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Abstract

The service industry has become the main contributor for economic growth and employment in
Portugal and worldwide. Since we are moving towards a knowledge-based economy, it is of the utmost
importance to research how knowledge-intensity has an influence on the dynamic of entries and closures
in the service market. We analyse firm dynamics in the service industry, focusing on the determinants
of firm survival, while comparing knowledge-intensive services (KIS) and less knowledge-intensive
services (LKIS), using the Integrated Business Account System (SCIE) data-set from 2007 to 2015. We
apply a semi-parametric duration model (piecewise-constant exponential model), and find that: age,
size and start-up size have a negative effect in hazard of exit; innovators have lower hazard of exit than
non-innovators; exporters have lower hazard of exit than non-exporters; firms with positive growth
rate, in terms of sales per employee, have lower hazard of exit than firms with negative growth rate;
and KIS firms have lower hazard of exit than LKIS firms. We also characterise the different impact
of these factors between KIS firms and LKIS firms, where we find that their effect is more intense in
LKIS firms hazard of exit than KIS firms hazard of exit.
Keywords: Firm dynamics, Firm survival, Service industry, Knowledge-intensive services, Innovation.

1. Introduction

We are progressively moving towards a knowledge-
based economy, where technology and knowledge
are key production factors to value creation. The
Portuguese economy has been gradually shifting
from an extensive economic model of growth, that
relied on unqualified work and low wages, to an
intensive economic model of growth, where it em-
ploys technology, innovation and knowledge man-
agement, in order to improve productivity and hu-
man resources qualification (Amaral, 2008). How-
ever, most firms that emerge in the economy never
get to reach maturity — hazard rates of closure tend
to increase during the first years and decrease after-
wards (Mata and Portugal, 1999; Wagner, 1994).
For these reasons, studies of firm dynamics in the
service sector are of the utmost importance to un-
derstand the main factors of entries and closures
in this economy. From findings of the literature
review, we chose a set of hypotheses related with
the variables: type of industry (KIS or LKIS), age,
size, start-up size, innovation, exports and growth
rate. Through a continuous semi-parametric du-
ration model, the piecewise-constant exponential
model, we discuss these hypotheses and possible
interactions with knowledge-intensity. We confirm
previous findings from the literature, showing that:
age, size and start-up size have a negative effect

in hazard of exit; innovators have lower hazard of
exit than non-innovators; exporters have lower haz-
ard of exit than non-exporters; firms with positive
growth rate, in terms of sales per employee, have
lower hazard of exit than firms with negative growth
rate; and KIS firms have lower hazard of exit than
LKIS firms. Additionally, we characterise the differ-
ent impact of these factors between KIS firms and
LKIS firms, concluding that the effect of these vari-
ables is more intense in LKIS firms hazard of exit
than KIS firms hazard of exit. We suggest that the
degree of customization of the service output and
proportion of educated and skilled workers may be
responsible for the extent of exposure to closure for
service firms.

2. Literature Review and Hypotheses
2.1. Knowledge-intensive Service Industry

We may define service as “any act or performance
that one party can offer to another, that is essen-
tially intangible and does not result in the owner-
ship of anything“ (Kotler et al., 2000). The ser-
vice sector is mainly characterised by (Tether and
Hipp, 2002; Miles, 2008; Hipp and Grupp, 2005):
intangibility and perishability, they are consumed
in place and time, difficult to store and may im-
ply high levels of communication flows; heterogene-
ity and uniqueness, since there is a close interac-
tion between production and consumption, being
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sometimes tailored to a specific client or situation;
process orientation, it may requires the interaction
or active participation of the client; crucial role of
organizational factors, since there is a close rela-
tionship between the technologies employed and the
service organizational form; weak intellectual prop-
erty protection, since some innovative activities are
easily imitable; and human capital key role, since
services rely deeply on people skills and knowledge.

With the rise of distribution and utilisation
of knowledge, firms related to the production to
knowledge started to gain relevance in the economy,
playing a role of knowledge intermediaries. We may
define knowledge-intensity as “the extent to which
a service activity requires highly skilled service op-
eratives who exercise professional or technical capa-
bilities to produce situation specific results” (Miles,
2008). From this definition, service firms are classi-
fied according to knowledge-intensity.

According to Tether and Hipp (2002), service
firms competitiveness lies on quality and flexibility
on meeting users’ needs, rather than price, where
a large proportion of knowledge-intensive firm’s in-
come being earned from customized services. More
technical and knowledge-intensive firms tend to in-
vest less in new machinery and equipment per em-
ployee. Instead, these services spend more on in-
formation communication technologies (ICT) than
other services, since they rely on knowledge and
expertise of their workforce, hardly replaceable by
machines and equipment. Also, Tether and Hipp
(2002) suggest that less knowledge-intensive ser-
vice firms invest more in non-technical ICT tech-
nologies, related with their provision of standard
services, than knowledge-intensive firms. This
is a strategy associated with routinisation and
economies of scale, that allows these firms to sub-
stitute ”high-skill-high-cost” labour for ”low-skill-
low-cost” labour. Thus, the general characteristics
of the workforce have an influence on the perfor-
mance of the service. Indeed, the experience edu-
cation level of the general task force has a positive
impact on firm’s performance as the firm gets older
and, consequently, a positive impact on firm’s sur-
vival (Baptista et al., 2012; Brüderl et al., 1992).
Since the characterisation of firms according to
knowledge-intensity is based on the degree and pro-
portion of high education level workers, we test if
knowledge-intensity has a positive impact on firm’s
survival as well. Therefore, we explore the following
hypothesis.

H1: KIS firms have lower hazard of exit than LKIS
firms.

2.2. Age and Size

Several studies present findings that show the im-
portance of age and size on firm survival and

growth. According to Evans (1987a) and Dunne
and Hughes (1994), there is a negative correla-
tion between firm growth and age, suggesting that
younger firms grow faster than older firms. Ac-
cording to Evans (1987a), firm growth decreases
with firm size, where this relationship is non-linear
and vary over size distribution (Evans, 1987b). Ac-
cording to Jovanovic (1982), this is caused by the
learning process that firms go through regarding
their true efficiency, as they operate in the indus-
try. This is referred as the theory of “noisy” selec-
tion, which says that “(...) efficient firms grow and
survive (...)”, while “(...) inefficient firms decline
and fail”. However, Cabral and Mata (2003) found
no relationship between the selection effect and the
evolution of the firm size distribution. In terms of
survival, the likelihood of survival increases with
firm size and age where, consequently, smaller and
younger companies have higher failure rates (Dunne
and Hughes, 1994; Evans, 1987a). According to
Fritsch et al. (2006), high vulnerability to failure of
new firms is mostly due to the initial period without
profit, and eventual problems on setting an organ-
isational structure. For these reasons, and to dis-
cuss possible interactions with knowledge-intensity,
we postulate the following hypotheses.

H2: Firms that remains longer in the market have
lower hazards of exit.

H2.1: Age has a negative and higher effect on the
hazard of exit of KIS firms than LKIS firms.

H3: Larger firms have lower hazards of exit than
smaller firms.

H3.1: Size has a negative and higher effect on the
hazard of exit of KIS firms than LKIS firms.

2.3. Start-up Size

Start-up size also plays an important role in firm
survival. According to Mata and Portugal (1994),
survival is higher among firms that initiated their
activity with a large start-up size, since it indicates
a greater expectation of success. Also, Mata and
Portugal (1994) have found that entering the mar-
ket with large size and multiple establishments in-
creases the chance of survival. However, Brüderl
et al. (1992) argue that, even though being small
can prevent possible ”financial disasters” (related
to higher financial requirements and risk by larger
firms), it also increases the exposure to failure. De-
spite that, the advantage of entering at large scale
may vary with the competitive environment where
the firm operates, such as product life cycle and
technological intensity, and it dissipates over the
years (Agarwal and Audretsch, 2001). To study
these claims, we suggest the following hypotheses.

H4: Large start-up size lowers the hazard of exit.

H4.1: Start-up size has a negative and higher effect
on the hazard of exit of KIS firms than LKIS firms.
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2.4. Innovation

Empirical studies have found that innovation has
a significant and positive impact on firm’s perfor-
mance and profitability, ultimately translated into
a positive effect on the probability of survival, par-
ticularly to small and younger firms, since this
group is the most exposed to the risk of leav-
ing the market and benefit the most of innovation
to survive(Audretsch, 1991, 1995; Cefis and Mar-
sili, 2006). Studies also show that innovation in-
vestment has a more unstable effect on younger
firms than older firms, since the returns on invest-
ment are more unpredictable and riskier, due to the
higher amount of financial requirements at early age
(Coad et al., 2016). Nonetheless, the risk-reward
deal that comes from innovation is much higher
for young firms, and its “innovation premium” in-
creases their chance of surviving, when compared
with non-innovative firms (Cefis and Marsili, 2006).
However, Banbury and Mitchell (1995) argue that
mature and well established firms benefit equally
from innovation, since innovative activities allows
them to cope with new and disruptive technologies
while improving their existing capabilities, in order
to stay competitive in the market. Therefore, we
postulate the follow hypotheses.

H5: Innovators have lower hazard of exit than non-
innovators.

H5.1: Innovating has a negative and higher effect
on the hazard of exit of KIS firms than LKIS firms.

2.5. Exports

According to Bernard et al. (1995), exporters have
a positive impact for the economy, being more prof-
itable and more competitive than non-exporters.
They become larger and more productive. There-
fore, they provide better prospects of employment
and higher salaries, thus the economic importance
of exports for growth and survival. However, there
is a causality issue while studying exports since,
according to Wagner (1995), exports may lead to
growth but, at the same time, its size may lead
to invest more in exports. Moreover, exports is a
source to overcome underperformance and possible
other external factors that may jeopardize firm’s
growth and consequently, the firm’s permanence in
the market (Hirsch and Lev, 1971; Hirsch and Adar,
1974). Therefore, we present the following hypothe-
ses.

H6: Exporters have lower hazard of exit than non-
exporters.

H6.1: Exporting has a negative and higher effect
on the hazard of exit of KIS firms than LKIS firms.

2.6. Growth Rate

High growth rates are usually associated to bet-
ter prospects of survival (Audretsch, 1995). Young

firms have higher and more variable growth rates
than older firms, due to the process of learning
their true efficiency. Jovanovic (1982) argues that
the main reason for survival is related to the firm’s
awareness of their efficiency. This is achieved over
time as the firm becomes more mature, where they
gained knowledge regarding their cost structures
and efficiency levels (Dunne et al., 1988; Jovanovic,
1982). As the likelihood of survival for new en-
trants tends to be lower in industries characterised
by high minimum efficient size (Fritsch et al., 2006),
not meeting the requirements of the industry may
be an obstacle to survival. Moreover, according
to Cabral and Mata (2003), some firms are small
due to financial constraints while others stay small
for efficiency purposes. When financial constraints
are surpassed, firms will grow to an optimal size.
Therefore, to infer the effect of productivity growth
rate, in terms of sales per employee, we propose the
following hypotheses.
H7: Growing firms, in terms of sales per employee,
have lower hazards of exit.
H7.1: Growing, in terms of sales per employee, has
a negative and higher effect on the hazard of exit of
KIS firms than LKIS firms.

3. Data Characterisation

To study the determinants of survival, we use the
Integrated Business Accounts System (SCIE) data-
set, provided by Statistics Portugal. It presents a
full characterisation of the firms’ economic and fi-
nancial behaviour, through a set of relevant vari-
ables and financial ratios for the business sector.
The population of SCIE in each year n is composed
by all firms that perform any goods and/or services
activity (sole proprietaries , societies and indepen-
dent workers), excluding financial, insurances and
non-market-oriented companies.

3.1. Sample

Given the context of our study, we classified ser-
vice firms as knowledge-intensive services (KIS) or
less knowledge-intensive services (LKIS) according
to CAE Rev.3, the Portuguese Classification of Ac-
tivities, based on the Statistical Classification of
Economic Activities in the European Community
(NACE Rev.2) from Eurostat. This classification is
based on technological proximity and considers that
a sector is knowledge-intensive if at least a third of
the number of employees are highly educated, and
it is considered less knowledge-intensive otherwise.
We restrict our analysis to the period from 2007
to 2015 because of data availability, excluding sin-
gle individual owned firms and/or with no informa-
tion regarding their sales. Our sample is composed
by 851,148 observations, corresponding to 223,452
unique firms.

We characterise our sample using the following
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variable definitions: age - number of years of activ-
ity; size - number of employees in the current year;
start-up size - number of employees in the first year
of activity; growth rate - sales per employee an-
nual growth rate; ”growing” - dummy variable (1
if growth rate > 0, 0 otherwise); innovation expen-
diture - sum of R&D, employee training, tangible
and intangible assets investment; innovation ratio -
ratio between innovation expenditure and sales; in-
novator - dummy variable (1 if innovation ratio >
innovation ratio − standard deviation, 0 other-
wise); total exports - international sales; exports
ratio - ratio between international sales and sales;
exporter - dummy variable (1 if exports ratio >
exports ratio − standard deviation, 0 otherwise).
All dummy variables and ratios are defined by year,
region and sector.

Table 1: Summary statistics (whole sample).

Variable KIS LKIS

Age 4.14 4.13
(2.69) (2.70)

Size 3.44 3.60
(20.47) (12.00)

Start-up size 1.98 2.47
(9.21) (4.37)

Sales [103 e] 185.29 345.26
(1804.42) (3580.06)

Sales per employee [103 e/emp.] 53.04 92.58
(292.19) (543.88)

Growth rate [%] 1.49 3.06
(120.72) (248.24)

Growing 0.61 0.60
(0.49) (0.49)

Innovation expenditure [103 e] 19.96 19.44
(960.18) (329.76)

Innovation ratio [%] 57.73 69.70
(3201.72) (3399.13)

Innovator 0.51 0.49
(0.50) (0.50)

Total exports [103 e] 27.85 49.02
(749.22) (2823.49)

Exports ratio [%] 5.57 5.00
(20.23) (19.31)

Exporter 0.13 0.13
(0.34) (0.34)

Number of observations 277,792 573,356
Number of firms 69,604 154,592
Number of closures 16,537 49,734
Proportion of closures [%] 24 32

Note: Mean and standard deviation (in parentheses).

Table 1 shows the summary statistics by
knowledge-intensity of the whole sample. In terms
of duration, both type of firms have approxima-
tively the same mean with equal variability, with
LKIS average age slightly lower than KIS average

age. As for size, LKIS firms are larger than KIS
firms, with superior variability for KIS firms. The
scenario is similar for start-up size, since LKIS firms
enter the market in larger scale than KIS firms, with
a larger variability for KIS firms than LKIS firms.
The amount of sales is much higher for LKIS firms,
due to the superior number of LKIS firms with high
sales volumes in the service industry, such as, e.g.,
wholesale and retail firms. The same pattern occurs
to the average sales per employee and growth rate,
with equally higher variability for LKIS firms, prob-
ably for the same reason. The average innovation
expenditure is superior for KIS than LKIS firms.
However, in terms of innovation ratio, LKIS firms
have higher values than KIS firms. Probably LKIS
firms need for more investment in innovation than
KIS firms in order to survive. Furthermore, LKIS
firms, in average, have a larger volume of exports
revenue than KIS firms with superior variability but
KIS firms have a greater exports ratio.

4. Methodology

To perform this study, we employ a survival analysis
method. Its main tool is the hazard function h(t),
described as the “instantaneous probability that the
duration under study will end in an infinitesimally
small time period u after time t, given that the du-
ration has not elapsed until time t”(Bhat, 1996).

h (t) = lim
u→0+

P (t ≤ T ≤ t + u | T ≥ t)

u
(1)

where T is the firm’s life duration. Duration depen-
dence plays a significant role on firm survival theory

(Jovanovic, 1982). It exists if dh(t)
dt 6= 0 holds, i.e.,

the hazard rate varies with time. We may interpret
the hazard function derivative as follows (Heckman
and Singer, 1984).

• If dh(t)
dt > 0, at t = t0, there is a positive dura-

tion dependence at t0.

• If dh(t)
dt < 0, at t = t0, there is a negative du-

ration dependence at t0.

For our study, we employ the piecewise-constant
exponential proportional model (Eq.(2)), due to its
flexibility and explicit estimates of the baseline haz-
ard function. It is a simple generalisation of the
standard parametric exponential model, where we
split the time axis into smaller time intervals and
assume that the hazard rate is constant in each in-
terval, allowing the rate to change across the dif-
ferent intervals (Jenkins, 2005). Generically, it may
be written as follows.

h (t,Xt) =


h′1λ1 t ∈ [0, τ1]

h′2λ2 t ∈ [τ1, τ2]

...

h′kλk t ∈ [τk−1, τk]

(2)
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where the baseline hazard rates (h′k) are constant,
within each k interval, but may be different be-
tween intervals, while λk is an individual-specific
non-negative function of covariates Xt.

5. Results

We study our hypotheses through average marginal
effects on the hazard rate. This can be interpreted
as the absolute change on the hazard rate in per-
centage points (p.p.), i.e., it measures the effect
on the conditional mean of y of changes in one of
the regressors xj , while keeping all other covari-
ates constant. A positive marginal effects means
that increasing xj is associated with higher hazard
rates and shorter survival times, whereas a negative
marginal effect means that increasing xj is associ-
ated with lower hazard rates and longer survival
times.

5.1. Marginal Effects

Table 2 presents the average marginal effects of
six models with the variables related to the set of
hypotheses: age, type of industry (KIS or LKIS),
growth rate, size, start-up size, innovation and ex-
ports. In model 1, we present the impact of size
and start-up size categorically. In model 2, we use
the logarithm form on size and start-up size to im-
pose a constant percentage effect of both variables
on the marginal effect, i.e., it allows us to interpret
the impact of 1% increase of size/start-up size on
the hazard rate without worrying about firm size
scale issues. Models 3, 4, 5 and 6 were developed to
analyse the role of size and start-up size separately
due to collinearity, i.e., high correlation observed
between size and start-up size (ρ = 0.72). Vari-
ables such as age, innovation, exports and growth
rate are present in all models. The differences be-
tween the number of observations of each model are
related to the information available of start-up size,
innovation, exports and growth rate variables. All
marginal values are statistically significant.

5.2. Marginal Effects in KIS and LKIS Firms

Table 3 shows the average marginal effect of the
firm survival determinants by knowledge-intensity.
We chose model 1, 2, 3 and 4, due to the differ-
ent results caused by high correlation between size
and start-up size. For this analysis, we include in-
teractions in our models according with findings of
the literature. Since innovation is a key player on
firm survival, where KIS firms play a role of innova-
tion carriers (Cefis and Marsili, 2005, 2006; OECD,
2006), and service firms tend to be small for ef-
ficiency purposes (Tether and Hipp, 2002), we in-
clude the following interactions in all models: type
of industry and innovation, type of industry and
size; and type of industry and start-up size.

5.3. Discussion

All the hypotheses concerning the determinants of
firm survival were confirmed. Even with problems
concerning collinearity, it was possible to observe
the impact of start-up size in firm survival, resorting
to models without the variable related to the cur-
rent size of the firm. All marginal effects from the
remaining variables present coherent results with
the literature review. When accounting the sub-
hypotheses, the estimates show an opposite scenario
where, generally, LKIS firms benefit more from the
impact of the firm survival determinants than KIS
firms.

Hypothesis 1, related with knowledge-intensity,
was confirmed by our estimates. The fact that
knowledge-intensity has a negative effect on the
hazard may be related with the proportion of ed-
ucated workers and the demand for knowledge-
intensive activities (KIA) involved progressively in-
creasing. According to Brüderl et al. (1992), the
number of experienced workers increase the chances
of survival and highly educated workforce tend to
raise sales productivity. Thus, we suggest that part
of the reason for lower hazard of exit on KIS firms
may rely on human capital. Moreover, there is a
number of studies that relate KIBS firms, an im-
portant subset of KIS firms, to the diffusion of in-
novation in the market, with a crucial role on in-
novation processes (OECD, 2006; Tether and Hipp,
2002; Muller and Zenker, 2001). The exchange of
knowledge and interactivity occurred between KIBS
firms and client firms may promote mutual grow-
ing, being beneficial for both parties (Muller and
Zenker, 2001; OECD, 2006). These benefits lead to
an increase on the demand of KIA services, which
may improve the prospect of survival. On the other
hand, LKIS firms provide services that are more
standard and easily reproducible, which may in-
duce into less barriers of entry, turning their mar-
kets more competitive.

Hypothesis 2, related with age, was confirmed.
According to the decreasing values of marginal ef-
fects throughout the categories of age, we were able
to conclude that staying in the market lowers the
hazard of exit, matching findings from the litera-
ture. However, we must be careful while studying
the true meaning of this variable. Firstly, age or
passage of time per se may not improve the proba-
bility of survival. What is implied in this variable
is the experience and know-how gained as the firm
stays longer in the market. As Jovanovic (1982) se-
lection theory suggest, firms only survive if they be-
come aware of their efficiency levels and cost struc-
tures. Another reason may lie on the implications of
unobserved heterogeneity (often referred as frailty
in the survival analysis context). When we do not
account for this issue, the non-frailty model will
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Table 2: Average marginal effects (whole sample).

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

KIS -0.028∗∗∗ -0.028∗∗∗ -0.027∗∗∗ -0.026∗∗∗ -0.027∗∗∗ -0.027∗∗∗

(0.0007) (0.0007) (0.0007) (0.0007) (0.0006) (0.0006)
Age:

3 to 4 years -0.029∗∗∗ -0.029∗∗∗ -0.031∗∗∗ -0.031∗∗∗ -0.014∗∗∗ -0.014∗∗∗

(0.0011) (0.0011) (0.0011) (0.0011) (0.0011) (0.0011)
5 to 6 years -0.051∗∗∗ -0.051∗∗∗ -0.052∗∗∗ -0.053∗∗∗ -0.031∗∗∗ -0.032∗∗∗

(0.0011) (0.0011) (0.0011) (0.0011) (0.0010) (0.0011)
≥ 7 years -0.063∗∗∗ -0.063∗∗∗ -0.064∗∗∗ -0.065∗∗∗ -0.053∗∗∗ -0.054∗∗∗

(0.0013) (0.0013) (0.0013) (0.0013) (0.0009) (0.0009)
Size:

2 to 9 employees -0.054∗∗∗ -0.033∗∗∗

(0.0011) (0.0006)
≥ 10 employees -0.073∗∗∗ -0.045∗∗∗

(0.0018) (0.0013)
Log of size -0.050∗∗∗ -0.026∗∗∗

(0.0009) (0.0005)
Start-up size:

2 to 9 employees 0.031∗∗∗ -0.004∗∗∗

(0.0011) (0.0008)
≥ 10 employees 0.066∗∗∗ -0.011∗∗∗

(0.0066) (0.0026)
Log of start-up size 0.032∗∗∗ -0.0049∗∗∗

(0.0009) (0.0006)
Innovator -0.044∗∗∗ -0.042∗∗∗ -0.052∗∗∗ -0.052∗∗∗ -0.040∗∗∗ -0.042∗∗∗

(0.0007) (0.0007) (0.0007) (0.0007) (0.0006) (0.0006)
Exporter -0.030∗∗∗ -0.029∗∗∗ -0.033∗∗∗ -0.033∗∗∗ -0.031∗∗∗ -0.031∗∗∗

(0.0010) (0.0010) (0.0009) (0.0009) (0.0008) (0.0008)
Growing -0.105∗∗∗ -0.107∗∗∗ -0.099∗∗∗ -0.099∗∗∗ -0.082∗∗∗ -0.082∗∗∗

(0.0012) (0.0012) (0.0011) (0.0011) (0.0008) (0.0008)

Number of observations 460,242 460,242 460,242 460,242 632,893 632,893
Number of firms 142,534 142,534 142,534 142,534 198,859 198,859
Log likelihood -71,838 -71,537 -73,181 -73,207 -99,841 -99,960
p-value of the log likelihood test 0.000 0.000 0.000 0.000 0.000 0.000

Note: Standard errors in parentheses. All models control for sector, region, unemployment rate and GDP per capita. For
categorical variables, base levels are not presented (age = 1 to 2 years; start-up size = 1 employee; size = 1 employee;
non-innovators; non-exporters; not growing). ∗Significant at 10%, ∗∗ Significant at 5%, ∗∗∗ Significant at 1%.

over-estimate (under-estimate) the degree of nega-
tive (positive) duration dependence in the baseline
hazard (Jenkins, 2005). Since this is a detail that
is not considered in our models, the effect of age
might be over-estimated. The results related with
sub-hypothesis 2.1, i.e., interaction between age and
knowledge-intensity typology, indicate that age has
more influence on the survival of LKIS firms than
KIS firms, and the effect gets stronger for LKIS
firms between age categories. Since LKIS firms
are more labour intensive, staying in the market
may provide them some advantage in comparison to
their younger competitors. Due to the higher stan-
dardisation and labour-intensity from LKIS firms
(Tether and Hipp, 2002), gains in efficiency may
have a higher impact in LKIS firms performance
than KIS firms, as the firm gets older. Perhaps
KIS firms gains in efficiency are more dependable
of other factors such as the quality and adequacy
of the general workforce qualification, that may or

may not be achievable with age.

Hypothesis 3, related with size, was confirmed
by the estimates. This is aligned with the litera-
ture, where small firms have higher vulnerability to
exit than large firms. According to Headd (2003),
large firms are more stable and have access to bet-
ter financing tools, which improves the probability
of survival. On the other hand, smaller firms tend
to invest more and take less debt, improving their
prospects of survival (Cooley and Quadrini, 2001).
When accounting with the impact on KIS and LKIS
hazard rates (sub-hypothesis 3.1), firm size has a su-
perior and negative effect on LKIS hazard rates, as
we may observe from model 1 and 2 from Table 3.
This might be related to the fact that LKIS firms ac-
tivities are more labour intensive and require more
workers, while KIS firms activities require qualified
employees, not necessarily in larger scale. Plus,
some KIS firms struggle to hire workers with the
right set of skills and qualifications for the job, due
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Table 3: Average marginal effect by knowledge-intensity with interactions (whole sample).

Model 1 Model 2 Model 3 Model 4

Age: 3 to 4 years
LKIS -0.033∗∗∗ -0.033∗∗∗ -0.034∗∗∗ -0.035∗∗∗

[-0.036, -0.031] [-0.035, -0.030] [-0.037, -0.032] [-0.037, -0.032]
KIS -0.022∗∗∗ -0.022∗∗∗ -0.023∗∗∗ -0.024∗∗∗

[-0.024, -0.020] [-0.024, -0.020] [-0.025, -0.022] [-0.025, -0.022]

Age: 5 to 6 years
LKIS -0.058∗∗∗ -0.058∗∗∗ -0.059∗∗∗ -0.060∗∗∗

[-0.061, -0.056] [-0.061, -0.056] [-0.062, -0.057] [-0.062, -0.057]
KIS -0.039∗∗∗ -0.038∗∗∗ -0.040∗∗∗ -0.040∗∗∗

[-0.040, -0.037] [-0.040, -0.037] [-0.042, -0.038] [-0.042, -0.038]

Age: ≥ 7 years
LKIS -0.072∗∗∗ -0.072∗∗∗ -0.073∗∗∗ -0.073∗∗∗

[-0.075, -0.070] [-0.075, -0.069] [-0.076, -0.070] [-0.076, -0.070]
KIS -0.048∗∗∗ -0.048∗∗∗ -0.050∗∗∗ -0.050∗∗∗

[-0.050, -0.046] [-0.050, -0.046] [-0.052, -0.047] [-0.052, -0.047]

Size: 2 to 9 employees
LKIS -0.061∗∗∗

[-0.064, -0.060]
KIS -0.039∗∗∗

[-0.042, -0.036]

Size: ≥ 10 employees
LKIS -0.085∗∗∗

[-0.089, -0.081]
KIS -0.053∗∗∗

[-0.059, -0.046]

Log size
LKIS -0.059∗∗∗

[-0.062, -0.057]
KIS -0.034∗∗∗

[-0.037, -0.031]

Start-up size: 2 to 9 employees
LKIS 0.032∗∗∗ -0.008∗∗∗

[0.029,0.035] [-0.010, -0.006]
KIS 0.031∗∗∗ 0.004∗∗∗

[0.027,0.034] [0.002,0.007]

Start-up size: ≥ 10 employees
LKIS 0.066∗∗∗ -0.018∗∗∗

[0.051,0.082] [-0.024, -0.012]
KIS 0.081∗∗∗ 0.010∗

[0.049,0.113] [-0.001,0.021]

Log of start-up size
LKIS 0.035∗∗∗ -0.009∗∗∗

[0.033,0.037] [-0.010, -0.007]
KIS 0.029∗∗∗ 0.004∗∗∗

[0.026,0.032] [0.002,0.006]

Number of observations 460,242 460,242 460,242 460,242
Number of firms 142,534 142,534 142,534 142,534
Log likelihood -71,838 -71,537 -73,181 -73,207
p-value of the log likelihood test 0.000 0.000 0.000 0.000

Note: 95% confidence intervals in brackets. All models control for sector, region, unemployment rate and GDP per capita.
For categorical variables, base levels are not presented (age = 1 to 2 years; start-up size = 1 employee; size = 1 employee;
non-innovators; non-exporters; not growing). ∗Significant at 10%, ∗∗ Significant at 5%, ∗∗∗ Significant at 1%.
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Table 3: Average marginal effect by knowledge-intensity with interactions (whole sample)(continued).

Model 1 Model 2 Model 3 Model 4

Innovator
LKIS -0.047∗∗∗ −0.043∗∗∗ -0.055∗∗∗ -0.056∗∗∗

[-0.049, -0.045] [-0.045, -0.041] [-0.057, -0.054] [-0.058, -0.054]
KIS -0.040∗∗∗ -0.040∗∗∗ -0.046∗∗∗ -0.046∗∗∗

[-0.043, -0.038] [-0.042, -0.038] [-0.049, -0.044] [-0.048, -0.044]

Exporter
LKIS -0.034∗∗∗ -0.0332∗∗∗ -0.0376∗∗∗ -0.0374∗∗∗

[-0.037, -0.032] [-0.035, -0.031] [-0.040, -0.036] [-0.040, -0.035]
KIS -0.023∗∗∗ -0.022∗∗∗ -0.025∗∗∗ -0.025∗∗∗

[-0.024, -0.021] [-0.023, -0.020] [-0.027, -0.024] [-0.027, -0.024]

Growing
LKIS -0.121∗∗∗ -0.123∗∗∗ -0.113∗∗∗ -0.113∗∗∗

[-0.124, -0.119] [-0.126, -0.120] [-0.115, -0.110] [-0.115, -0.110]
KIS -0.079∗∗∗ -0.080∗∗∗ -0.076∗∗∗ -0.076∗∗∗

[-0.081, -0.076] [-0.082, -0.077] [-0.078, -0.074] [-0.078, -0.073]

Number of observations 460,242 460,242 460,242 460,242
Number of firms 142,534 142,534 142,534 142,534
Log likelihood -71,838 -71,537 -73,181 -73,207
p-value of the log likelihood test 0.000 0.000 0.000 0.000

Note: 95% confidence intervals in brackets. All models control for sector, region, unemployment rate and GDP per capita.
For categorical variables, base levels are not presented (age = 1 to 2 years; start-up size = 1 employee; size = 1 employee;
non-innovators; non-exporters; not growing). ∗Significant at 10%, ∗∗ Significant at 5%, ∗∗∗ Significant at 1%.

to the low share of highly educated people in Por-
tugal. Additionally, acquiring several high skilled
employees is an additional expense for the firm due
to higher salaries. Silva and Lima (2017) argue that
high-tech firms value human capital more than low-
tech firms due to difficulty in acquiring high skill
workers able to perform complex tasks of the re-
spective firm’s activities, and also as an incentive
to retain workers in the company. Thus, this may
influence the decision of remaining small, for effi-
ciency purposes.

Hypothesis 4, related to start-up size, was con-
firmed in model 3 and 4, where the current size
was not included. Under those conditions, start-
up size seems to improve the prospects of survival.
This determinant is also mentioned in the litera-
ture, where starting the business with a consider-
able large size indicates higher expectation of suc-
cess and likelihood of survival (Mata and Portugal,
1994; Evans, 1987a; Brüderl et al., 1992). While
considering knowledge-intensity, there is a negative
effect on hazard rates for LKIS firms, while for KIS
firms the effect is positive. Here, the justification
behind these results is similar to the one related to
firm size: KIS firms tend to perform under smaller
scale due to the requirements of their internal ac-
tivities and lowering additional costs, since they are
more intensive in knowledge; and LKIS firms benefit
more from economies of scale since their activities
are more labour intensive (Tether and Hipp, 2002).
However, these results may not translate the real in-
fluence of start-up size on the long term. According

to Audretsch (1991), the existence of economies of
scale and high capital labour tends lower the prob-
ability of survival for an uncertain period of time,
and Agarwal and Audretsch (2001) suggest that this
advantage provided by large size entry varies with
product life cycle and/or technological intensity of
the industry.

Hypothesis 5 related to innovation, was con-
firmed by all models, consistent with the negative
effect that innovation has on hazards of exit. Sev-
eral findings indicate that innovation has a strong
and positive impact on performance and profitabil-
ity, leading to longer stays in the market (Au-
dretsch, 1991, 1995). Innovation can be a tool to
overcome possible scale and/or size disadvantages
that young and smaller firms may face at entry, even
though it carries some risk to invest capital at early
age (Coad et al., 2016; Geroski, 1995; Audretsch,
1995). As for the effect on KIS and LKIS firms, it
seems that innovation has a stronger and negative
effect in LKIS firms hazard rates than KIS firms
hazard rates. However, this difference is only sig-
nificant for model 1, 3 and 4 (non-overlapped 95%
interval confidences)1. In first place, LKIS firms
are more vulnerable to exit than KIS firms as ob-
served before, thus, this factor can be decisive to re-
main competitive in the market. Small increments
of innovation may have a higher impact for LKIS

1In model 2, the 95% confidence intervals do overlap.
However, they do not overlap at 90% level of confidence,
thus, we may confirm statistically significant differences be-
tween the effect of innovation in KIS and LKIS firms at a
90% level of confidence.
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firms than KIS firms. Secondly, since KIS firms
tend to be more innovative and ”diffusors” of in-
novation (OECD, 2006), resorting to a comparison
of an average value may virtually increase/decrease
the thresholds used to identify innovators among
KIS and LKIS firms. On the other hand, this prob-
lem is probably mitigated by the high entrance rates
from both type of firms. Another possible explana-
tion may be related to the importance of innova-
tion in firm survival. Innovation may be a determi-
nant of firm survival so powerful and effective, that
equally benefits both KIS and LKIS firms.

Hypothesis 6, related to exports, was confirmed.
According to Bernard et al. (1995), exporters are
more productive, profitable and competitive, which
rises the chances of survival. Also, resorting to ex-
ports may help small firms to overcome low perfor-
mance in domestic markets (Hirsch and Lev, 1971),
sometimes caused by unfavourable macroeconomic
environment such as the Portuguese financial crisis.
Regarding the impact in KIS and LKIS separately,
same pattern occurs, where LKIS firms benefit more
from exporting than KIS firms. International trade
for service sectors may require some flexible orga-
nizational structure (e.g.: ICT). Perhaps this flexi-
bility is less achievable among LKIS firms, however,
they benefit the most from the performance boost
that exporting provides (e.g.: e-commerce in the
retail sector).

Finally, hypothesis 7 related with growth rate in
terms of sales per employee was also confirmed,
where growth in terms of sales per employee in-
creases the probability of remaining in the market.
According to Audretsch (1995), young firms that
are able to adjust to the market requirements may
experience high growth rates and higher prospects
of survival. Also, improving the sales per worker
can be consequence of the rise in productivity and
efficiency, which may improve survival (Jovanovic,
1982). The results regarding the average marginal
effects of growth on LKIS and KIS hazards rates
reveal that the impact is higher for LKIS than KIS,
similar to what occurs in most factors. Here, this
result can be justified by the greater impact of gains
of efficiency for LKIS firms, due to their higher stan-
dardisation and labour-intensive services.

6. Conclusions

The main results are aligned with findings of the lit-
erature review. There is no doubt of the importance
of each determinant of firm survival studied for the
service industry. However, our results may have
been influenced by frailty, probably caused by omit-
ted variables (e.g. founder’s education level, qual-
ity of management) and/or unappropriated choice
of baseline hazard function. It was also a challenge
to find a proper classification of innovators and ex-

porters. We decide to compare the corresponding
ratio to an arithmetic mean. This tactic may result
for the first few years of duration, however, it starts
to be less effective over the years. Since innovators
(exporters) tend to survive more years than non-
innovators (non-exporters), these ”survivors” will
rise the average value, leading to unreliable clas-
sification. Even though the entrance of new and
innovators/exporters firms may appease this effect,
we are not certain of the real effectiveness of this
classification on the long term.

Despite that, we believe that these results gave us
a glance of what factors should service firms invest,
in order to survive in this competitive economy. As
the knowledge-based economy continues to rapidly
evolved, companies must be aware of the new trends
in the market and build cope mechanism to surpass
possible adversities from the external environment.
It is often said that firms that survived periods of
economical retrenchment (e.g. Portuguese crisis)
become more resilient to unfavourable events. How-
ever, this is not enough. Being responsive to market
needs, explore new markets, introducing/acquiring
innovation products to/from the market, are few
generic examples of strategies that firms may utilise
to overcome difficulties without shutting down their
activities.

We achieve some useful insights and contributions
to the KIS and LKIS industry literature. Our sug-
gestion for future investigation is to resort to al-
ternative survival analysis models, such as discrete
models, to ensure more robust results, and to per-
form a more detail analysis into the subgroups of
KIS and LKIS to uncover other possible conclu-
sions.
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