’s “Observation and assessment” activity, the first major data 

collection on Portuguese ASOs was initiated. This first and subsequent ‘censuses’ centred on 

ASOs associated with members of the network, namely universities and research institutes 

and connected S&T infrastructures (TTOs, Incubators and Science Parks). By 2011, about 

300 ASOs had been identified with the aim of conducting an in-depth analysis of their 

characteristics and to assess the determinants of their economic performance. A direct 

questionnaire was applied to the ASOs, to which about one third responded. 

The surveyed ASOs yielded rather negligible figures, both in terms of sales and employment. 

The largest ASO presented, in 2011, a turnover of 4.5 million euros and employed 103 FTE 

individuals. On average, the respondent ASO employed 9 individuals (FTE) and sold about 
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300 thousand euros in products and services. These ASOs, besides highly R&D intensive 

when compared to the average Portuguese firm, shared a very worthy characteristic: they 

were highly internationalized with almost half of the respondent firms exporting by 2011 (a 

much higher figure than the one obtained for the Portuguese SMEs in general, 10%). 

The econometric analysis further revealed the relevant role of certain types of S&T 

infrastructures and support mechanisms for ASOs’ economic performance. In particular, 

access to incubators and support, access to skilled labour, and support in terms of business 

mentoring and counselling emerged as significantly and positively related with ASOs’ sales 

per worker. 

Our descriptive and causality results show that the steady investment in innovation, not only 

in R&D infrastructures but also in training and improving skills of a younger generation in 

science and technology areas (Heitor and Bravo, 2010), although necessary, has not been 

sufficient to generate productive and value added companies. More has to be done to 

accelerate innovation and creation of economic and social value based on knowledge 

produced in Portuguese scientific and R&D institutions. Our results indicate that R&D and 

patents by ASOs have not yet yielded noticeable economic returns, highlighting these firms’ 

shortcomings and the weak linkages between Portuguese universities and industry. These 

linkages need to be strengthened and combined with the necessary targeting of international 

markets in R&D investments and innovation. In this sense, policies that bring firms and 

entrepreneurs together with the main players in the science, technology and innovation 

system, aiming to accelerate ideas and knowledge into internationally competitive ideas and 

products, are on pressing demand. 
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Appendix 

Table A1: ASOs’ performance: entrepreneur-related determinants  

Determinants 
Proxy/indicator for the 

determinant 

Unit of 

analysis 

(number of 

observations) 

Country 

in 

analysis 

Data 

gathering 

methodolog

y 

Method of 

analysis 

Proxy/indicator for 

performance 
Impact 

Authors 

(Year) 

Size of the 

founders team 

Number of founders (1: 
entrepreneurial founding team; 

0:single entrepreneur) 

Entrepreneurs 

(751) 

Companies 
(412) 

UK 
Direct 

questionnaire 
Quantitative 

Number of employees 

(log) 
++ 

Ganotakis 

(2012) 

Number of founders 

New 

technology-

based firms 
(439) 

Italy 
Secondary 

database  
Quantitative 

Growth of the number 
of employees and 

sales (log) 

++ 
Colombo 
and Grilli 

(2010) 

Number of founders ASOs (100) 
Netherlan

ds and 

Norway 

Direct 

questionnaire 

and 
interviews 

Quantitative 

International 

knowledge network 
(formal knowledge 

sources [yes/no]; 

spatial reach) 

--- 

Taheri and 

van 

Geenhuizen 
(2011) 

Education 

EFT’s General education 
(years) Entrepreneurs 

(751) 

Companies 
(412) 

UK 
Direct 

questionnaire 
Quantitative 

Number of employees 

(log) 

0 

Ganotakis 

(2012) 

EFT’s Technical education 

(years) 
--- 

EFT’s Business education 

(years) 
+++ 

Founders’ economic/ 

managerial education at 
university (years) 

New 

technology-

based firms 
(439) 

Italy 
Secondary 

database 
Quantitative 

Growth of the number 
of employees and 

sales (log) 

+++ Colombo 
and Grilli 

(2010) Founders’ scientific/ technical 

education at university (years) 
0 

Founders’ academic status (1: 
doctors/ professors, 0: no 

academic titles) 

High-
technology 

start-ups (193) 

Israel 
Secondary 

database 
Quantitative 

Survival (1: survived; 
0: not survived) 

Survivors (low growth 

vs high growth based 
on sales, employees or 

funding) 

0 
Gimmon 
and Levie 

(2010) 

Number of PhDs in the 
founding team 

ASOs (100) 

Netherlan

ds and 

Norway 

Direct 

questionnaire 
and 

interviews 

Quantitative 

International 
knowledge network 

(formal knowledge 

sources [yes/no]; 
spatial reach) 

+++ Taheri and 

van 
Geenhuizen 

(2011) 

Disciplinary background 

(0:technology; 

1:multidisciplinary) 

0 

Experience 

EFT’s managerial/ 

commercial experience (%) Entrepreneurs 

(751) 

Companies 
(412) 

UK 
Direct 

questionnaire 
Quantitative 

Number of employees 

(log) 

+ 

Ganotakis 

(2012) 

EFT’s technical experience 

(%) 
0 

EFT’s different-sector 

experience (%) 
- 

Founders’ technical 

experience (years) New 
technology-

based firms 

(439) 

Italy 
Secondary 

database 
Quantitative 

Growth of the number 

of employees and 
sales (log) 

++ 

Colombo 

and Grilli 
(2010) 

Founders’ commercial 

experience (years) 
0 

Founders’ different-sector 
experience (years) 

0 

Founders’ industry- related 

experience (1:technologist by 

occupation; 0: non-
technologist) 

High-
technology 

start-ups (193) 

Israel 
Secondary 

database 
Quantitative 

Survival (1: survived; 
0: not survived) 

Survivors (low growth 

vs high growth based 
on sales, employees or 

funding) 

++ 
Gimmon 
and Levie 

(2010) Founders managerial 

experience (1:experienced; 
0:inexperienced) 

+ 

Work experience (years) ASOs (100) 

Netherlan

ds and 
Norway 

Direct 
questionnaire 

and 

interviews 

Quantitative 

International 

knowledge network 

(formal knowledge 
sources [yes/no]; 

spatial reach) 

0 

Taheri and 
van 

Geenhuizen 

(2011) 

Same-industry experience 
(years) Start-ups 

(13166) 
Denmark 

Secondary 

database 
Quantitative 

Cash flows (1000 

DKr) 

+ Dahl and 

Sorenson 
(2011) 

Similar-industry experience 

(years) 
+ 

Region tenure 
Number of years the founder 

lived in the region he/ she 

established the business 

Start-ups 

(13166) 
Denmark 

Secondary 

database 
Quantitative 

Cash flows (1000 

DKr) 
+ 

Dahl and 
Sorenson 

(2011) 
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Table A2: ASOs’ performance: firm-related determinants  

Determinant 
Proxy/indicator for the 

determinant 

Unit of analysis 

(number of 

observations) 

Country in 

analysis 

Data 

gathering 

methodol

ogy 

Method of 

analysis 

Proxy/indicator for 

performance 
Impact 

Authors 

(Year) 

Source of 
creation 

Parent company (dummy) 
New technology-
based firms (439) 

Italy 
Secondary 
database 

Quantitati
ve 

Growth of the 

number of employees 

(log) 

+++ Colombo 

and Grilli 

(2010) 
Creation by academics 

(dummy) 
0 

Innovation 
position 

 R&D expenditure (% of 
income) 

ASOs (100) 
Netherlands 
and Norway 

Direct 

questionna
ire and 

interviews 

Quantitati
ve 

International 
knowledge network 

(formal knowledge 

sources [yes/no]; 
spatial reach) 

0 

Taheri and 

van 
Geenhuize

n (2011) 

Spending on 
R&D 

Amount of R&D 

investment, advertising 
expenditure, market 

research investment 

Technological 
startups (137) 

Korea 

Direct 

questionna

ire 

Quantitati
ve 

Sales growth +++ 
Lee et al. 

(2001) 

Innovative 

capability 
Number of patents 

Biotechnology 

firms (170) 
US 

Secondary 

database 

Quantitati

ve 

Total market value of 

company’s equity 
+ 

Zheng et 

al. (2010) 

Technological 

capability 

Number of internally 

developed technologies; 

of patents; of quality 
assurance marks 

Technological 

startups (137) 
Korea 

Direct 
questionna

ire 

Quantitati

ve 
Sales growth ++ 

Lee et al. 

(2001) 

Scope of 
technology 

5-point Likert-scale (1: 

specific product; 5: 

platform technology) 
University Spin-

offs (73) 
Belgium 

Direct 
questionna

ire 

Quantitati

ve 

Sales/ employment 
growth (founding-

2005) 

++ 

Clarysse  
et al. 

(2011) Newness of 

technology 

5-point Likert-scale (1: 

new technological 

knowledge; 5: existing 
technological knowledge) 

- 

Product 
innovation 

strategy 

Development of new 

products; variety of new 

product lines; new 
product introductions to 

the market; commitment 

to develop and market 
new products 

New technology 

ventures (202) 
China 

Direct 
questionna

ire 

Quantitati

ve 

Return on investment, 

return on sales, profit 
growth, return on 

assets, overall 

efficiency of 
operations, sales 

growth, market share 

growth, cash flow 
from market 

operations, and firm’s 

overall reputation  

+++ 

Li and 

Atuahene-

Gima 
(2001) 

Internationaliza

tion 

Intensity of a firm's 
foreign production 

presence by means of the 

shares of foreign assets 
and employees (FTE) 

Highly 

internationalizing 
corporations (85) 

US, France, 

UK, Germany, 
and Japan 

Secondary 

database 

Quantitati

ve 
Return on sales 

0 Garbe and 

Richter 
(2009) 

Spread of foreign 

operations (Berry Index) 
0 

Demographic 

traits 

Firms’ age (years) 

Entrepreneurs 
(751) 

Companies (412) 

UK 
Direct 

questionna

ire 

Quantitati

ve 

Number of 

employees (log) 
+++ 

Ganotakis 

(2012) 

Startup 
biotechnology 

firms (142) 

Canada 
Secondary 

database 

Quantitati

ve 

Firms’ revenue 

growth 
+ 

Baum et 

al. (2000) 

New technology-

based firms (439) 
Italy 

Secondary 

database 

Quantitati

ve 

Growth of the 
number of employees 

and sales (log) 

++ 
Colombo 
and Grill 

(2010) 

New technology-

based firms (451) 
US 

Secondary 

database 

Quantitati

ve 

Firm growth (average 

growth of revenues 
and employees) 

--- 
Maine et 

al. (2010) 

Corporate (43) and 

University Spin-
offs (73) 

Belgium 

Direct 

questionna
ire 

Quantitati

ve 

Sales/ employment 

growth (founding-
2005) 

+++ 
Clarysse et 

al. (2011) 

Firms’ size  

(log of FTE) 

ASOs (100) 
Netherlands 

and Norway 

Direct 
questionna

ire and 

interviews 

Quantitati

ve 

International 

knowledge network 

(formal knowledge 

sources [yes/no]; 

spatial reach) 

+ 

Taheri and 
van 

Geenhuize

n, (2011) 

Technological 

startups (137) 
Korea 

Direct 
questionna

ire 

Quantitati

ve 
Sales growth +++ 

Lee at al. 

(2001) 

Firms’ size (ln) 
New technology-

based firms (451) 
US 

Secondary 

database 

Quantitati

ve 

Firm growth (average 

growth of revenues 
and employees) 

--- 
Maine et 

al. (2010) 
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Table A3: ASOs’ performance: contextual determinants  

Determinant 
Proxy/indicator for the 

determinant 

Unit of analysis 

(number of 

observations) 

Country in 

analysis 

Data gathering 

methodology 
Method of analysis 

Proxy/indicator for 

performance 
Impact Authors (Year) 

S&T Support 

mechanisms 

Science park (dummy) 

Entrepreneurs 

(751) 

Companies 

(412) 

UK 
Direct 

questionnaire 
Quantitative 

Number of employees 

(log) 
++ 

Ganotakis 

(2012) 

Incubator (dummy) 

New 

technology-

based firms 
(439) 

Italy 
Secondary 

database 
Quantitative 

Growth of the number 

of employees (log) 
0 

Colombo and 

Grilli (2010) 

Network/ 

Cooperation 

Density (proportion of 

partners mutually 
connected)  

ASOs (100) 

Netherland

s and 

Norway 

Direct 

questionnaire and 

interviews 

Quantitative 

International 
knowledge network 

(formal knowledge 

sources [yes/no]; 
spatial reach) 

- 

Taheri and van 

Geenhuizen 

(2011) 

Frequency of face-to-face 

contact 
++ 

Duration of relationship 
(years) 

0 

Network heterogeneity 

(Herfindahl index of 
heterogeneity) 

Biotechnology 

firms (170) 
US 

Secondary 

database 
Quantitative 

Total market value of 

company’s equity 

++ 
Zheng et al. 

(2010) 
Network status (number of 

agreements with partners) 
0 

Relational dimension of 
access to information 

(support of personal 

contacts to get 
information) 

Entrepreneurs 

(282) 
Argentina 

Direct 

questionnaire 
Quantitative 

Number of employees; 

turnover; profits (% of 

sales) 

+++ 
Fornoni et al. 

(2012) 

Strong social ties with 

business partners 
Start-ups (82) Italy 

Direct 

questionnaire 
Quantitative 

Growth of total annual 

sales 
++ 

Pirolo and 

Presutti (2010) 
Number of new 

products, services or 

technologies 

-- 

Network efficiency 

(Hirschman-Herfindahl 
index) 

Startup 

biotechnology 
firms (142) 

Canada 
Secondary 

database 
Quantitative 

Firms’ revenue, R&D 

spending and patents’  
growth 

+ 
Baum et al. 

(2000) 

Formal cooperative 

agreements with other 

companies (dummy) 

Entrepreneurs 

(751) 
Companies 

(412) 

UK 
Direct 

questionnaire 
Quantitative 

Number of employees 
(log) 

++ 
Ganotakis 

(2012) 

Market 
condition 

 Biotechnology stock 
market index 

Biotechnology 
firms (170) 

US 
Secondary 
database 

Quantitative 
Total market value of 

company’s equity 
++ 

Zheng et al. 
(2010) 

Industry density Number of biotech firms 
Biotechnology 

firms (170) 
US 

Secondary 

database 
Quantitative 

Total market value of 

company’s equity 
0 

Zheng et al. 

(2010) 

Environmental 
turbulence 

Predictability of 

competitors’ actions and 
market demand (5-point 

Likert scale 1:high, 5: low) 

New technology 
ventures (202) 

China 
Direct 

questionnaire 
Quantitative 

return on investment, 
return on sales, profit 

growth, return on 

assets, overall 
efficiency of 

operations, sales 

growth, market share 
growth, cash flow from 

market operations, and 

firm’s overall 
reputation  

- 

Li and 

Atuahene-Gima 

(2001) 

Regional factors 

Distance (miles) from the 

nearest cluster 
New 

technology-

based firms 
(451) 

US 
Secondary 

database 
Quantitative 

Firm growth (average 
growth of revenues and 

employees) 

--- 
Maine et al. 

(2010) Hachmann Index (range of 
cluster activities) 

0 

Local development (per 

capita value added, share 

of manufacturing out of 
total value added, 

employment 
index, per capita bank 

deposits, automobile–

population ratio, and 
consumption of electric 

power per head) 

New 

technology-
based firms 

(439) 

Italy 
Secondary 
database 

Quantitative 
Growth of the number 

of employees (log) 
0 

Colombo and 
Grilli (2010) 

Sector 

Industry sector (1: new 

industries; 0: traditional 
industries) 

High-

technology 
start-ups (193) 

Israel 
Secondary 

database 
Quantitative 

Survival (1: survived; 0: 

not survived) 
Survivors (low growth vs 

high growth based on 

sales, employees or 
funding) 

+++ 
Gimmon and 

Levie (2010) 

Industry sector (1: human 

applications; 0:non-
human) 

Startup 

biotechnology 
firms (142) 

Canada 
Secondary 

database 
Quantitative R&D spending growth + 

Baum et al. 

(2000) 
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Table A4: Descriptive statistics of the model’s variables 

Determinant group Variables Mean Min. Max. 

Kendal's 

tau_b corr. 

Coef. 

Sig. (2-

tailed) 

Dependent variable Sales per capita (ln) 2.605 0.00 5.86 1.000   

E
n

tr
ep

re
n
e

u
rs

 

Number of founders Number of founders (ln) 0.934 0.00 2.10 -.100 .193 

Education 
Engineering (dummy) 0.682 0 1 -.004 .961 

Economics/management (dummy) 0.307 0 1 .110 .216 

Experience Founders have previous industry experience (dummy) 0.761 0 1 -.059 .505 

B
u

si
n
es

s 

Source of creation Created by firms vs academics (dummy) 0.250 0 1 .025 .776 

Innovation 
Patents registered (2008-2011) (dummy) 0.227 0 1 -.259*** .003 

R&D activities (2008-2011) (dummy) 0.693 0 1 .018 .842 

Internationalization 
Exports (dummy) 0.466 0 1 .228*** .010 

Market strategy (dummy- 1:global; 0:domestic/european) 0.682 0 1 -.109 .219 

Demographics 
Age (ln) 1.775 .693 2.83 .460*** .000 

Size (ln) 1.887 0.00 4.63 .211*** .005 

C
o
n

te
x
tu

al
 

S
&

T
 s

u
p
p

o
rt

 m
ec

h
an

is
m

s 
(d

u
m

m
ie

s:
 a

tt
ri

b
u

te
 g

re
at

 i
m

p
o

rt
an

ce
=

1
) 

S&T 

infrastructures 

support 

Received support  by TTOs only (dummy) 0.057 0 1 -.001 .993 

Received support  by Science park only (dummy) 0.193 0 1 .000 .996 

Received support  by Incubator only (dummy) 0.432 0 1 .213** .016 

Received support  by more than one S&T infrastructure 

(dummy) 
0.227 0 1 -.258*** .004 

Received support  by any of the S&T inf. (dummy) 0.909 0 1 -.010 .907 

Resource access  

Access to knowledge infrastructures and specialized 
competencies 

0.534 0 1 .098 .271 

Contact with a creative environment 0.614 0 1 .051 .562 

Access to skilled labour (students) 0.625 0 1 .093 .296 

Support in recruiting external resources 0.250 0 1 .043 .626 

Access to potential partners with business qualities .284 0 1 .011 .904 

Network & 

Business advice 

Competition of business plans .261 0 1 -.024 .783 

Business mentoring and counceling  .420 0 1 -.077 .388 

Access to (in)formal business networks on national and 
international basis 

.511 0 1 .003 .970 

Support at the exploration of technological opportunities .420 0 1 -.063 .474 

Financial & 
capital advice/ 

support 

Advice on access to public subsidies .307 0 1 .037 .680 

Financial support and access to venture capital and 

business angels 
.261 0 1 -.094 .289 

Share capital of the spin-off .159 0 1 -.159* .073 

IPR support Assessment of intellectual property .307 0 1 .041 .647 

  

O
b

st
ac

le
s 

fo
r 

th
e 

A
S

O
's

 d
ev

el
o
p

m
en

t 

U-I relations 
and 

competencies 

Weak relationship between university and industry .307 0 1 -.044 .618 

Portuguese universities' weak capacities for the 
development of commercial applications 

.455 0 1 .115 .195 

Institutional, 

regulatory and 
governmental 

Rigidity of the labor market .352 0 1 .085 .340 

Confusing and less integrated technology transfer policies 

and strategies 
.523 0 1 .193** .030 

Governmental obstacles, such as regulations and 
bureaucracy 

.591 0 1 .024 .789 

Financial 

Scarcity of financial institutions .330 0 1 .062 .483 

Embrionic venture capital market .455 0 1 -.005 .957 

Financial obstacles (cash flow; capital investment: R&D 

investment) 
.784 0 1 -.101 .253 

Obstacles related to the assessment of financial advice .375 0 1 -.113 .203 

Management, 

markets 

Obstacles related to the market .432 0 1 -.119 .179 

Managements obstacles (incapacity of dealing with 

uncertainty) 
.307 0 1 .172* .053 

Obstacles related to the assessment of advice on the 

markets 
.375 0 1 .077 .388 

Obstacles related to the assessment of operational advice 

(how to manage & sustain a business) 
.239 0 1 -.153* .085 

Physical/ 
Infrastructures 

Physical obstacles, such as distance from suppliers, 
Infrastructure markets, etc. 

.216 0 1 .040 .651 

University 

characteristics 

University’s accumulated international patents per 1000 

researchers in 2010 (ln) 
1.558 0.00 3.07 .014 .855 

University’s scientific publication indexed in ISI per 

researcher(2007-2010) (ln) 
1.320 .093 1.70 .071 .354 

Proportion of research centres classified as Very Good or 

Excellent by FTC 
.582 .375 .87 .086 .260 

Regional factors Located in highly developed regions 4.692 4.34 4.98 .240*** .003 

Sector (default: 

ICT/Software/ Digital 
Media) 

Energy/Environment/ Sustainability .182 0 1 .132 .138 

Bio/Pharma or Medical devices/diagnostics .148 0 1 -.086 .331 

Microelectronics/Robotics .080 0 1 .157* .077 

Agri-Food .080 0 1 -.028 .752 

Consultancy related activities including training 

and other specialized services 
.091 0 1 .028 .755 
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