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Abstract

New Technology-Based Firms (NTBFs) have gained easing economic relevance,
supported by the recognition that they play an irtgod role in national economies in the
appearance of both new, high technology products @nnew and emerging industries.
Despite their economic importance, a number ofrmdtive definitions for NTBFs are
referred to in the literature, many of them adjddtethe aim of the study or the sample under
observation. Such a lack of conceptualization otfl¢he variety of perspectives and interests
of researchers, and has led to the need for a @shiFamework to study NTBFs. Agreement
has yet to be reached on which are the key chaistate of NTBFs. This lack of consensus
in the conceptualization of NTBFs hinders the aaéguapplicability of the concept or a
comparison among the different existing studieseBlaon a sample of 30 Academic Spin-
Offs (ASOs), and applying the criteria inferred ceptually, it was possible to conclude that,
contrary to common wisdom, not all ASOs are NTB&dditionally, the ASOs classified as
NTBFs, according to our criteria, differ signifidgnfrom the other ASOs, presenting a
higher level of invested capital, higher R&D anteimationalization intensity, and founding
teams with a higher concentration of individualshwnanagement capabilities.
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1. Introduction

New Technology-Based Firms (NTBFs) have gainedeiasing economic relevance (Cooper,
1971; Autio, 1997a; Bollinger et al., 1983; Stosnd Tether 1998a; Grinstein and Goldman,
2006), supported by the recognition that they playmportant role in the competitiveness of
economies through the appearance of both new, teigfmology products and of new and
emerging industries (Cooper, 1971; Rothwell, 198@jo, 1997a).

Associated with the importance of NTBFs and thergerece of new industries, some authors
(e.g., Rothwell, 1989) refer to the Fairchild semarductor case-study, whose growth went
from sales of $0.5 million in 1960 up to $520 noilliin 1978, and the appearance of several
NTBFs as a group with significant economic impdgtother reference in the literature is the

case of the computer-aided design (CAD) industy e Computervision leadership in the

USA during the 1980s (Kaplinsky, 1981). Later, &a(1987) studied some of the then

considered ‘NTBFs’, like DEC, Hewlett-Packard andpfe Computer and the biotechnology

industry pioneer Genentech (Autio, 1997a). Thik Ibetween new technologies and new
industries reinforced interest in NTBFs (Dosi, 19Béthwell and Zegveld, 1985).

Despite the economic importance of NTBFs, many @stlie.g., Storey and Tether, 1998a;
Delapierre et al., 1998; Elorz, 2003; Grinstein &dldman, 2006) agree that the NTBF
definition is not simple and does not reflect hoergpus economic realities, with different

authors proposing distinct concepts.

The first definition found in the literature, asiag point in the conceptualization of NBTFs,
is described by Cooper (1971: 3): "a firm that eagibes research and development or that

places major emphasis on exploiting new techninal\tedge".

A few years later, the Arthur D. Little Group (197&ssociated NTBFs with independently-
owned businesses established for not more thare@g yand based on the exploitation of an
invention or technological innovation implying stdogtial technological risks. Later,
Shearman and Burrell (1988) referenced the terninas independent firms which are
developing new industries" (Storey and Tether, #99834), whereas Butchart (1987)

identified NTBFs as small and medium-sized firmsraging in high technology sectors.

Such early definitions of NTBFs reflect the diffigu in its conceptualization. Indeed,
performing a review of the studies on NTBFs spagrii6 countries in Europe, Storey and
Tether (1998a) confirm that those studies were dase high-tech SMEs rather than

‘NTBFs’, and in technology-intensive sectors insteaf new and emerging industries.



According to the same authors, those studies regteather weaknesses, including the fact
that they embraced both younger and older firmshaut providing any information about

the independently-owned status of firms.

The use of distinct definitions continues nowadayish researchers adjusting the concept to
the aim of their study or the sample under obs@EmwatSpecifically, Laranja and Fontes
(1998) and Fontes and Coombs (2001) explicitly sleWTBF definitions for the purpose of
their studies, with the latter study defining NTBKsthe context of less advanced countries,
as "young independent firms involved in the develept and/or diffusion of new
technologies” (Fontes and Coombs, 2001: 83). Thigerstanding about the NTBF
phenomenon in less advanced countries breaks thet dinkage between new technologies
and new industries and proposes an important colBITBFs as key actors in the diffusion of
technological knowledge developed in more advammEhomies (Laranja and Fontes, 1998;
Fontes and Coombs, 2001).

In sum, although NTBF is a common term in the ecoaooliterature and despite the
considerable research produced since the 1960sjefigition remains unclear and its
application strongly differs among authors, timel apace (Autio, 1997a; Bollinger et al,
1983; Storey and Tether, 1998a; Laranja and Foa@®38; Fontes and Coombs, 2001). This
lack of consensus in the conceptualization of NTBFevents adequate empirical application

and thus a fruitful comparison of studies in tinmel @pace.

This is the motivation and the challenge underlying present paper. Firstly, the existing
definitions of NTBFs are reviewed and systematiaedh a view to identifying the key
elements that could sustain a new or broader/ré\dsénition. Then, the definition proposed
is applied to a set of firms, small and high-tecim$, the so-called ‘Academic Spin-Offs’
(ASOs), trying to assess the extent to which thigig of firms might or not be categorized as
NTBFs. More specifically, which are the criteriatlacademic spin-offs have to comply with

or not so as to be categorized as NTBFs.

The study is structured as follows. In Sectionr2pgerview of the relevant literature on the
concept of NBTFs is presented, and a new/revisedeg is put forward, which includes the
main characteristics of NTBFs identified in theldture. Section 3 details the methodological
considerations, namely the proxies for the critesfaNTBFs classification applying a

bibliometric exercise. The main results of the ampl analysis are discussed in Section 4.



Finally, in Conclusions, the main contributions almiitations of the work, as well as

suggestions for additional research on NBTFs, atdgoward.

2. Towards a definition of NBTFs: a qualitative andquantitative review of the literature

2.1. The vagueness associated with the concept afB¥s

The sustainability of economic growth is importémeach individual economy and this is the
main issue in the literature that discusses theoitapce of NTBFs (Cooper 1971; Rothwell,
1989; Autio, 1997a; Storey and Tether 1998a; Hogad Hutson, 2005; Grinstein and
Goldman, 2006; Robb and Coleman, 2010). As Freefh883: 11) highlights, "economic
growth is not merely accompanied by fast growing medustries and the expansion of such
industries; it primarily depends on that expansiofitcording to this understanding, the
achievement and maintenance of sustainable ratggwth is directly linked to the capacity
of firms and other national actors to innovate degtelop new technologies, new products
and new industries (Rickne and Jacobsson, 1999arzg et al., 2010), assuming that
technological change is an important key factorthe explanation of economic growth
(Teixeira, 2012).

The issue here is that when we refer to "New TeldgysBased Firms", we do no often know
exactly what is meant (Autio, 1997a; Storey andh&et1998a). Frequently, a variety of
different concepts are used when analyzing newnmallsfirms with strong technological
focus (Rickne and Jacobsson, 1999), for exampie,teehnology-based firms (Autio, 19974a;
Laranja and Fontes, 1998; Fontes and Coombs, 26018l and medium technology-based
firms (Mason and Harrison, 1994; Dahlstrand, 1988)all technology-based firms (Meyer
and Roberts, 1986; Forrest, 1990; Klofsten and siavans, 1996), small technology-
intensive firms (Keeble et al., 1998), or high teclogy SMEs (Oakey, 1991).

The different concepts used in the literature irdaonfusion, denoting the absence of an
integrated and coherent theoretical framework. Trjglies that when analyzing conclusions
from different studies, generalizations are pratiycimpossible, as the samples studied are

not directly comparable (Storey and Tether, 1998a).

Another observed fact is that many authors adjustdoncept of NTBFs to the sample in
analysis (Storey and Tether, 1998a; Laranja andeSpri998; Fontes and Coombs, 1996,
2001; Rickne and Jacobsson, 1999).



In reviewing the literature on the concept of NTBEsvas possible to confirm little cross-
referencing, indicating that none of the definisgoroposed succeeded in being commonly

accepted by other researchers.

Despite the lack of consensus on the concept of f¢TBhere has been significant evolution

over the last 50 years, with the emergence of asingly complex definitions.

One first important commonality in all the surveystlidies (cf. Table 1) refers to the
importance of technology in this type of firms (@eo, 1971; Little, 1977; Autio, 1994,
Fontes and Coombs, 1996, 2001; Laranja and Foh8%8; Chamanski and Waag, 2001;
Candi and Saemundsson, 2008), or the exploitationews technical knowledge (Cooper,
1971, Little, 1977). In their empirical studies ?NTBFs, Autio (1994) and Fontes and
Coombs (2001) confirm the association of this tygefirms to the development and
exploitation of advanced technological knowledge.

It is important to note that the term 'new' may éhalistinct interpretations (see Table 1).
Some authors apply the term technology newneg$ontes and Coombs, 1996, 2001), or
simply adjust it to theouth of the firm(Rickne and Jacobsson, 1999). Cooper (1971),9n hi
conceptual proposal, suggests tigevness of the technical exploitatiovhereas Little (1977)
clearly refers to theyouth of the firm This potential duality of interpretations is alga
posited by Delaney (1993: 206), who suggests thav"technologies may be expected to be
brought to the market through new firms". Autio @B, confirming the ambiguity of the
concept, adopts and suggests an alternative teew,technology-based firm' (NTBF), in an

attempt to clarify this point (Hogan and HutsonQ&p

A large part of the studies (cf. Table 1) use #rent'new' to simultaneously dengteuth of

the firmandtechnological newnesgiowever, when analyzing some conceptual propasals
greater depth, an additional meaning arises fow*rie NTFBs - the emergence of ‘new
industries’ (Shearman and Burrell, 1988). Thus,dteceptualization of NTBFs may include

not just thenewness of the firmnd theechnologybut also of thendustry.



Table 1: NTBFs definitions
Studies Definitions Key dimensions of the definition

Firm that emphasizes research and developmenabpldéces major emphasis on exploiting
new technical knowledge.

Autio (1994) Business idea of the firm is essentially basedxmioéing advanced technological knowledge Technology
developed or acquired in a source of technology. intensive

Cooper (1971)

Independently-owned business established for noé than 25 years and based on the

Little (1977) exploitation of an invention or technological inatn which implies substantial technological knol:‘/vlévdge Independent
risks.
Bollinger et al (1983) New and |ndept_enden_t firm a_ssoplated with a smaligiof founders highly motivated to
explore a technically innovative idea.
Fontes and Coombs New/young and independent firms involved in theeleggment and/or application of new
(1996, 2001) technologies.
Shearman and
Burrell (1988)
Independent
Coeurderoy and
Murray (2008) .
- New firm
Candi and

Saemundsson (200¢

Chamanski and
Waag (2001)

Candi and
Saemundsson (2011

Maine et al. (2010) Small
Klofsten (1994) Competitive edge derives from engineering know-lubyweople who work in the firm and its Technology
subsequent transformation into products or senfimea market. intensive
Rickne and Firm whose strength and competitive edge derivas the know-how within natural science,
BEWENNINEECEM engineering or medicine of the people that worthifirm and its subsequent transformatio
1999) into products or services for a market.
S ELRUERYI Small and medium-sized firms operating in high tegbgy sectors.
- Small

Small firms with a higher inherent innovative pdtehthan large firms and small firms in

Oakey et al. (1988) general.




The interpretation aofiewnesgncompasses different perspectives and constanteaportant
discussion on the development of NTBFs in less ack@versustechnologically advanced
economies (Fontes and Coombs, 1996, 2001; Laramja Fontes, 1998), breaking the
‘traditional’ association of NTBFs with the introchion of new technologies and new
industries, becoming thus more related to technoébgacquisition, transformation and
diffusion. The association between new technologies new industries has been inflated in
Europe and even in the USA (Oakey, 1994), being limkage restricted in geography,
sectors and time-specific contexts.

Another key characteristic of NTBFs (cf. Table ¥ the independenceof the firm.
Accordingly, in a NTBF the capital must be mainlyred by the entrepreneurial team (Little,
1977; Shearman and Burrell, 1988; Fontes and Cooh®®&6, 2001). This characteristic has
its source in the seminal work of Roberts and We(h866), in their study on the spin-offs in
Route 128, clearly identifying a small nucleus ebple as NTBFs founders, and proving that
the firm was totally independent, in that it was mopart (or subsidiary) of a large firm
(Bollinger et al., 1983). In this sense, to be peledent means that the majority of the social
capital of these firms still belongs to the entegy@urial team (Rickne and Jacobsson, 1999).

It is also possible to identify the associatioN$fBFs with their size. Some authors, such as
Butchart (1987), Oakey et al. (1988) and, morentigeMaine et al. (2010), clearly define
NTBFs as small firms.

In sum, four central aspects are to be considefeshwdefining NTBFs: technology newness

and new industry emergence, age of the firm, sizkeofirm, and finally independence.

Adopting more encompassing definitions, some asthdentified characteristics related to
the high level of education and know-how associatgith NTBF founders. Laranja and
Fontes (1998: 1026) specifically mention "a smahture team with a strong educational
background in science and engineering”, and RiekeJacobsson (1999: 203) assume that
the "NTBFs competitive edge derives from the knawwithin natural science, engineering
or medicine of the people who work in the firm"dé&ed, some recent empirical studies
emphasise this aspect, arguing that specific huegital is more important for the
performance of NTBFs in relation to other aspeats] that the performance of a NTBF can
improve through the combination of heterogeneousgmplementary skills (Colombo et al.,
2004; Colombo and Grilli, 2005b; Ganotakis, 2010).



This initial overview of the concept of NTBF comfied the difficulty of a unique and
universal interpretation, and further indicated tththe construction of the concept
encompasses different dimensions. In order to gefearer and quantitative view on this
issue, a bibliographic exercise was conducted, hvisidetailed in the next section.

2.2. A quantitative/bibliometric account of the comrept of NTBF

A quantitative review was conducted on the charettes of NTBFs, supported by the search
and gathering of related papers published in ecamfoarnals. The search was based on the
bibliographic database SciVerse Scopus (from Edsgvrestricted to the subject area of
'Social Sciences and Humanitiés'.

The selection criterion was the expression ‘Newretogy-based firms' in the fields 'Article

title, abstract, keywords' and with no restrictionsterms of data range, for articles or
reviews. This search resulted in a set of 134 418 articles and 16 reviews, over a period
of 30 years (from 1981 to 2011). After reviewinge teelected articles, 25 records only
provided an abstract without public access to thpep In addition, 34 articles did not

propose a NTBF definition or the description of ftiddamental characteristics. We thus
excluded these articles from the analysis. In the, &5 articles comprised the basis of our

analysis (Figure 1).

75
34
24
13
. l
I
[1950; 1995] [1996; 2000] [2001; 2005] [2006; 2011] [1950; 2011]

Figure 1: Number of articles analyzed on the definion of NTBFs, 1990-2011

By comparing the number of analyzed NTBFs papeth all the papers gathered from
Scopus, over the same time period, and based ogsetireh keyword ‘innovation’, we found
that NTBF studies rose significantly in the periodm 1996 to 2000. In fact, whilst total
publications on the general subject of ‘innovationcreased by 191%, publications

1 SCOPUS is considered to be the largest abstractitation electronic database of peer-reviewentditire and
quality web resources. It contains nearly 19.500esti from 5.000 publishers worldwide. (Source:
http://www.info.sciverse.com/scopus/about, accesseti0 September 2011).



concerning NBTFs increased by 225%. However, siB081, this research topic lost

momentum when compared with total records on ‘iation’ (see Table 2).

Table 2: Evolution of the bibliographic database of SciVers&copus Publications

Periods NTBFg¥) Average Growth Innovation Average Growth
1990-1995 4 - 2.275
1996-2000 13 225% 6.610 191%
2001-2005 24 85% 10.953 66%
2006-2011 34 42% 20.214 85%
All_Periods 75 - 40.052

(*) We consider NTBF publications until 30_Sep_2011

The bibliometric exercise served to assess thearte of five key dimensions over time and
for the whole period considered, which, accordmghie literature surveyed (Section 2.1), are
directly associated with NTBF definitions: 1) teclogy newness and industry emergence; 2)
youth of the firm; 3) size of the firm; 4) indepamte of the firm; and 5) founding team’s

capabilities.
1) Technology newness and industry emergence

Several definitions of NTBFs focus on the "explbtta of new technical knowledge"
(Cooper, 1971: 5), or "exploiting advanced techgmal knowledge" (Autio and Yli-Renko,
1998a: 975), or mention the "development and/dusiibn of new technologies" (Fontes and
Coombs, 1995: 499; 2001: 83). Thus, one might arta¢ the dynamics of NTBFs are
directly linked to technology. Nevertheless, these a problem as to how to define

'technology-based' firms.

Generally, authors define a technology-based figradirm that depends on technology to
survive and grow. This perspective, however, dassnmean that the technology has to be
new (Dahlstrand, 2007); the key factor is thatftma depends on technology.

Some authors have employed the concept 'high-témtpyian order to reflect technological
newness. The operationalization of the conceptowahg Butchard's proposal (1987),
involves measures of resource inputs to high tdolgyo like investment in Research and
Development (R&D) and proportion of employees in R&L6fsten and Lindelof, 2001,
2003, 2005a, 2005b; Lindelof and Lofsten, 2002, £2@D06; Aaboen et al., 2006; Ganotakis
and Love, 2011).



The most frequent indicator of high-tech is basedte OECD classification (cf. Table 3).
Accordingly, industries are classified as high-teghen the R&D intensity ratio (R&D
expenditures by value-added, turn-over or saleghave 5% (Godin, 2004).

Table 3: OECD taxonomical categories

CATEGORIES R&D intensity (R&D expenditures/valuedad)
Low-tech industries 010 0.9%
Medium low-tech industries 0.9% to 3%
Medium high-tech industries 3% to 5%
High-tech industries More than 5%

Source Smith (2005).

An analysis of the articles confirms a growing asstion between NTBFs and ‘high-tech’
sectors. Although some authors consider the cleasdn of sectors into ‘high' and ‘low' tech
simplistic, because they fail to capture the dymanof innovation which are relevant in
sectors other than ‘high tech' (Laestadius, 1998&8hldrand and Jacobsson, 2003), this
association to NTBFs gained relevance throughomit2®00s, with almost three quarters of

the papers published in this period mentioning éisis key identifying dimension of NTBFs.

100%
0%
80%

45.2%

T0%

73.5%

(1990;1985) [1996;2000] [2901 2005! [2006 2011]

#13 =mDO NOT REFER H_’ YECH REFER H_TECH

Figure 2: Distribution (%) of articles by the ‘high-tech’ criterion, 1990-2011

As observed in Figure 2, 'high-tech' is increasingsed as a criterion for characterizing
NTBFs. In the period 1990-1995, no article expresassociated NTBFs to high-tech
intensity, whereas in the 2006-2011 period thi®ession represents 73.5% of the analyzed
papers.

Another operationalization of the ‘technology-badsatdhracteristic of NTBFs is the definition

by sector, materialized by aggregating the sanmptesmanufacturing and/or services.
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[1990; 1995]

51.5%

38.5%

[1996; 2000]

B7.5%

[2001: 2005]

(zo06: 2011]

B2.7%

All_periods
34 \ TP

#24
#a #13 = DONOT REFER SECTOR REFER SECTOR

Figure 3: Distribution (%) of articles by the 'Sector definition' criterion, 1990-2011

Excluding the initial period which encompasses ohlgapers, in the subsequent periods the
percentage of articles that associate NTBFs toctoise categorization of activities is quite
high, observing a quite stable figure (around 85%).

Analyzing Figures 2 and 3, we can argue that thgh-tech’ criterion is linked to the 'sector
categorization'. The analysis confirmed that peaftdr period several articles relate and link

these two dimensions for the study and selectiddT@F samples.

The first exercise, concerning sector identificaticomprised the analysis of the number of
publications that identified manufacturing or seed (cf. Table 4). Overall, ‘manufacturing'

and 'services' yielded 56 and 47 publications,aetbely.

Table 4: Evolution in terms of manufacturing and sevices identification

Sector Identification [1990; 1995] [1996; 2000] [2001; 2005] [2006; 2011 All Periods
Manufacturing 4 8 19 25 56
Services 0 6 17 24 47

Then, the authors’ choices in terms of sector moite were identified and systematized,
quantifying those articles that focus on econonaitvies in manufacturing and services (cf.
Figures 4 and 5).

Some authors, such as Shearman and Burrell (1888)e¢ NTBFs with new industries. This
relation seems too simplistic, to the extent thatn only be used for emerging industries (like
the medical laser industry) but it does not cornsidew firms operating in consolidated

industries.
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Analyzing this particular matter, our bibliometrieview confirms that authors identify a wide
range of sectors normally considered as ‘high-te@md ‘medium high-tech’), like
'Pharmaceuticals', ‘Aerospace’, 'ICT' industrieElectrical Machinery and Apparatus', 'Robotics

and Process Automation', and 'Chemistry’'.

All_Perio
ds (253)

13% 11% 9% 8% -- 6% 6% 5% . 4% 2%1% 9%
13% 13% 9% 8% -. 7% 4% 6% . 6% 1%1%A%806
- - R
4% 15% 15% 11% -- 7% 4% 4%
14% 21% - 7% 7% 7%

= ELEC_ELECTRONIC_COMPONENT PHARM_PHARMATEUTICALS BIOTECHNOLOGY MEDICAL_LASER_OPTICAL_INSTR

[2006;
2011]
(137)

[2001;
2005]
(75)

[1996;
2000]
(27)

"
S
£
a
X
#

[1990;
1995]
(14)

-
g

COMPUTER = TELECOM_EQUIPMENT = CHEMISTRY IcT
MECHANICS ROBOTICS_PROC_AUTOMATION w AEROSPACE NEW_MATERIALS
ENVIRNOMENTAL_ENERGY MICRO_NANO_TECH OTHER_INDUSTRIES FOOD_BEVERAGE

TEXTILES_CLOTHING

(n.2) - Total of selections by sector and period
Figure 4: Distribution (%) of articles by manufacturing sectors, 1990-2011

Over the analyzed periods, the manufacturing seatan be aggregated into two distinct
groups. The first group gathers the most frequad#wntified industries for the overall period,
1990-2011, like 'Electric and Electronics', 'Phacedical and Biotechnology', 'Medical and
Optical instrumentation’, ‘Computer’ or 'Telecommations’. This group seems to be the
most consensual in the NTBF studies, in the ldstein years, although their weight is
decreasing. Specifically, the 'Electric and ElesitadComponents' sector corresponded to 19%
in 1996-2000 and to 14%, in 2006-2011, being carsid in 41 studies over total period.
'‘Biotechnology' encompassed 15% in the 1996-200@gend dropped to 13% in the last

period of analysis, being associated globally @rstudies.

The 'Pharmacology and Pharmaceutical', 'Medicagrland optical instruments’, '‘Computer’,
and 'Telecommunications equipments' sectors presahble figures all round, 13%, 9%, 8%

and 7%, respectively.

2 The ICT classification includes a large numbereocbnomic activities, according to the Frascatti Man
(2002), which describes a list of industries boath nanufacturing and related services belongingh® t
Information and Communication Technology Sector IBIC Rev.3: for example, computer, electronic
components, telecommunications equipment, opticat/ical and electronic instruments.
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Our bibliometric exercise served to identify a setgroup of NTBFs associated with more
recent industries, such as 'Micro and Nanotechmedggand 'Environment and Energy'.
However, in the last period of analysis, some austladso associate NTBFs with firms that
introduce new technologies in less high-tech secdach as 'Textiles and Clothing' or 'Food

and Beverages'.

Hence, the industries’ distribution over the anatyzperiods confirms that NTBFs are
important not only for the introduction of new tectogies and new industries but also for
technological acquisition, transformation and dfén, in the sense that authors identify
NTBFs not only in 'new' sectors but also in 'oktters, confirming several conclusions from

the relevant literature (Fontes and Coombs, 19981 2Laranja and Fontes, 1998).

It is interesting to note that during the five-ygmariods in analysis, the number of sectors
identified as being associated with the NBTF labeleased continually. In the 1990-1996
period, NTBF samples associated with 8 differerttads were identified, whereas in the

2006-2011 period, 17 distinct sectors were mentione

The literature commonly associates NTBFs with fiopgrating in high-tech sectors, which is
in line with Butchard's conceptualization proposedl987 (see Table 1), related with both
manufacturing and services. In gquantitative terthe, analysis of the articles confirms that
NTBF samples from high-tech services started tetbdied in the 1996-2000 period, whereas
NTBFs operating in the 'Internet-based serviced' 'Multimedia’ sectors gathered greater
interest in the 2000s (cf. Figure 5).

All_Periods

(115) 37% 16% 14% 11% 7% 6% 5% 4%

[2006;2011]

(62) 32% 23% 8% 13% 8% 8% 3% 5%

[2001; 2005]

(34) 47% 12% 24% 9% 9%

[1996; 2000]
(19)

INF_SOFTWARE INTERNET_BASED_SERV TECH_CONSULTANCY TELECOM_SERV

MULTIMEDIA TECHNICAL_TESTING OTHER_SERV R_D

(n.2) - Total of selections by sector and period

Figure 5: Distribution (%) of articles on NTBFs in services, 1996-2011
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Although the analysis reveals ups and downs instilection of some activities across the
periods, ‘Information and Software' had a relativeight of 32% in 2006-2011, whereas
"Telecommunications services' reached 13%. Altholgformation and Software' was the
most cited sector in the high-tech services (42istuidentified NTBFs operating in this
area), 'Internet-based Services' recorded an imigeesecond position (18 studies overall),
with 23% of the total published papers in the 2@084 period.

2) Youth of the Firms

A quantitative analysis of our database revealtsttiea‘Youth of the firms’ seems to be the

most important dimension in what concerns the deralization of the NTBF concept.

Indeed, almost all the papers in our database tefére founding period in their definition of
NTBFs. Only twelve papers (of the 75) do not expliaddefine the founding period or age of
the firm. Nevertheless, although the founding dege/of the firm is the most recurrent
dimension in the studies surveyed, the age intetvakidered in each study differs — see

Figure 6.

250%

154%

25.0%

12.5%

[1990; 1995) [1996;2000] [2002; 2008) [2008;2011]

wNEW1_10 « NEWL 15 wNEWL 25 «No ident

24 #75
#a #13 #34

Figure 6: Distribution (%) of articles by ‘firms’ n ewness’ criterion, 1990-2011

Three distinct options in terms of time intervats NTBF age were identified: ‘one to ten’,
‘'one to fifteen’ and 'one to twenty-five' years.

The analysis of the articles reveals that 41 pagefine NTBFs based on a ‘one to ten' year
period? For the total period in study (1990 to 2011), 94.@f the total papers define NTBFs

% The database categorization was particularlydiiffifor this criterion. In the analyzed articl&TBF samples
were obtained from specific databases or from @aer case studies, covering distinct founding slatb'e
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based on this particular time span (cf. FigureD@spite this general conclusion, the evolution
is not regular, registering a peak in the 1996-2080od, when it accounted for 76.9% of the
papers employing this characteristic with referetacéhat period. The 'one to ten' year time
interval lost some importance from the 1990s to0200

The only argument sustaining the choice of the torten’ year period is explicitly referred to
by Yli-Renko et al. (2001: 539), who argue thate"ten year upper limit is consistent with
previous research on entrepreneurial firms (e.gvitCand Slevin, 1990; Ostgaard and Birley,
1994)".

Our bibliometric analysis also confirms that sonu¢hars associate the NTBF concept with
the definition of start-up (Lynskey, 2004; Colomaad Grilli, 2005a; Aspelung et al., 2005;
Fukugawa, 2006; Colombo et al., 2010; West and N2@09; Gao et al., 2010; Piva et al.,
2011). But once more, the definition of start-upras to differ across authors. Despite some
vagueness that still remains, the term start-usiglly associated with a business at an initial
stage of life. Almeida et al. (2003, in Teixeiradahavares-Lehmann, 2007) and Oliveira and

Teixeira (2011) associate this initial stage tam fwith 10 years or less.

Although the 'one to ten' year span gathers thieoasitpreferences globally, it is important to
highlight that the ‘newness’ criterion encompasshkstinct time approaches, as noted

previously.

It is possible to identify a second group of sted{e.g., Hogan and Hutson, 2005, 2006;
Colombo et al., 2006; Colombo and Grilli, 2005a0210, 2006, 2007, 2010; Bertoni et al.,
2010, Bertoni et al., 2010, Bertoni et al. 2011n@&akis and Love, 2011) that base their
definition on Little's proposal (1977), which defsa "NTBF as a business established for not
more than 25 years" (Lind#land Lofsten, 2002: 145). This option seems to be increfhgi
chosen by researchers: the associated weight sextedmost four times from the 1996-2000
period to 2006-2011, from 7.7% to 29.4%. On the l@hihis time interval was used in 22.7%

of the total articles.

The studies based on the RITA (Research on Entreprship in Advanced Technologies)
database, developed at tRelitecnico di Milang includes firms established in the 1980s and
1990s.

decided to systematize the firm’'s age into 'onéet®d, ‘one to fifteen' and 'one to twenty-five' ggeéfollowing
Little's proposal), in terms of mean or absolutkies.
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Finally, a third category of papers was identifiethich focus on the NTBFs defined
according to the 'one to fifteen' year criterioeg($igure 6). Fontes and Coombs (1995, 2001)
use this criterion, as well as by Pfirmann (198%2), who mention that "the survey
comprised firms which were no older than 15 yeaast] Aspelund et al. (2005). In the early
1990s, there seems to have been some intereseirotie to fifteen’ option, but it lost
importance in the following two periods, in 19960P0and 2001-2005, decreasing to 15.4%
and 12.5%, respectively. In the last period, nenexice to this 'New 1_15"' was found. For the

whole period, this time interval was used in 8%haf articles, representing 6 items.

Summing up, although Little's proposal has obtainedeasing attention from authors, being
the only definition that clearly defines the agéecion, the bibliometric analysis highlights
that the 'one to ten' year period is the most eetly employed basis for firm age, meaning

that NTBFs are mostly considered ‘start-ups’.
3) Size of the firms

NTBFs are often defined as small and medium firBig¢hart, 1987; Oakey et al., 1988) or
initially small firms (Maine et al., 2010), linkinlgvo important aspects - youth and smallness.
Storey and Tether (1998b: 1057) clearly assume NT&F'new and small technology-based

firms".

We consider the European Commission (EC) (2003ggoaization which encompasses
micro, small and medium-sized enterprises, compgigirms that employ fewer than 250
workers. Within this SME category, a small firm doys fewer than 50 people and a medium

one employs (more than 50 but) fewer than 250 geopl

Around forty papers (54.7% of the total) refer be tsize of the NTBFs, measured by the

number of employees (cf. Figure 7).
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Figure 7: Distribution (%) of articles by size (nunber of employees), 1990-2011

The existing empirical studies comprise samplesfimhs that are mostly small (37),
representing 49.3% of the total, and about 90%hefstudies mention firm size; only two

studies mention 'medium’ firms and another twoistitiarge' firms.

In dynamic terms, there was a relative tendenayetglect the size dimension — the weight of
the studies that do not use this particular dimr@mngicreased drastically over time, from 0%
in the 1996-2000 period, to 64.7% in the most repeniod.

Size can also be operationalized by total annualoiter (EC, 2003). According to the EC
(2003), the category of micro, small and mediunediirms (SMEs) is composed of firms
which have an annual turnover not exceeding EURBBoN, and/or an annual balance sheet

total not exceeding EUR 43 million.

Only a marginal fraction of the records on NTBFsasiders size in terms of turnover - such a
dimension is present in only 7 studies (Autio, 1§9&utio and Yli-Renko 1998a, 1998b;
Autio and Lumme, 1998; Kollmer and Dowling, 2004 d#4n and Hutson, 2005 and Maine et
al., 2010), representing 9.3% of the total (cf.ure8).
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Figure 8: Distribution (%) by size (turnover), 19902011
4) Independence of the firm

Another matter the authors pay particular attentam the sample identification concerning
NBTFs is the independence of the firm. Little (1p&Xplicitly identified this characteristic
when he proposed the definition of NTBF.

The Bolton Committee (1971) defined a (small) fiasran independent socio-economic unit
in the sense "that it does not form part of a lamygerprise and owner-managers are free
from outside control in taking their principal deicins" (Stanworth and Curran, 1976: 96).
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Figure 9: Distribution (%) by Independence criterion, 1990-2011

Following Little's definition (1977) of NTBF as amdependently-owned business, it is

critical to guarantee that they do not belong karger enterprise.

The independence criterion emerges as a fundaméimansion in 44 of the 75 records in

our database. Following the literature in the ati@ia,dimension was measured in two ways:
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1) independence as a single branch, which doeketohg to a group or is not a subsidiary of
multinational or larger firms (e.g., Autio and Luram1998; Almus and Nerlinger, 1999;
Lindelof and Lofsten, 2003; Dettwiler et al., 2006; Fukugawa, 2006eurderoy and Murray,
2008), and

2) the majority of the capital structure belongsthe founding team (e.g., Fontes and
Coombs, 1995, 2001; Igel and Islam, 2001; Colomtmb Riva, 2008; Colombo et al., 2010;
Brinckmann et al., 2011; Ganotakis and Love, 2011).

It is important to note that some difficulties avbserved when measuring this dimension
since, although independence might be guarantette atate of establishment, it is difficult

to ensure that the same remains true by the enttheofobservation period (Fontes and
Coombs, 1995, 2001; Laranja and Fontes, 1998).

Our bibliometric exercise confirms the associatbthe NTBFs’ independence criterion with
distinct groups of firms. Studies which include gdas from Finland, Sweden or Germany,
choose the single branch dimension, whereas ItaliaRortuguese samples are associated

with Little's proposal.

Figure 9 shows that the independence criterioncéestsal with the single branch condition
gathers 34.7% of total articles, although the r@hee of this categorization changes over the
period considered: 46.2 % in the initial period4&2000) down to 17.6% in the last period
(2006-2011). In contrast, the criterion for indegemnce, focused on capital majority, observes
an increasing trend, with 7.7% in the 1996-20000ok@and 32.4% in 2006-2011.

5) Founders characteristics

Many authors sustain that perhaps more importaam technological knowledge for the
success of NTBF businesses, are their capabiitielshuman capital (L6fsten and Lindelof,
2001; Colombo and Delmastro, 2002; Oakey, 2003;teccand Butler, 2005; Roskos and
Klandt, 2007; Brinckmann et al. 2011), particularthe knowledge and experience that
enable firms to adapt successfully to changesdnnelogy and markets (Colombo and Grilli,
2006, 2010; Ganotakis, 2010; Taheri and Geenhui&t,).

The human perspective encompasses different diorehand may include endowed abilities,
experience, trained skills, attitudes and behavi@avenport, 1999), or highlight new
features such as individual motivation, ambitior &adership (Mayo, 2001; O'Regan and
Ghobadian, 2006).
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Several studies (e.g., Colombo and Grilli, 2005@nBhi et al., 2011; Brinckmann et al.,
2011) emphasize the characteristics related toga hevel of education and know-how
associated with NTBFs founders. In this perspecfivas are bundles of unique, difficult-to-
imitate capabilities that are the main source dirtlsustainable competitive advantages
(Grant, 1996). These distinctive capabilities ofB¥E are closely linked to the knowledge
and skills of their founders, and thus to their lamncapital endowments (e.g., Colombo and
Grilli, 2010; Ganotakis, 2010; Taheri and GeenhujZ2011).

In terms of the operationalization of the NTBF ogpi; we confirmed that although many
authors reinforce and study the linkage betweentgbbnological base of the firm and the
scientific background of its founders (e.g., Dorskand Segers, 1990; Pfirmann, 1999 and
Igel and Islam, 2001), human capital traits andabdjlies of NTBF founders are seldom

incorporated in the proposed definitions (cf. Feguo).
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Figure 10: Distribution (%) of articles referring t o the human capital dimension, 1990-2011

Only 9 papers (12% of the total) in our databas®nporate this specific dimension in the
NTBF definition.

Although a large number of studies have indeed wheciied that skilled human capital is a
sine qua norcondition for NTBF creation (Baptista and Mendgn2@10; Piva et al., 2011),

the inclusion of the human dimension in the NTBFErdi&on is scarce.

[

A large number of NTBF definitions exist and aret wonsensual on which dimensions
should be included. Based on the NTBF literatuuéere and on the bibliometric analysis, we

confirm the specificity of the concept of NTBF athe difficulty in its operationalization.
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According to the bibliometric exercise undertakin criteria associated with the concept of

NTBF are the following:

1) Technology newness and industry emergence opeadized in terms of sector definition
and high-tech measures;

2) Youth of the firm defined in terms of newnes\NdBFs (mean age of the firms);

3) Size of the firm in terms of number of employeesd sales;

4) Independence of the firm reflected by the faett the majority of capital belongs to the
NTBF teams;

5) Human capital of the founding team.

Within this list, as Table 5 shows, the most fratlyeused criteria in empirical studies in the
area are 'newness’, 'sector' definition and 'legh‘tassociation, each recording relative values
above 70% in the 2000s.

Table 5: Different dimensions of the NTBF conceptualization- Systematization by number (and %) of

articles
NTBFs Dimensions [1996; % [2001; % [2006; 2011] % All Periods (number of
2000] 2005] articles)
Newness 13 100% 21 87,5% 27 79,4% 64
Sector 8 61,5% 21 87,5% 29 85,3% 62
High-Tech 6 46,3% 17 70,8% 25 73,5% 48
Independence 7 53,9% 19 79,2% 17 50,0% 44
Size Employees 13 100% 14 58,3% 12 35,3% 41
Human Capital 3 23,1% 2 8,3% 4 11,8% 9
Size Sales 4 30,8% 2 8,3% 1 2,9% 7

Note - % defined by weighting the value obtainedach criterion and the absolute no. of publication

The bibliometric review also identified a secondouy of NTBF characteristics,
'independence’ and 'size' (measured in terms obauwf employees), that had lost relative

relevance over the period in analysis.

A third group of characteristics, 'human capitald dsize', measured in terms of NTBF
turnover/sales, reveals low representativenesisaroperationalization of the NTBF concept.
Concerning this latter group, 'human capital' hesnbnevertheless gaining some relevance in
defining NTBFs in practice, especially in the pds®001-2005 to 2006-2011.

In Section 4, we assess whether a group of untyesgin offs can be considered NTBFs

according to the criteria found above and estallishmain differences between academic
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spin-offs classified as NTBFs and non-NTBFs. Bustfi the next section describes the

methodology.
3. Methodological underpinnings

The expression ‘New technology-based firm’ (NTBBsgommonly used in economics, but it
is also supported by different conceptual undeditays (Autio, 1997a; Storey and Tether,

1998a), as the analysis presented in Section 2romfThe bibliometric exercise undertaken
previously allowed us to arrive at a pragmatic eptof NTBFs based on a set of criteria put
forward by the studies surveyed.

Based on the set of criteria identified, we classifgroup of firms which are likely to be
considered as NTBFs: the firms (‘facademic spinjolif&€ated in UPTEC, an incubator and

science park of the Universidade do Porto (UP).

The UP manages four different incubation centersRatto Science and Technology Park -
UPTEC Incubation Centers), each of them operatirgpecific economic areas:

1) Sea Incubation Center - UPTEC MAR;

2) Creative Industries Incubation Center - UPTER®]

3) Technological Incubation Center - UPTEC TECH,;

4) Biotechnological Incubation Center - UPTEC BIO.

Sixty-six firms constituted the universe of incudmhfirms at the end of 2010, encompassing a
wide diversity of industries and technological dil This is a suitable set for our exercise. As
mentioned earlier, the aim of this paper consistsisessing the extent to which this group of
firms might be categorized as NTBFs or not, aceaydo the set of criteria that emerged from

the literature review on NTBFs.

For this purpose, we constructed a questionnainichwvas tested with a firm incubated at
the UPTEC Centers. The purpose was to evaluateldhigy of the questions and to introduce
improvements in the initial proposal. An intervievith the founding team served to confirm
some problems related with specific questions aniaittoduce additional questions in order

to gather information that would be interestingdar study.

The questionnaire was composed of 4 groups of gusstdetailing the main proxies to
operationalize the NTBF characteristics.

The first group intended to identify the firm, caiming questions regarding year of

establishment, social capital structure, foundeet and number of employees, activity and
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financial data, covering turnover, R&D, exports guatents. All these questions aimed to
compare the firm’s evolution between the estableshindate and the end of 2010, except for
the financial data, which compared figures obtaimethe first year of sales with the final
year (2010).

In order to assess the firm's technological skilis,second group of questions focused on the
initial founding team in terms of qualificationsdascientific knowledge, and the third group
proposed to evaluate the resources brought toubiméss by each founder and to analyze the
impact of professional experience on the team’ssutution. The fourth part of the
guestionnaire aimed at understanding the origitheftechnology and knowledge underlying

the firm’s sustainability.

After the pilot phase, the final questionnaire \gast to 58 firms by email between™&nd
30" June 2011.

The firms were chosen following a prior selectiomhich excluded projects in a pre-
incubation phase (3 projects), associations (2epts), specific projects to support R&D in
partnership (2 projects) and a branch in Portuga multinational in théiopharmaceutical
research field. During July 2011, the data gatlgeprocess entered a final phase and all the
firms were contacted again by email and then bynphdt the end of the process, 30

responses were obtained, representing 51.7% ¢étbet population.

The responses were quantitatively analyzed andyteaps were created: those categorized as
NTBFs and those that were not considered NTBFerAfirds, we assessed which were the
key factors that distinguished these groups andgaed with an in-depth study of these two

groups of firms.

4. Empirical results

4.1. Discovering NTBFs in practice

The respondent sample comprises 30 firms, foundstdviden 1994 and 2010, with 99
founders at the date of establishment. Analyzimgititial founding team, 92 of the founders
are individuals and the other 7 are venture capmtalieties (3), a university, one R&D

institution and firms (2).

By the end of 2010, these firms employed 152 warkereaning that the firm's average size is
around 5 employees. About 89% of the total emplsyee university graduates.
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The respondent sample includes only small firms, anthin this particular category, 29 of
them are micro firm§.Although four firms employ more than 10 peoplelyoone of them

obtains simultaneously an annual turnover above EZWRIlion.

A significant proportion of the respondent firmsldmgy to the ‘Information and Software

services' sector (33.3%), followed by the 'Enviremtal technologies and energy' (20.0%),
'Internet-based services' (13.3%) and ‘Multimeif.0%) sectors. The 'Biotechnology' and
‘Telecommunications services' sectors represed @#ch. Finally, sectors such as 'New
materials’, 'Medical devices and instrumentati®®®D" and 'Edition’ have residual positions,
with 3.3% each. Hence, the UPTEC sample is in Viith the information gathered in the

bibliometric exercise (Section 2), regarding thé&vity sector. Indeed, the 'Information and

Software services', 'Internet-based services' Bhdtiimedia' sectors emerge as prominent.
Notwithstanding, the 'Environmental technologied anergy' sector holds a more important
position in the UPTEC sample that it did in thelioimetric exercise, and the 'Biotechnology’

sector has a less relevant position. Globallystraple is composed of 10 different sectors.

As mentioned previously, all the firms in our saen@ire small, with the majority being
microenterprises, according with the double crtgrioposed by the EC (2003) — see Table 6.

Table 6: Sample classification according to NTBF charactertics

High- . .
Sample 0 .
. _p . Newness Tech R&I.D Independence Size (n Size (Sales) Human Cgpltal_
Classification [1_10] Ratio Employees) Dimension
Sector
Criterion 29 29 17 28 30 30 29

Almost all the respondent firms are start-ups (ldss1 10 years in business) belonging to

‘high-tech’ sectors/industries.

Taking into account of the 'Independence’ criteeanludes two firms from the category of

NTBF, whereas the 'Human capital criterion' cufsok firm from the NTBF classification.

Summing up, we found that the criterion that impabie most on the final classification of
the NTBFs is the 'High-Tech' definition, applyifgetOECD categories (cf. Table 2).

Taking all the criteria into account, we conclutiattonly 14 of the 30 firms in the sample

could be classified as NTBFs.

* According to the EC (2003), a microenterpriseafired as an enterprise which employs less thapebple
and whose annual turnover and/or annual balane shtal does not exceed EUR 2 million.
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In what follows, the categorization of the firmsM$BFs is explained and detailed for each
criterion: Newness; High-Tech Sector and R&D ratlogdependence; Size (number of

employees and sales); Human Capital.
1) Youth of the firm (Newness)

Using the same time reference as in the bibliometxiercise (Chapter 2), we distributed the

UPTEC sample using five-year periods (cf. Figurg 11
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Figure 11: Number of firms by establishment date, 990-2011

The sample is constituted by start-ups, the mgjofitvhich were established in the last five-
year period. The firms in the sample are, on awerag years old.

Hence, the 'Newness' criterion is confirmed in gagticular sample.
2) High-Tech Sector and R&D intensity

Our bibliometric review confirmed the difficulty obperationalizing the criterion of
technology intensity and also the fact that autlaggly similar indicators that fall into two
distinct groups, as noted by Monck et al. (1988,Liofsten and Lindelof, 2011: 312):
"measures of resource inputs to high-technologyvigct such as R&D effort, R&D
expenditure and employment of qualified personmal aecondly measures of output or
performance of high technology firms, such as ghorates, patent records and technological

innovations".

12 of the 30 firms in the sample do not have inwesits in R&D and, in one case R&D
expenditures represent less than 5% of sales. UkieagOECD taxonomy (cf. Table 2),
NTBFs should have a R&D ratio above 5%, that igytlare ‘High-Tech’ in the OECD
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nomenclature. 7 of the 18 firms that perform R&Diaties present an atypical R&D ratio

(well above 100%), as they do not (yet) have salescord insignificant sales.

Analyzing the sample and their core-business d&syi 29 firms are classified as NTBFs
when looking at their sector characteristics. Maoyhors who studied the NTBF concept
(e.g., Laestadius, 1998; Dahlstrand and Jacob2883) find this particular classification too

narrow.
3) Size of the firm

NTBFs are often defined as small (Storey and Tett@98b), medium-sized firms (Butchart,
1987; Oakey et al., 1988), or initially small firrfidaine et al., 2010).

Although this characteristic has lost relevancer dhre five-year periods in study, all the firms
in the UPTEC sample are small, in terms of both Inemof employees and sales, being most

of them microenterprises.
4) Independence of the firm

Little's NTBF definition was the most referred to our bibliometric exercise when we
analyzed the firms’ independence since severaloasittefer to NTBFs as an independently
owned business (Lofsten and Lindel6f, 2001, 2008d&l6f and Lofsten, 2002; Hogan and
Hutson, 2005, 2006; Aaboen et al., 2006; Colombalgt2010 and Ganotakis and Love,
2011). This definition encompasses two dimensicih& group independence and the

importance of capital majority.

The Bolton Committee Report (1971) and the Le Coehwal. (1996) study, both cited in
Hogan and Hutson (2005: 372), conclude that "theagarial independence is an important
characteristic in small businesses". Under thisgpexttive, "independence was found to be the
most important non-financial objective, (...), andical to understanding the observed capital
structure of SMEs".

The sample was then analyzed under these two digtérspectives and it was found that no
firm belongs to a large firm or multinational. lartns of structures of social capital, two

companies had partners but with minority particgrat

Participations in the capital structure of the 8rimy venture capital societies were identified
in the UPTEC sample. The participations guararttae companies do not belong to a group
or multinational, but do not guarantee the capitajority, because the venture capital

investors do have representatives in the firmsficoimg that the managerial independence
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concept is not fulfilled. In fact, when NTBFs obtaventure capital equity, the founding
teams should accept the loss of some control obtisness (Minola and Giorgino, 2008).
However, since venture capital participations ardeustood to be temporary, we considered
the two firms that were participated by venturei@gocieties as NTBFs.

5) Human capital

The founders’ human capital is recognized as agwyrasset for the competitive advantage of
a NTBF (Cooper and Bruno, 1977; Colombo and Gra006, 2010), "as it is believed that
only individuals who hold technical qualificatioasthe highest academic level will be able to
form NTBFs, with the ability to exploit leading-eelgechnologies and therefore introduce
radically new and technologically complex, innovatiproducts to a market" (Ganotakis,
2010: 4).

Nevertheless, several authors argue that the témdinal advantage may not be sufficient to
successfully direct products or services to the ketarin certain cases, the so-called
'technological myopia' emerges, progressively aereid as a critical key to the success of
firms (Miller, 2002; Antoniou and Ansoff, 2004). iBhoccurs because the strategic direction
of NTBFs must be determined by anticipating theuetneeds of the environment and

markets, not only by identifying technological tdsn

Hence, in order to have success in exploiting nesiness opportunities, complementary
context-specific knowledge (e.g., marketing, manag®, strategy or property rights), that is
generally dispersed among different individualsedse to be combined and integrated
(Colombo and Grilli, 2010; Bianchi et al., 2011).

In this line of reasoning, we analyzed the initedms and identified the elements with strong
connections to engineering and sciend#hough, as noted previously, the technological
dimension may not be sufficient, in general, awthagree that it is necessary to exploit
leading-edge technologies (Colombo and Delmast@®22 Ganotakis, 2010; Piva et al.,
2011). Under this criterion definition, 29 firmsaronsidered NTBFs.

4.2. Distinguishing NTBFs from non NTBFs in a sam@ of academic spin-offs

In the previous section, based on the criteriaagathin the literature review and bibliometric
exercise, we classified the academic spin-offs testan UPTEC into two main groups:
NTBFs and non NTBFs. At the end of the procesdijriis were classified as NTBFs and 16

were not.
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In the present section, we intend to identify treamcharacteristics of the two groups.

Given the small sample size, the Kruskal-Wallis pamametric test was used to examine the

differences in mean of a set of relevant variatées., Maroco, 2010).

The incubation phenomenon is recent in the Unitieis Porto and the UPTEC incubation

centers exist since February 2007.

As mentioned earlier, the incubated firms are, eneagal, start-ups. No statistical difference
emerged in this regard between the NTBFs (3.4 yiearssiness) and non NTBFs (4.2 years

in business) (cf. Table 7).

Regarding the general characteristics of the acadspin-offs located at UPTEC, the only
two characteristics that emerged as distinctivatiftcally, at 5% significance) is the amount
of capital both at the beginning of the business ainthe end of 2010. Indeed, the Kruskal
Wallis test shows that the NTBF founders investesilastantially higher amount of capital
that their non NTBF counterparts — about 4 timghéi.

The size of the founding team (about 3 individualshe beginning and in December 2010)
and the size of the firms (almost no employeeshi liusiness’s starting phase and 5 by
December 2010) are similar between the two grolips. is also the case with the number of

employees with tertiary (or higher) formal qual#imons.

Table 7: General characteristics of the categories of firms

. NTBFs Non NTBFs
Variables p-value
Means Means

Age 34 42 0,898
Capital _Constitution_Date 42.160 . 10.996€ 0,038
Capital_Dec_2010 96.82 | 26.179€ 0,018
Founding_Team_Constitution_Date 35 31 0,332
Founding_Team_Dec_2010 33 29 0,564
Employees_Constitution_Date 0,6 0,8 0,850
Employees_December_2010 45 57 0,600
Undergraduate_or_Higher_Constitution_Date 05 0,7 40,78
Undergraduate_or_Higher_December_2010 4,2 4,9 0,614

® Formally the hypotheses under study could be writte (considering the subgroups X1 = NTBFs and X2 =
non NTBFs):HO: F(X1) = F(X2) (The Kruskal-Wallis tests if theraple comes from a population with the same
distribution) vsH1: A 1,2 F(X1)t F(X2) (The Kruskal-Wallis tests if the sample cafimm a population with a
different distribution).
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The background and complementarities of the topagament team is usually understood as
a competitive factor in NTBFs’ survival and devetmgnt (Colombo and Grilli, 2005b, 2010;
Bianchi et al. 2011; Brinckmann et al., 2011).

Regarding the founding team’s characteristics (@&)| a set of indicators were gathered -
level and type of education in the initial founditegums, and number of years of experience in
the specific business sector (Oliveira and Teixe2@l1). Only in one indicator does the
Kruskal Wallis test reveal differences (at 10% gigance) between NTBFs and non NTBFs:

weight of individuals in the founding team that pess advanced managerial knowledge

(44% against 14% in NTBFs and non NTBFs, respdgbive

Table 8: Founding team’s characteristics

. NTBFs Non NTBFs
Variables p-value
Means Means

Majority Founding Team Undergraduate 0,44 0,29 0,397
Majority Founding Team Master Degree 0,19 0,21 0,857
At least One Phd 0,31 0,36 0,799
Majority Founding Team Technological K-How 0,87 0,71 ,28D
Multidisciplinary Teams 0,56 0,36 0,269
Management Knowledge 0,44 0,14 0,084
Founding Team Experience 0,88 1,00 0,178
Founding Team Business Experience 0,5C 0,71 0,240
Founding Team Experience More 10 Years 0,63 0,86 0,158
Founding Team Business Exp More 10 Years 0,25 0,29 280,8

This result seems to convey the idea that in otdefor NTBFs to successfully exploit
technology (Berry, 1996; Ganotakis, 2010; Beck&9@) in Taheri and Geenhuizen, 2011),

they also need market, long-term strategy and rmanagt knowledg€March-Chorda and

Yague-Perales, 1999).

Educational level and the technological know-how dot emerged as statistically different

between NTBFs and non NTBFs.

The literature sustains that NTBFs form strongtrehes with the economic environment and
innovation systems (Dahlstrand, 1997; Autio andck&aangas, 1998; Druilhe and Garnsey,
2000). They are understood as an organic partesh tfAutio, 1997a; Yli-Renko and Autio,

1998), through networking and linkages with uniitezs and research institutions (Reitan,
1997; Malecki, 1981), incubators (Sternberg, 19d@n, 1996 Studdard, 2006; Yang et al.,
2009; Scillitoe and Chakrabarti, 2010), businesgeand venture capital societies (Madill
et al., 2005) and large firms (Segers, 1993), deoto respond to the limitations in financial
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and organizational assets (Kelley and Nakoeste6f5)2and to minimize their lack of
resources. This perspective means that it is pesgibassume that a NTBF can increase its
effectiveness by accessing knowledge outside tlganization (Kelley and Rice, 2002),

brought by personal contacts and networking.

Our results seem to be at odds with the previoasoming, since contacts (and capital &
contacts) emerge as significantly more importanttfi@ non NTBF group (with more than
half of the founders indicating these reasons) fioarthe NTBFs (only 13% indicated such
reasons for starting or joining the business ie#dy phase).

Table 9: Reasons to start a business

NTBFs [Non NTBFs

Variables p-value
Means Means

Majority Fteam Entering Reasons_ Capital 0,81 0,71 30,53
Majority Fteam Entering Reasons_Contacts 0,13 0,57 0,011
Majority Fteam Entering Reasons_Knowledge 0,5¢ 0,64 6590,
Majority Fteam Entering Reasons_Patents 0,00 0,0C 01,00
Majority Fteam Entering Reasons_Capital & Contacts 0,13 0,50 0,028
Majority Fteam Entering Reasons Cap.&Contacts&K, 0,13 0,29 0,280

Regarding innovation and technology acquisitionitdrécf. Table 10), the statistical results
revealed homogeneity in the technological procestamnsfer, development and acquisition
between NTBFs and non NTBFs.
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Table 10: Businesses innovation and technology adgition traits

. NTBFs |Non NTBFs
Variables p-value
Means Means

Product 0,25 0,00 0,048
Service 0,19 0,50 0,075
Product_Service 0,56 0,50 0,736
R&D Ratio 17 Year_Sales 0,07 0,00 0,010
R&D Ratio 2010 8,17 0,04 0,000
Export/Sales Ratio_St_Year_SaIe 0,07 0,00 0,094
Export/Sales Ratio_2010 0,18 0,02 0,012
Registered Patents_Constitution_Date 0,00 0,07 0,285
Registered _Patents_2010 0,31 0,21 0,972
Technology Transference_UP_Department 0,38 0,43 0,769
Technology Transference Investigation _Center 0,19 401, 0,748
Technology Development_Consortium 0,13 0,07 0,631
Technology In-House_Development 0,81 0,71 0,533
Technology Acquisition_Portugal 0,19 0,36 0,303
Technology Acquisition_Importation 0,06 0,29 0,108

In contrast, significant differences emerged in tinms’ business type, where NTBFs are
much more exclusively product-based firms (25%006.in the case of non NTBFs) and non

NTBFs relatively more service-based (50% vs. 19%héncase of NTBFs).

NTBFs emerged as much more R&D and export intendie® non NTBFs, both at the

beginning and in December 2010.

Interestingly, some studies argue (e.g., Coeurdanay Murray, 2008; Ganotakis and Love,
2011; Taheri and Geenhuizen, 2011) that the intierme activities of NTBFs have become
an additional opportunity to explore a competitadvantage in foreign markets (Sapienza et
al., 2006), specially to open economies such asu@alr (Silva et al., 2010; Oliveira and
Teixeira, 2011).

5. Conclusions

NTBFs drive profound technological changes, ecoesogriowth and competitiveness, and
depend "not only on the work of scientists and eeegrs, but also on a wider range of

economic and societal factors" (Teixeira and Log@42 in Teixeira, 2012: 8).

Although the related literature has revealed awesenof the relevance of NTBFs, it is
somewhat diffuse and vague in the sense that figses several, alternative definitions of

NTBFs, the main purpose of this paper was to claaghd operationalize the concept,
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preventing "the misunderstanding and needless @eersy which arise from a lack of

knowledge of the assumptions on which a theoraget", Coase (1937: 386).

The bibliometric exercise developed in SectionZex# to study the characteristics of NTBFs
in an integrated and systematic manner, since nmdton on a vast set of definitions of
NTBFs was collected. Based on 75 articles whichfprwward distinct definitions for NTBFs,

we built a database through which it was possibleldfine a set of criteria to clarify the
concept of NTBF. Based on a quantitative analysth® several definitions, we identified the

relevant characteristics and proposed criterideéotify NTBFs.

To the best of our knowledge, no similar methodwlalgexercise has been conducted before,
so this effort was intended to provide a new pearspe on the conceptualization of NTBFs.

The second phase of this paper consisted in agplyiea above set of criteria to a specific
sample of firms — the academic spin-offs (ASOshc8iASOs are usually interchangeably
identified as NTBFs, considered to be importantehs of economic change and growth, that
contribute to the transformation of university kdedge into successful businesses (e.g.,

Taheri and Geenhuizen, 2011), we decided to use tivens as a unit of analysis.

The empirical data was gathered through a dire@stipnnaire targeting 58 new firms
incubated in the UPTEC (Universidade do Porto S&dpark). We managed to get 30 valid

responses, which corresponded to an effective nsgp@te of 51.7%.

By using the NTBF criteria obtained through thelibilnetric exercise, it was possible to
conclude that, contrary to common wisdom, not 8Os are NTBFs. Indeed, only 46.7% of
the ASOs were classified as NTBFs.

Additionally, the academic spin-offs classified M$BFs according to our criteria differ
significantly from the other ASOs, in terms of hegHevel of capital invested, higher R&D
and internationalization intensity, and foundingartes with a higher concentration of
individuals with management capabilities.

The present work poses some challenging questiamsely to what extent do academic spin-
offs that are NTBFs perform better than the non R§Band whether NTBFs located in other
science parks would behave or possess distincactegistics than those found in our limited
sample. This would require broadening the targgufaiion to more universities and their
science parks and incubators, as well as the rmeedhploy more sophisticated statistical and

econometric tools.
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