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1. Introduction 

The objective of this paper is to examine the effect of internationalisation on firm survival. 

Heterogeneous firm trade models suggest that internationalisation has a positive effect on the 

productivity of some firms, while simultaneously forcing other firms to exit the market. On 

the one hand, one would expect that exporting and investing in productivity are 

complementary activities. Given that access to foreign markets increases the effective size of 

the market, exporting will promote investment that increases firm-level productivity. On the 

other hand, exporting activity also makes firms more susceptible to international demand 

shocks, meaning that exporting is an additional source of uncertainty for the firm. Hence, the 

overall impact of exporting activity on firm survival can be regarded as ambiguous. 

To realize our aims, we first motivate the empirical analysis through presenting a simple 

theoretical model linking export activity to firm survival. In our model, exports have a 

positive effect on firm productivity but are also an additional source of uncertainty. A feature 

of the model is that firms learn by exporting. In the initial phase, following entry into the 

export market, exporting firms face higher uncertainty (see eg. Nitsch, 2009; Cadot et al., 

2012), which may outweigh the productivity gains from international trade. But, over time 

the export-specific uncertainty diminishes, while exporting firms continue to benefit from 

higher productivity. Because exporting firms face and experience different types of shocks, 

different competition and different market conditions than domestic firms, to empirically test 

the predictions of the theoretical model we employ a hazard function to model firm survival 

in which the baseline hazard is allowed to differ for exporting firms and non-exporting firms. 

We find that firms with research and development (R&D) expenditure face a lower hazard 

than firms without R&D expenditure, irrespective of whether they export, and that, consistent 

with the predictions of the model, exporters initially face a higher hazard than non-exporters, 

but over time the hazard confronting exporters falls relative to that facing non-exporters.  

We focus on the Indian information technology (IT) sector. To this point there is only limited 

empirical evidence on the determinants of firm survival in India and most of it is somewhat 

dated (eg. Das & Srinivasan, 1997; Nafziger & Terrell, 1996). The key feature of the Indian 

IT sector is that firms are producing/exporting a service. The focus on services is important 

for two reasons. The first is that in the trade duration literature services have not been studied 

as much as manufacturing. Second, the fact the Indian IT sector produces services means that 

it produces products for export that are radically different than those supplied domestically. 
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We extend the existing literature in two directions. The first is that we marry the literatures 

examining export activity on firm productivity and firm productivity on firm survival. The 

literature examining the effect of export activity on firm productivity suggests that while 

exporting activity has a positive effect on productivity gains, it also increases the productivity 

threshold required for survival, forcing the least efficient firms to exit (see Greenaway & 

Kneller, 2007 for a survey). The literature examining the effect of innovation and 

productivity on firm survival generally suggests that higher productivity firms and firms with 

higher ability to innovate have higher survival rates (see eg. Cefis & Marsili; 2006). 

The second contribution is that we examine how trade duration affects firm survival in the 

specific case of the Indian IT sector, which produces services and the services it produces for 

export are not substitutable for those which it produces for the domestic market. The duration 

of trade literature indicates that exporting presents another source of uncertainty given the 

short duration times observed in various data sources. However, virtually all duration of trade 

papers examine trade survival, not firm survival. In other words, the object of the duration of 

trade literature is the duration of active trading in foreign markets, not whether the firm itself 

continues to survive. Thus, this literature is silent on the question of how duration of 

trading/exporting affects firm’s survival and its continued ability to supply the domestic 

market in the face of its (potential) failure in the foreign market. 

There are very few models, if any, which claim that a firm’s failure in exporting will force it 

to exit altogether. In models such as Melitz (2003), there are two productivity cut offs; a 

lower one distinguishing firms which never operate or cease operations and a higher one 

distinguishing purely domestic firms from those which also export. Such models allow for a 

firm to move between these phases. Our argument for the Indian IT sector is that if a firm 

exports, and is thus above the higher cut off, fails, rather than moving to a purely domestic 

status, it will actually exit and cease operating. In other words, exporting failure implies a 

large shock to productivity, which drops the firm below the lowest productivity cut off. One 

might consider such a large shock a rarity, rather than the rule. Most initial exports, and 

shipments in general, are small, so that a failure is not so costly. However, if the structure of 

the domestic market is such that an exporter’s product is incompatible with domestic demand, 

then an exporting failure indeed may lead to firm exit. As outlined below, this is the case in 

the Indian IT sector in which there is a fundamental difference between firms operating in the 

Indian domestic market and those exporting; namely, that the two markets are radically 

different and it is difficult for a firm to operate in both in a complementary fashion.  
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2. The Indian IT Context 

India has emerged as one of the fastest growing economies in the world since the 1990s, 

reflecting the strong performance of its service sector. The IT sector has been an important 

reason for the strong performance of India’s service sector. India is considered a major global 

player in the software and IT sector. In the early 1980s the IT sector was concentrated in 

Mumbai, but by 1990 the IT sector had clusters in Bangalore, Chennai, Delhi, Hyderabad, 

Mumbai and Pune and these cities were responsible for the largest share of software exports. 

These cities also had the highest concentration of R&D establishments (especially defence) as 

well as publicly funded engineering colleges (Srinivasan & Krueger, 2005).  The IT sector 

has boomed since deregulation in the 1990s. In 1991, the Indian market opened up to 

imported goods and new foreign producers that radically altered the technology landscape. 

Many new firms began to invest in new technology to realize both efficiency gains and 

quality improvement. Outsourcing of IT needs by leading global companies to Indian IT 

firms has also increased since the beginning of the 1990s (Hung, 2009).  The share of IT in 

GDP increased from 1.2 per cent in 1997-98 to 5.5 per cent in 2007-08 (Joshi, 2009). 

The Indian IT sector is characterised by a high level of internationalisation, which makes it 

particularly vulnerable to demand shocks in the United States. Such shocks differ 

dramatically from firms serving the domestic market. Note that demand, here, comes from 

clients who use the services of IT firms. Take the example of banks. The demand for the IT 

services of a bank in the United States will be very different from the IT needs of an Indian 

Bank. A bank in the United States will have advanced levels of computerization and would 

normally want to outsource labor intensive operations, such as telemarketing, preparing 

statements, phone banking and credit card support, to an IT firm in India which can carry out 

these operations at a lower cost. An Indian bank, on the other hand, would have very low 

levels of computerization and would want to hire an IT firm to develop software for its 

computerization and automation and to provide software help and support to its employees. If 

we extend this example a little bit more, the bank in the United States would cut down on it’s 

IT spending on, for instance, marketing for a new credit card if there is reduced demand for 

credit cards in the United States (i.e. a demand shock in the United States). At the same time 

there can be a growing demand for credit cards in India, given it is an emerging economy and 

the Indian bank may continue to pursue its computerization and automation drive.     
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3. Literature Review 

The theoretical models of Bernard et al. (2003) and Melitz (2003) conclude that propensity to 

export and productivity are correlated. Several empirical studies suggest that firms which 

export are more productive than firms which do not export (Greenaway & Kneller, 2007). 

Overall, empirical studies have found that exporters have 10-15 per cent higher productivity 

than non-exporters (Kimura & Kiyota, 2006). Theoretically, it has been shown that trade 

liberalisation increases the rate of return to a firm’s investment in productivity enhancing 

activities, such as R&D, and that this generates productivity gains (Atkeson & Burstein, 2010; 

Constantini & Melitz, 2008). A large empirical literature also exists which suggests that a 

firm’s investment in R&D strengthens the relationship between exports and productivity (Aw 

et al., 2007, 2008, 2011; Bernard & Jensen, 1997; Baldwin & Gu, 2004).  

 There are a large number of studies which examine the determinants of firm survival. These 

studies have modelled the effect of age and size on firm survival among other factors. A 

subset of this literature has modelled the effect of innovation, productivity or technological 

activity on firm survival (see eg. Cefis & Marsili, 2005, 2006; Hall, 1987; Shiferaw, 2000). 

The findings from these studies generally suggest that firms which invest more in innovation 

or R&D and have higher productivity levels have higher survival rates. 

However, it does not follow necessarily that because exporters have higher productivity and 

that more productive firms have higher survival rates that exporters will have higher survival 

rates. According to heterogeneous firm trade models (eg. Bernard et al., 2003; Melitz 2003), 

while export markets offer growth potential for some firms by increasing the size of their 

market, trade also increases the productivity thresholds required for survival, thus forcing the 

least efficient firms to exit. In this sense, export markets represent an additional source of 

uncertainty for the firm, which make sales more susceptible to international demand shocks.  

4. Model 

To motivate the empirical analysis, we present a simple theoretical model that links export 

activity and investment in R&D to firm survival. The model builds on those used in previous 

studies (see eg. Aw et al., 2011, Bustos, 2011; Costantini & Melitz, 2008; Aw et al., 2008; 

Lileeva & Trefler, 2010), by extending them in one particular direction. Specifically, we 

incorporate the fact that exports have a positive effect on firm productivity, but, 

simultaneously, also represent an additional source of uncertainty for the firm. 
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The Firm’s Problem  

Consider the firm’s problem.  We assume that the firm produces output, ( )y t
 
using inputs - 

labor, tl , capital, tk  and other inputs, tx , given by the following relationship:  

 ( , , ) ( , , )ty A t R e g k l x   (1) 

where is the function that maps inputs to the output function and ( , , )A t R e  is the 

technology coefficient, which is a function of time, expenditure on R&D, tR , and exports, te  .   

In modelling the evolution of productivity we follow Aw et al. (2011) who propose that the 

evolution of productivity depends on the firm’s investment in R&D as well as on its 

exporting status. This approach can be seen as a generalisation of Olley and Pakes (1996), 

who modelled productivity as a Markov process of the form 1( )t t tA g A   , and  

Doraszelski and Jaumandreu (2007, 2013), who endogenised the transition function by 

incorporating the effect of R&D investment, stated as 1 ,( , , ) , 0t t t t t R eA g A R e A A
    , 

where the prime denotes the first-order derivative.    

We further modify this formulation of the evolution of productivity based on the evidence 

that exporters indeed face higher uncertainty in the initial period of exporting activities; 

however, over time this export-specific risk declines due to the learning-by-doing effect, 

while exporters gain more in terms of productivity. Hence, over time, export firms are 

expected to face a hazard lower than non-export firms  (Nitsch, 2009; Aw et al., 2009; Cadot 

et al., 2012; Görg et al., 2012). We expand the productivity evolution equation taking into 

account that exporting not only affects the expected part of productivity evolution, but also 

that it contributes to the stochastic part of the productivity evolution process.   Following Aw 

et al. (2011), we assume that firms incur sunk cost when they initiate R&D investment, then 

in subsequent years they spend some additional amount on R&D. Therefore, R&D 

expenditure includes both sunk, 
S

itc , and variable costs, 
v

itc .
1
 That is:  

 1 1(1 )S v

t it it it itR c c     , (2) 

where 1 0it   , if the firm has initiated R&D investment in period 1t  , otherwise 1 1it   . 

The firms also incurs sunk cost when it enters the export market,  

                                                           
1 For example, in Costantini  and Melitz (2007), R&D is assumed to represent a sunk cost. Dynamic implications of different 

assumptions with respect to this cost are discussed in Aw et al. (2008).  

 

( , , )g k l x
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 1 1(1 )e Se ve

t t t t tc c c     , (3) 

where 1 0it    if the firm entered the export market in period 1t  , otherwise 1 1it   . 

Following the learning-by-doing modelling literature (Young, 1991; Alvarez and Amman, 

1999) we associate this cost with the knowledge created through exporting. Learning-by-

doing implies that by exporting more the firm gradually decreases the cost of exporting.  One 

can state this cost as  1 max ,e e e

t t tc c c e   , where ec is the floor value for this cost, which 

implies that learning-by-exporting has reached its limit if 
1( )e e

t te c c  
 
holds. 

 The link between this cost and productivity is inverse. Thus, one can write the gain in 

productivity through learning-by-doing (exporting) as ( )e

tp c  such that ( ) 0e

c tp c  . Intuitively, 

in a stochastic setting, not only the change in productivity, but also its volatility depends on 

the cost of exporting. We can specify the contribution of learning-by-exporting to 

productivity as a stochastic variable as ( ) ( )e e

t t tp c u c , where ( )e

tu c
 
is the stochastic part of 

the productivity shocks stemming from exporting activity, such that ( ) 0e

c tu c  . 

We expand the general equation of productivity evolution suggested by Aw et al. (2011): 

 1( , , ) ( ) ( )e e

t t t t t t t t tA g A R e R p c u c     , (4) 

 where the first term captures the Markovian nature of knowledge accumulation, its 

dependence on R&D expenditure and the possibility of interaction between R&D and 

exporting (as in Aw et al., 2011), whereas the  second term captures the effect of learning-by-

exporting on productivity and the last term is the random shock stemming from this activity. 

From this perspective, our approach can be seen as a modified version of Aw et al. (2011) 

that further endogenises the stochastic part of the productivity evolution.   

To incorporate the effect of exporting activity into the stochastic part of this variable we 

adopt the approach suggested by Pavlova (2002) in continuous time by adjusting it for 

discrete time. This approach is based on recognising the multiplicative nature of the volatility 

with regards to the cost of exporting. This makes intuitive sense in that if the magnitude of 

knowledge one gains is proportional to the cost of obtaining it then its variation should also 

depend on the size of this expense. Since, . . (0, )t tu i d dN  , where the standard deviation 

depends on the leading variable and may be written as ( )e

t tc  ,if . . . (0,1)t i i d N , a 

multiplicative shock implies that 
e

t t tu c v . Hence, we can write,  
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 1( , , ) ( )e e

t t t t t t t t tA g A R e R p c c v      . (5) 

 

Given the production function, the firm will maximize profits in each period: 

 
,

( , ) max ( , , ) ( , , )
l x

A k A t R e g k l x wl px    , (6) 

where is profit at time . Over time, the firm is assumed to maximize its expected net 

value by choosing its inputs, investment in R&D and deciding the amount of output to export. 

The firm invests in physical capital, ti , which incurs an adjustment cost given as ( , )t tc i k . The 

state vector for period t  is given by t . Then the firm’s value function is formulated as 

  1 1 1
, ,

( , ; ) max 0,max ( , ) ( , ) ( , ; ) | , ,e e

t t t t t t t t t t t t t t
R e i

V k A A k i c i k c R E V k A R i c     
         .(7) 

 

Solving similar problems, Hopenhayn (1992), Ericson and Pakes (1995), and Clementi and 

Palazzo (2010) have established the existence of a stationary equilibrium in an industry with 

entry and exit. Based on their results, we assume that such an equilibrium exists. Since, our 

main focus is on the exit decisions made by the firm; we use the solution to the optimal exit 

problem developed in these studies to establish the link between the factors driving 

productivity and output volatility and the probability of exit.   

 

Evolution of productivity and survival of firms  

The productivity of the firm is prone to shocks we discussed above, and hence, are given as a 

distribution.  The essence of the solution to the optimal exit problem (Hopenhayn, 1992;  

Olley and Pakes, 1996) is that firms have some reserved threshold level of productivity, t , 

and if the actual productivity falls below this threshold they choose to exit. That is,  

 
1 if 

0 otherwise

t t

t

A 
  


  (8) 

Here, tI  is an index function that equals 1 if the firm continues its operation in year t , and 

equals zero if it exits. This implies that the probability that the firm will stay in business is: 

 ( | )t t

A

P f A A dA


    (9) 

where ( | )f A A  is the conditional distribution for the productivity shocks and the prime 

denotes the next period values (Hopenhayn, 1992).  

 

( )t t
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Consider the random productivity given by a density function ( | )f A A  at the stationary 

equilibrium (see Hopenhayn, 1992; for details). According to Hopenhayn (1992), within the 

domain of this function there is a point t  below which if productivity falls the firm will not 

survive in period t . In our analysis, it is more convenient to work with a specific form of the 

probability density function. Following Angeletos and Calvet (2006) and Campbell (1998) 

we assume that idiosyncratic production shocks are mutually independent, i.i.d. across time 

and firms and given as a normal probability distribution function. Using the z-transformation, 

( ) /z A    , we write the standard normal density function of the productivity shocks, 

 
21

( ) exp
22

z
f z



 
  

 
, (10) 

where  is the mean, and  is the standard deviation of the distribution of productivity.   

The probability that productivity in year t is greater than the exit threshold, t is given by  

 
2

1
( ) 1 exp

22

z

t
t t t

z
P P A dz




 

 
     

 
 , (11) 

where ( ) /z     . An increase in the magnitude of the exit threshold should lead to a 

decrease in the probability of staying in business; that is, based on (11), one can verify that 

 0tP

z





. (12) 

Observing this particular form of the exit probability function we can state the following.  

Lemma 1.  The probability of exit decreases with higher expected productivity, t , and 

increases with higher volatility of productivity shocks, t  . 

 Proof.  It is straightforward to see that for a particular year t , t const  , and t t  , 

hence, the exit threshold, ( ) / 0z      ,  satisfies 0
t

dz

d




  and 0

t

dz

d




 . That is, with 

higher  , the threshold z  will move to the left of the distribution, whereas with higher , 

the threshold z  will move to the right (closer to zero).  Since, 0tP

z





, this implies that the 

probability of staying in business will decrease with higher uncertainty, 0t

t

P







, and  

increase with higher mean productivity, 0t

t

P







. 
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Now, we can link the factors driving the productivity distribution parameters to the 

probability of exit.  Recall that 
( 1)( , , ) ( )e e

t t t t t t t t tA g A R e R p c u c v      is the productivity 

coefficient. The mean of the productivity distribution is  

 ( 1)( , , ) ( )e

t t t t t tg A R e R p c    , (13) 

and the variance is  

    
22

( ) e

t t t t t t tVar A E A E u c v        
    

. (14) 

With these two parameters, we relate R&D spending and exports to the probability of exit.  

Lemma 2.  (i) Higher R&D spending, tR , decreases the probability of exit, 1- tP .  (ii) 

Exports have a dual effect on the probability of exit: exports decrease the probability of exit 

through a learning-by-doing effect and their interaction with R&D, and increase the 

probability of exit through their contribution to the volatility of productivity.  (iii) The effect 

of exports on the level and volatility of productivity declines over time.  

 

Proof.  Straightforward from (13), (14)  and Lemma 1. 

 

The hazard function 

Since a firm will stay (survive) in business in year t  with the probability given by (9), its 

conditional survival will be given as  

 
1

t

tS P
 

   (15) 

We now introduce the concept of the hazard function and relate it to the firm’s problem. The 

hazard function th  is the probability that a firm exits between  and , divided by the 

probability that the firm survives beyond time  given by tS    

 t

t

S
th

S


   (16) 

The survival probability can be expressed in terms of the hazard function (see e.g. Muthén 

and Masyn, 2005), in the discrete case, as 

 
1

(1 )
t

tS h
 

  . (17) 

 

t (  )t 

t
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One can see from (9), (15), and (17) that, the hazard function can be formulated as 

 1t th P    (18) 

Proposition 1    

The hazard rate faced by the firm falls with higher spending on R&D (H1). Due to added 

uncertainty, the hazard rate facing exporters initially may be higher than for non-exporters, 

but, over time, the hazard rate facing exporters falls below that of non-exporters (H2). 

Proof. (i) Since, due to Lemma 2, 0t

t

P

R





,  and 0t

t

h

P





 based on (18), we can establish that 

0t t t

t t t

dh h P

dR P R

 
 
 

.  (ii) Due to Lemma 2, mean productivity is higher for exporters, but the 

volatility of productivity shocks is also higher. Thus, in the early stages of exporting, if the 

gain in productivity through exporting is more than offset by the increased uncertainty 

stemming from exporting, the hazard rate is greater for exporters. That is, 

0 |t t t

tt t

h P P

e  

  
 

  
. However, the effect of exports on the volatility of productivity 

declines with time because
( )

0
e

t td c v

dt


 , due to the learning-by-doing process. That is, 

t t

t t

P P

 

 


 
 is expected to hold. Thus, 

 

0t

t

h

e





 is more likely to hold over time. 

5. Econometric Methodology 

The hazard function can be estimated by imposing a parametric functional form. One way in 

which this equation can be estimated is through employing a parametric proportion hazard 

(PH) model where the proportional hazard is expressed in the following parameterization: 

 ( |  )    ( )    (    )                                (  ) 

where    is the vector of all the explanatory variables.   ( ) is known as the baseline hazard. 

This model can be estimated, assuming various shapes of the baseline hazard corresponding 

to the distribution followed by the hazard function. The choice of distributions and 

corresponding functional form for the above equation for the PH models is as follows: 

1. Exponential:  ( |  )      (       ) 

2. Weibull:  ( |  )           (       ) 
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3. Gompertz:  ( |  )     (  )     (       ) 

Another way to estimate Equation (19) is to employ an accelerated failure time (AFT) model: 

  (  )         (  )                             (  ) 

such that the random variable    (  ) follows a distribution such as: 

1. Exponential:                     (  )   

2. Weibull:             (    ) 

3. Lognormal:               (    ) 

4.   Loglogistic:                 (    )  

5. Generalized gamma:           (      ) 

As the theoretical model predicts, exporting firms have different productivity characteristics 

and hence are expected to face a different hazard than non-exporting firms. We incorporate 

this aspect of the theoretical model into the empirical methodology by employing a stratified 

regression, using a dummy variable for exporters as the stratification variable. The 

assumption that every firm faces the same baseline hazard, multiplied by their relative hazard: 

 ( |  )    ( )    (    )                             (  ) 

is relaxed in favour of  

 ( |  )     ( )    (    ), if j is an exporter 

 ( |  )     ( )    (    ), if j is a non-exporter 

Specifically, we employ a stratification model, in which the baseline hazards are allowed to 

differ according to whether the firm is an exporter or non-exporter, but the coefficients,    

are constrained to be the same. When allowing a different baseline hazard for exporters and 

non-exporters we allow both the scale and shape of the hazard function to differ, which is the 

most general form. There are at least a couple of potential explanations for why the export 

dummy variable may affect the scale and shape of the hazard function. First, of all firms in 

the Indian IT sector, about two-thirds remain one of either non-exporters or exporters for 

their entire life. This is because the type of market conditions faced by exporters and non-
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exporters is drastically different. Exporters aim at exporting Business Process Outsourcing 

(BPO), Knowledge Process Outsourcing (KPO) and back office services to labor scarce 

countries such as the United Kingdom and United States. Their operations mainly rely on 

providing cheap labor for either outsourcing or project development to their clients, who do 

not have access to cheap labor. The non-exporters, operating primarily in the domestic 

market, aim at computerization and automations projects for clients in India (who also have 

access to the same labor market), who want to adopt the new computer technology to their 

business processes. Given the fragmented nature of the market, non-exporters will be mainly 

affected by shocks in the domestic market, whereas exporters will be mainly affected by 

shocks in the countries to which they are exporting.  Second, if an exporter fails in the 

international market, in most cases it cannot suspend its exporting operations and start 

operating in the domestic market. This is because typically there is a very low demand for its 

services - outsourcing of labor-intensive operations - in the Indian domestic market.  

We note that while we allow the hazard function to differ for exporters and non-exporters we 

do not follow the same practice for innovators and non-innovators. Unlike exports, success in 

R&D will depend on the level of technology, availability and accumulation of knowledge in 

the industry as a whole and the level of non-industry (such as academic) research in the field, 

which will be the same for all firms and hence the same shape of hazard function. The only 

difference in R&D outcome will be due to firm specific factors, suggesting that R&D is 

affecting only the scale of the hazard function.  There is also the practical matter that if we 

also used an R&D dummy variable depicting innovators versus non-innovators as a 

stratification variable, we would end up with four different hazard functions (created by 

permutations of two stratification variables), making it practically impossible to meaningfully 

compare results, given that there would be four different shapes of the hazard function. 

Finally, the alternatives to using a stratification model would have been to employ an 

unshared frailty model in which unobserved random effects among firms were at the 

individual level or a shared frailty model, in which exporters (and non-exporters) share 

common unobserved random effects. We tried using both forms of the frailty model. The 

estimates of variance when assuming frailty at the individual level were small and not 

significantly different from zero. With the shared frailty model, the model was not 

converging; hence, making it impossible to get an estimate of the frailty parameter.  
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6. Data and Preliminary Results 

The data is taken from the Prowess database provided by the Centre for Monitoring the 

Indian Economy (CMIE). This is a corporate database compiled from company reports. The 

raw data consisted of an unbalanced panel 797 IT firms for the period 1991 – 2009, giving us 

a total of 4940 observations. The IT firms were categorized into 2 sub-categories “Computer 

Software” and “IT Enabled Services (ITES)”, based on their main business activity.  The 

dataset consisted of a lot of missing observations, outliers, incomplete records and data on 

firms, which have either merged or been acquired by another firm during the period of study.
2
  

To ensure the reliability of exit times in the data we undertook the following five steps. First, 

we dropped all the firms for which the year of incorporation was missing. This was necessary 

to ensure that we have correct information on the year of entry and age of the firm.  Second, 

we removed all the firms for which data on sales was missing or corrupted (such as a text in a 

numeric field or a negative number for sales). Third, we removed outliers using outlier 

detection routines including sudden jump in the value of a variable from one year to another, 

a large shift in the financial position of the firm (huge profit to huge loss) within a year or 

unbelievably large expenditure on R&D. Fourth, the Prowess database specifically contains 

information on mergers and acquisitions. To ensure that mergers and acquisitions were not 

confused with exits, we deleted all firms, which were in the sample for a period, but were 

later acquired by another firm or merged with another firm. Fifth, year of exit was the year 

from which the firm disappears from the dataset and it does not reappear in any future year. 

In order to ensure that in the last period we do not confuse between firm exit and firm 

censorship (still alive but we do not see it beyond the last period) we reduced the analysis 

time by one year. Hence, although the dataset contained data up to 2009, we only used data 

up to 2008 to ensure that the firms present both in 2008 and 2009 are labeled as censored in 

2008, whereas firms present in the dataset 2008, but not in 2009, are labeled as exits.  

Following the removal of the missing observation points, we were left with an unbalanced 

panel of 744 firms for the period 1991-2008, giving a total of 4076 observations. This dataset 

was then converted into a format, which can used for survival data analysis, leading to further 

loss of one observation per firm and removal of firms with only one year of data. Finally we 

                                                           
2
 The prowess website http://prowess.cmie.com provides details on how CMIE collected the data from company reports and 

the process CMIE follows for ensuring that the data is as reliable as possible.  While there were missing observations, we 

note that this database is well respected and has been used in numerous studies on the Indian economy.  

http://prowess.cmie.com/
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were left with data on 655 firms (594 computer software and 61 ITES) for the period 1991-

2008, giving a total of 3332 observations for the final analysis.  

The Prowess database primarily contains data mostly on listed companies, together with 

some unlisted companies. Listed companies are required by law to publish annual reports and 

disclose their financial details. Given this selection scheme, the dataset is representative of 

medium/large IT firms in India. The small/unlisted firms in the IT sector may have 

higher/lower entry/exit rates than what is presented in our analysis. This is a limitation of the 

current study. However, we do not think this is a serious limitation because small firms 

represent an insignificant small percentage of the total IT sector in India and these firms 

generally do not export or undertake R&D, so are not relevant for our research questions.
3
  It 

is difficult to say if such entry/exit rates in India are comparable to other countries for similar 

sectors primarily because there are not many comparable studies for this sector in other 

countries. Of the studies which do exist, not all give details of unconditional entry/exit rates.
4
 

The profit/loss statement in the company report of a firm contains the data on export income, 

which is sum of software export sales, export of services, foreign exchange earning - 

dividend, foreign exchange earning - interest and other foreign exchange earnings. The 

breakup of these subcategories is not present for most of the firms in the database. We 

assume that the reason a firm in the export market faces a different hazard than a firm in the 

domestic market is because of the difference in the demand conditions and difference in the 

level of competition between markets. Firms are a negligibly small proportion of the market 

and hence the risks and benefits of exporting are independent of exporting volumes. 

The export dummy variable takes a value 1 for the i
th

 firm in t
th 

year if the export income is 

positive and takes a value of zero otherwise. There are some firms which operate only in the 

                                                           
3
 One might be worried that the relatively small number of firms (approximately 700 firms) in the final sample may not be 

representative of the large and diverse software industry in India. However, it should be noted that the software industry in 

India, albeit large in terms of the number of firms operating in it, is highly concentrated.  According to a study by Majumdar 

et al. (2010), the 100 largest firms in Indian software industry accounted for 93 per cent of the market-share in 2003-04. 

Therefore, the 700 firms included in our analysis, which encompass the 100 largest, account for most of the market share of 

the Indian software industry and the results can be, for all practical purposes, interpreted as population results. 
4
 One criticism that can potentially be levelled against the Prowess database is that the information collected is based on 

publicly available annual reports, which firms are not legally obliged to produce every year. Thus, if a firm moves out of 

sample, one does not know if the firm has actually exited the industry or it has stopped reporting the information. However, 

we do not think this a major concern with the subset of the dataset that we use. First, as discussed in the text, we are using 

data primarily on publicly traded firms, which are under a legal obligation to report financial information. Second, IT 

companies in India are generally known to follow best practice when it comes to disclosure and are on a par with their 

western counterparts. Thus, the chances of a firm abruptly discontinuing the publication of annual reports are very slim. 

Third, to ensure that the firms that appeared as exiting in our analysis were actually exiting (and had not just stopped 

publishing company reports), we randomly selected 40 firms (around 10 per cent of the sample of exiters) and did a google 

search on them to find more about them. We found that all the 40 firms had actually exited the industry and were not 

mistakenly recorded as an exiter due to delisting or dis-continuation of company reports. 
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domestic market and the export variable dummy is zero for the whole observed life of these 

firms. Alternatively, there are some firms which have exported their entire life and for these 

firms the export dummy variable is equal to 1 throughout. Finally, there are some firms 

which are exporters at some points of their life, but not others and for these firms the export 

dummy variable takes the value 1 in some years and zero in others.  Of the 655 firms used in 

the final analysis, 283 (43.2 per cent) firms, operated in the domestic market throughout their 

observed life; 167 (25.5 per cent) of firms operated in the export market for the whole of their 

observed life; and 205 (31.3 per cent) of firms had export income for some years only. Thus, 

there are firms in the sample that were initially exporters, but stopped exporting. There are 

also firms that did not export in the initial phase of their existence, but entered the export 

market sometime in their observed life in the sample. Note, that there is a difference between 

a firm’s death and a firm stopping exporting. If a firm dies, this means that it leaves the 

sample; i.e. exits the industry. But, a firm can stop exporting, yet still remain in the sample - 

the export dummy will change from 1 to zero, but the other variable will remain the same. 

Such a firm will now be classified as a non-exporter as far as stratification is concerned.  

The variables sales (proxy for size) and entry size (sales in the first year of observation) were 

employed in log form. Age (year less year of incorporation) and age squared were entered in 

years. The firm specific variables - R&D expenses, assets, total expenses, cash flow and 

investments - were all normalized by firm sales, using the following form: 

     
   

       
                           (  ) 

such that     represents the original variable in year i for firm j and      represents the 

transformed variable. Due to this transformation the change in variables can be interpreted as 

change in percentage of sales (revenue) devoted to that variable.  

Table 1 provides a basic description of the dataset. There are, on average, five years of data 

per firm with minimum of 1 and maximum of 17 years data per firm . All the firms enter at 

time = 0 (the analysis time, defined separately for each firm) and exit any time between 1 to 

17 (with mean 6.2 and median 5). There are no gaps i.e. there are no cases where a firm has 

exited the dataset at one point and re-entered at a later date. There are in total 359 failures in 

the data with a maximum failure of 1 per subject (i.e. a firm can fail only once when it exits).    

Table 2 presents two-way tabulations between life of the firm and exporting, life of the firm 

and expenditure on R&D and exporting and expenditure on R&D. In each case Tables 2(a)-
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2(c) exhibit bunching in the top left-hand corner suggesting a high proportion of firms in the 

sample which do not export or spend on R&D or which have exported and spent on R&D for 

five years or less.  There are, though, more firms which have been in the export market in the 

six to 10 year bracket than firms which have undertaken R&D expenditure over this period. 

Table 2 generally suggests a positive correlation between life of the firm and both period in 

the export market and period undertaking R&D as well as between exports and R&D. 

Table 3 presents the estimates of the Nelson-Aalen cumulative hazard function. For each time 

period (given in column 1) column 2 provides the number of firms present, column 3 

provides the number of firms which exited (i.e. failed), column 4 gives the number of firms 

present at that time which never exited, which are referred to as net lost, and column 5 gives 

the cumulative hazard calculated as (column 3 / column 2) + column 5 (t-1). Column 6 

presents the standard error of the cumulative hazard and columns 7 and 8 present the 

confidence intervals of the cumulative hazard.  Note that from periods 13 to 17 the 

cumulative hazard function exceeds 1. This is not an unexpected result, as there is no 

theoretical upper limit on the value of the cumulative hazard.    

The Nelson-Aalen cumulative hazard function is plotted for various subgroups in Figures 1-3. 

Figure 1 shows that the computer software firms face a lower hazard than ITES firms. There 

are four ownership forms – foreign, group, private and state. Figure 2 shows that group-

owned firms face a lower hazard than other ownership forms. Figure 3 shows that firms with 

R&D expenditure face a lower hazard than the firms with no R&D expenditure.  

Table 4 gives the restricted mean survival times for various sub-groups of firms (in years). 

The mean is restricted in the sense that the largest survival time we can observe is the total 

time span of study (17 years). However, due to censoring, there are firms which live beyond 

the period of the study and hence the mean is underestimated. The mean survival time is 

higher for computer software firms than ITES firms, group firms have the highest survival 

time compared to other ownership groups and firms with R&D expenditure have higher mean 

survival times than firms without R&D expenditure. The mean survival time by exporters 

(9.9 years) is greater than that of non-exporters (7.8 years).  The bottom half of Table 4 

presents the results of non-parametric tests for equality of means.  The equality tests relate to 

the equality of mean survival times calculated in the upper panel. The two tests used are the 

log-rank test for equality of survival functions and Wilcoxon (Breslow) test for equality of 
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survival functions. The null hypothesis is that the means are equal. Both of the tests of 

equality of means are in close agreement and suggest that the null hypothesis is rejected. 

Table 5 presents the model selection criteria. The choice of one particular parametric model 

over another is generally governed either by the underlying theory or from a purely statistical 

view of finding the model with best fit. As the underlying theoretical model does not predict 

why we should prefer one distribution over the other, we proceed with using the statistical 

criteria to choose a model.  For choosing the best fitting model one would normally choose 

the model with the highest log-likelihood value. However, the models with more explanatory 

variables will give a higher likelihood value. Akaike (1974) proposed penalizing each 

model’s log likelihood to reflect the number of parameters being estimated and then 

comparing the log likelihoods. Using this rule the preferred model is not the one with the 

highest log-likelihood value, but the one with lowest value for the Akaike Information 

Criteria (AIC). A similar statistic is the Bayesian Information Criterion (BIC), proposed by 

Schwarz (1978). Table 5 summarizes the AIC and BIC values for five different specifications 

(Model 1 – Model 5) of the parametric survival equation, using five different distributions.
5
 

The exact specifications for the five models correspond to the five models in Tables 6 and 7 

below. The distribution with the lowest values for the AIC is presented in bold letters. In each 

case the AIC and BIC suggest that the lognormal distribution is the preferred distribution.  

As a robustness check on our choice of estimator we also estimated the hazard using the log 

logistic parametric estimator. One advantage of the log logistic estimator over the lognormal 

estimator is that the log logistic estimator allows for both initially increasing, then decreasing, 

hazard as well as the continuously decreasing hazard. If the estimated   parameter is less than 1, 

the log logistic hazard is increasing initially and then decreasing, whereas if   is greater than or equal 

to 1 the log logistic hazard is always decreasing, indicating negative duration dependence. We 

do not report the results to conserve space, but the   parameter was significantly less than 1 in all 

the models. This also suggests that log normal is the most appropriate estimator for our data. 

Given that the lognormal distribution is the preferred distribution, it is to be noted that it can 

only be estimated for the AFT model. For the lognormal regression we assume that    in (20) 

is distributed as lognormal with parameters (    ) and cumulative distribution function: 

                                                           
5
 We could not estimate the generalized gamma distribution for our data, as the log-likelihood function hit a dis-continuous 

region and failed to converge. The failure of the log-likelihood function to converge with the generalized gamma distribution 

indicates that this distribution is not a good fit for our data.  
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such that  () is the cumulative distribution function for the standard Gaussian (Normal) 

distribution. This gives us the following linear model to estimate: 
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The baseline survivor function is given as 
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While this model has no natural PH interpretation, the hazard function of    can be estimated: 
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7. Multivariate Regression Results 

Tables 6 and 7 present the main parametric estimates of the analysis. The only difference is 

that R&D intensity is used as a continuous variable in Table 6 and a dummy variable in Table 

7.  In both the tables the dependent variable is ln(survival time). We begin by briefly 

summarizing the results for the control variables, which are generally consistent with 

expectations. A 1 per cent increase in sales leads to a 27 per cent increase in survival time. A 

1 per cent increase in entry size leads to a 14-16 per cent decrease in survival time, depending 

on the specification. A one-year increase in age reduces the survival time by roughly 5 per 

cent. The relationship between age and survival time is non-linear with the turning point 

occurring between 12 and 14 years of age depending upon the exact specification.
6
 

 Of the firm performance variables, we find assets have a positive effect on firm survival and 

expenses have a negative effect on firm survival. However, cash flow has a statistically 

                                                           
6 Our results suggest that the turning point occurs after more than a decade in business. The theoretical model, as well as 

empirical evidence from a number of firm level studies, suggest that the risk of exit rises in the first four to five years 

and then subsides overtime. One explanation for our result could be the fact that our sample is biased towards large 

firms in the IT industry (i.e. in the sense that we have primarily publicly listed firms), which have a lot of resources to 

begin with and which do not exit the industry without exploring all the possibilities of survival.  
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insignificant effect on firm survival.  Generally, this is also true for the debt structure; 

however, in Model 5 in Tables 6 and 7, the debt-equity ratio has a positive effect on firm 

survival at the 10 per cent level. The result in Model 5 is consistent with agency theory, 

which suggests a high debt-equity ratio limits the free cash-flows available to managers who 

would otherwise invest them in dubious projects (Jensen, 1986). It is also consistent with 

Caves and Porter’s (1976) argument that in the initial phase following entry, a high debt ratio 

is a barrier to competitors entering the market and simultaneously firms exiting the market.
 7
 

Finally, we find that group ownership has a positive effect on firm survival. In the Indian IT 

boom, it was common for conglomerates in other sectors to diversify into the IT sector. Our 

findings are consistent with the idea that group-owned firms can draw on resources from 

subsidiaries in other fields, in order to support their IT activities.
8
  

In the theoretical model we derived two hypotheses (see proposition 1, above). There is 

support for the first hypothesis. An extra 1 per cent of sales revenue spent on R&D, increases 

the firm’s survival time by 12 – 13 per cent in Table 6. When we do not take into account 

variation in R&D values, but instead treat expenditure on R&D as a dummy variable in Table 

7, the transition from a firm without R&D expenditure to a firm with R&D expenditure 

almost doubles the survival time. This result is consistent with the findings from extant 

studies that firms which invest more in innovation or R&D have higher survival rates (see eg., 

Cefis & Marsili, 2005, 2006; Hall, 1987).  

 

To examine hypothesis 1 further, as well as hypothesis 2, we turn to the results of the 

stratification model.  When a variable enters only as a covariate in the regression model it 

affects only the scale of the hazard function; however, when a variable is used as a 

stratification variable it affects the scale as well as shape of the hazard function. This 

provides an extra level of generality in the model. In the absence of stratification the effect of 

exports on firm survival is constrained to be only on the scale of the hazard function and 

hence the estimation will suffer from misspecification bias. As there is no natural baseline 

                                                           
7
 Some of the covariates (total expenses and cash flows, debt-equity ratio and total investment) are arguably highly 

correlated which tends to increase the noise-to-signal ratio. This could be the reason why the coefficient on cash flow is 

statistically insignificant and the coefficient on the debt-equity ratio is positive.  The coefficient of correlation between total 

expenses and cash flows is -0.056 (p value: 0.0012) and the correlation between total investment and the debt-equity ratio is 

-0.0439 (p value: 0.0112). We re-estimated Model 5 of Table 6, on which most of the discussion in the text is based and 

figures plotted, omitting each of total expenses, cash flows, debt-equity ratio and total investment one at a time as a 

robustness check. The results are robust to the inclusion/exclusion of these variables  
8
 The key decision variables such as R&D and export dummy enter the firm survival hazard in a contemporaneous fashion. 

One might be concerned about simultaneity of these variables with respect to unobserved productivity shocks. To address 

this issue, we also performed the estimates using lagged values and the results were quantitatively similar. 
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hazard specification for the lognormal distribution, stratification enters the regression 

equation through the specification of the shape parameter   in equations (25) and (26).  

  is specified by the following linear form:  

                         (  ) 

This is instead of a constant (in the absence of stratification). Here   is the stratification 

variable (export dummy) and this equation is known as an ancillary equation. The coefficient 

on   in the main equation effects the scale of the hazard function whereas the coefficient on   

in the ancillary equation effects the shape of the hazard function. The estimates of the 

ancillary equation are presented below the estimates of the main equation in Tables 6 and 7. 

Note that the coefficient of the export dummy variable is insignificant in the main equation, 

but highly significant in the ancillary equation. This means that it significantly affects the 

shape (ancillary equation), but not the scale (main equation) of the hazard function. 

This is an important result as it suggests that the baseline hazard experienced by exporters is 

different from the baseline hazard experienced by non-exporters. By using the stratification 

model (with export dummy as the stratification variable) we have allowed exporters and non-

exporters to have different shapes of the hazard function, instead of constraining one group’s 

hazard function to the a proportional replica of the other group. The fact that we observe that 

the export dummy (the stratification variable) is insignificant in the main equation and 

significant in the ancillary equation, validates our use of the stratification model.  

Moreover it is also to be noted that even though exporters and importers are allowed to have 

different baseline hazard functions, the hazard functions are still constrained to belong to the 

same family of the log-normal distribution. This suggests that the effect of other explanatory 

variables (the key one being R&D) is the same for both exporters and non-exporters. Based 

on the estimates of the stratification equation, we construct the estimated hazard for exporters 

and non-exporters to specifically focus on the role played by exports on firm survival.  

The stratification results can be interpreted through Figures 4-6. Figure 4 plots the predicted 

values of the hazard function for mean values of all the explanatory variables in specification 

5 of Table 6 (excluding the export dummy variable) with the export dummy variable =1 for 

exporters and zero for non-exporters. These are plots of the hazard functions for the typical 

exporter and non-exporter in the sense that all the explanatory variables take their mean 
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values.  Figure 5 is similar to Figure 4, except that it is based on the mean values of all the 

explanatory variables other than R&D intensity and the export dummy variable in 

specification 5 of Table 6. Figure 6 takes the estimates of specification 5 of Table 7 and plots 

the predicted hazard functions for various combinations of the export and R&D dummies, 

while substituting the mean values of other variables.  

Several observations can be made about Figures 4-6. First, the differences in the hazards 

between exporters and non-exporters in the figures are statistically significant. As Figures 4-6 

are based on the predicted hazards from the estimates in specification 5 in Tables 6 and 7, the 

export and R&D variables, which are statistically significant in the tables, will have a 

statistically significant impact in the figures. Second, the shape of the hazard function is 

different for exporting and non-exporting firms, which confirms the need to treat exporting 

and non-exporting firms differently in modelling the hazard function.  Third, firms with R&D 

expenditure (or higher R&D expenditure in the case of Figure 5) face a lower hazard than 

firms without R&D spending, irrespective of whether they belong to the exporting or non-

exporting group.  This result is further evidence consistent with hypothesis 1.  

If one considers Figure 4, it seems that the baseline hazard is different in scale, but not shape. 

However, Figure 5 clearly suggests a difference in the shapes of the hazard functions for 

exporters and non-exporters. This seemingly contradictory result between the two figures can 

be resolved by looking at specification 5 in Table 6 on which the figures are based. In 

specification 5 in Table 6 the export dummy variable is significant at the 5 per cent level in 

the ancillary equation, but insignificant in the main equation, suggesting that the hazard faced 

by exporters is of different shape than the hazard faced by non-exporters. 

Finally, turning to hypothesis 2, exporters face a higher hazard in the initial years than non-

exporting firms. The initial period for which the exporting firm faces a higher hazard than the 

non-exporting firm depends upon the exact specification and the assumptions regarding the 

values of other covariates. For example when all the covariates take their mean value 

(including R&D intensity) the exporting firm faces a higher hazard than non-exporting firm 

for the first two years of the firm’s observed life (see Figure 4). Thereafter, exporting firms 

face a lower hazard than non-exporting firms. This finding is consistent with hypothesis 2. 

 This finding is consistent with the notion that in the initial entry period exporters have a 

lower prospect of survival than non-exporters because of the high level of uncertainty 

associated with entering into international markets, but over time the productivity benefits of 
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being in international markets kick in and this reduces the hazard of exporters relative to non-

exporters. To put it differently, if exporters can survive the initial period in international 

markets in which there is uncertainty, they stand to benefit from the productivity gains 

associated with exporting and the productivity gains to exporting, relative to non-exporting, 

increase over time. There is also potential interplay here between R&D and exporting. If 

exporters conduct more R&D than non-exporters, potentially they can be protected against 

shocks in export markets. The average level of R&D conducted by non-exporters is 0.11 per 

cent of sales whereas the average level of R&D conducted by exporters is 0.77 per cent of 

sales. This difference in the mean R&D between exporters and non-exporters is statistically 

significant. Table 2(c) shows some positive correlation between length of time in the export 

market and expenditure on R&D, suggesting exporters face a declining hazard over time. 

One empirical concern might be that some firms persist in either the domestic or export 

market for their whole life. How do we know that differences in survival rates are due to the 

productivity shocks associated with operating in international markets or that survival rates 

are structurally different across domestic and international markets? To address this concern, 

we tested the relationship between exports and volatility by specifically looking at the firms 

which switched from the domestic to export market during their observed life in our sample. 

We measured productivity volatility by taking the standard deviation of profit divided by 

sales.  The hypothesis suggests that firms face, higher productivity volatility in the first few 

years of entry into the export market. This volatility subsides as the firm establishes itself in 

the export market. We examined data for firms that have switched from being purely 

domestic firms to exporters at some point in their observed life. There are several firms in our 

sample that have reverted back and forth between servicing the domestic market only and 

providing services in domestic and export markets. In-order to keep the analysis focussed, we 

only used the data for the first time a firm switched from the domestic to export market.  

We calculated the productivity volatility for the two years prior to entering the export market 

and for the four years subsequent to entering the export market. Figure 7 plots productivity 

volatility against firm years, before and after entering the export market. Negative values on 

the X-axis indicate the period when the firm was operating purely in the domestic market, 

zero indicates the first year after entering export market, while positive values indicate the 

subsequent period after entering the export market.  One can see that Figure 7 supports our 

second hypothesis. Firms face highest productivity volatility in the first year after entering the 

export market, which slowly decreases over the subsequent few years.  
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These results are consistent with several observations from the recent literature on the 

exporting-productivity nexus. The first is that the sunk cost of exporting is higher than the 

fixed cost of continuing to export (Aw et al., 2011). Second, firm-specific export market 

shocks play an important role in the decision to export, given the high hazard exporters face, 

relative to non-exporters in the initial period following entry into international markets. For 

example, see Aw et al.’s (2011) study employing data from the Taiwanese electronic industry, 

and Das et al.’s, (2007) findings using Columbian manufacturing data. Third, the results are 

consistent with the notion of learning by exporting (see eg. Aw et al., 2007, 2008). 

Illmakunnas and Nurmi (2010) found that firms which exhibited the highest level of learning 

by exporting had the highest survival rates in export markets. Specifically, firm productivity 

evolves endogenously in response to a firm’s decision to export (Aw et al., 2011) and firms 

which experience productivity evolution have higher survival rates (Aw et al., 2007). 

8.  Robustness Check: Addressing Left Censoring in the Data  

The dataset contains left censored observations i.e. the firms that were incorporated before 

1991 are not observed in the period between the year of incorporation and the beginning of 

the analysis period (1991). This is potentially problematic because the risk of failure starts to 

accumulate soon after incorporation.  In our dataset, there were 153 firms (accounting for 20 

per cent of all the firms), which were incorporated prior to 1991. In the main results we 

ignored the left censoring and assumed the analysis period to be concurrent with the firm’s 

life. While ignoring the left censoring allowed us to utilise all the data in the analysis and 

estimate a model that includes a wide array of explanatory variables, it could introduce bias 

in our estimates. As a robustness check we deal with left censoring in two different ways.  

The first way to address left censoring is to delete all firms that were incorporated before 

1991. This addresses the problem of left censoring; however, it also reduces the sample size 

and removes some of the big firms from the sample. In this reduced sample the variable entry 

size correctly reflects the firm size in the year of incorporation. Moreover, after removing the 

left-censored firms there is no need to include age as the analysis time corresponds to the 

firm’s age in the reduced sample. The results are presented in first and second columns of 

Table 8. The first column uses R&D expenses as a continuous variable, while the second 

column uses a dummy variable to capture R&D expenses. Both specifications include all the 

variables in Model 5 in Tables 6 and 7, except for the age and age squared variables. The 

results in these two columns are qualitatively similar to the results in Tables 6 and 7. Even 
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though the values of some of the coefficients are changed, the sign and significance remain 

same. The results suggest that left censoring is not biasing our estimates.  

The second approach is to estimate a left-censored model. Left censoring can be modelled as 

a special form of interval censoring (i.e. a period of interval for which the subject was 

unobservable), in which the censored event took place before the subject came under 

observation (Cleves et al., 2010). Columns 3 and 4 of Table 8 present the results of the left 

censored model.
9
 We do not include age and age squared as age is now the same as the 

analysis time. We drop entry size as the origin is set to the year of incorporation, and we do 

not have data on firm size for the left censored firms in their year of incorporation. While the 

specification is not exactly same in terms of the explanatory variables employed, the 

estimates in columns 3 and 4 of Table 8 are similar in terms of sign and significance to the 

estimates in Model 5 in Tables 6 and 7. The most notable change in terms of actual values of 

the coefficients is observed in the coefficient on the ln(sales) variable. In table 6 and 7 we 

observe that a 1 per cent increase in sales is associated with a 27 per cent increase in survival 

time, whereas after adjusting for the left-censored observations we note that a 1 per cent 

increase in sales is only associated with roughly 15 per cent increase in survival time. 

9. Conclusion 

This paper has examined the effect of exporting on firm survival for a panel of Indian IT 

firms. A contribution of the paper has been to highlight that internationalisation via exporting 

has competing effects on firm survival. On the one hand, exporting and investing in 

productivity are complementary activities, while, on the other, exporting activity also makes 

firms more susceptible to international demand shocks, meaning that exporting activity is an 

additional source of uncertainty for the firm. These competing effects are reflected in the 

mixed evidence on the relationship between exporting and firm survival found in previous 

studies. Our results shed light on the reasons for the mixed evidence in previous studies. We 

show that both effects are influencing survival, but operate at different points in time. 

Specifically, the hazard facing exporters is higher than non-exporters in the initial phase 

following entry, reflecting the fact that exporters are particularly vulnerable to shocks in the 

start-up phase. However, over time, exporters benefit more from productivity gains than non-

exporters and the hazard facing exporters falls below that confronting non-exporters. 

 

                                                           
9
 The results were computed with the Stata 13, which allows for left censoring. 
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Table 1: Description of survival data 

 

  Per subject 

Category Total Mean Min Median Max 

      
No. of Firms 655     

No. of years firms 

observed for 

3332 5.087 1 4 17 

      
(First) entry time  0 0 0 0 

(Final) exit time  6.198 1 5 17 

      
Firms with gap 0 - - - - 

Time at risk 4060 6.198 1 5 17 

      
Failures 359 0.548 0 1 1 
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Table 2: Life of the firm, exporting and R&D 

2a. Two-way tabulation between life of the firm and years of positive R&D 

Life 

(Years)  

Years of R&D  

 0 1 – 5 6 – 10 11 – 15 Total 

1 – 5  332 13 0 0 345 

6 - 10 166 12 3 0 181 

11 – 15 99 12 6 2 119 

15 +  3 5 0 2 10 

Total 600 42 9 4 655 

 

2b. Two-way tabulation between life of firm and years of exporting 

Life 

(Years)  

Years of Exporting 

 0 1 – 5 6 – 10 11 – 15 15+ Total 

1 – 5  193 152 0 0 0 345 

6 – 10 59 69 53 0 0 181 

11 – 15 31 39 32 17 0 119 

15 +  0 0 2 5 3 10 

Total 283 260 87 22 3 655 

 

2c. Two-way tabulation between years of export and years of positive R&D 

Exports 

(Years)  

Years of R&D  

 0 1 – 5 6 – 10 11 – 15 Total 

0 283 0 0 0 283 

1 – 5  239 21 0 0 260 

6 – 10 67 15 5 0 87 

11 – 15 10 5 4 3 22 

15 +  1 1 0 1 3 

Total 600 42 9 4 655 
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Table 3: Nelson-Aalen cumulative hazard estimates 

 

Time Beg. 

Total 

Fail Censored 

spells 

Nelson-

Aalen 

Cum. Haz. 

Std. 

Error 

95% Conf. Int. 

1 655 87 9 0.133 0.014 0.108 0.164 

2 559 60 16 0.240 0.020 0.204 0.282 

3 483 45 16 0.333 0.024 0.289 0.384 

4 422 35 23 0.416 0.028 0.365 0.475 

5 364 31 23 0.501 0.032 0.443 0.568 

6 310 17 13 0.556 0.035 0.493 0.628 

7 280 27 17 0.653 0.039 0.580 0.734 

8 236 6 26 0.678 0.041 0.603 0.763 

9 204 16 32 0.757 0.045 0.673 0.850 

10 156 8 19 0.808 0.049 0.718 0.909 

11 129 10 10 0.885 0.054 0.785 0.999 

12 109 10 19 0.977 0.062 0.863 1.106 

13 80 4 41 1.027 0.067 0.905 1.166 

14 35 1 12 1.056 0.072 0.923 1.208 

15 22 1 11 1.101 0.086 0.946 1.282 

16 10 1 3 1.201 0.132 0.969 1.489 

17 6 0 6 1.201 0.132 0.969 1.489 
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Table 4: Mean survival times by various subgroups and hypothesis tests for equality of 

means 

 

Mean Survival Times  

Category  No. of Firms Restricted 

mean survival 

time(years)
*
 

Std. Error. 95% Conf. Int. 

Industry     

Computer 594 9.162 0.282 8.609 9.715 

ITES 61 7.628 0.964 5.739 9.516 

Ownership      

Foreign 40 8.416 1.026 6.405 10.427 

Group 136 10.781 0.574 9.655 11.906 

Private 471 8.569 0.324 7.935 9.204 

State 8 6.629 0.916 4.833 8.424 

R&D Expenditure      

R&D Expenditure = 0 649 8.812 0.275 8.273 9.351 

R&D Expenditure > 0 55 14.031 1.096 11.883 16.179 

Export Behavior      

Exporter 372 9.873 0.445 7.254 8.395 

Non-Exporter 488 7.824 0.291 9.002 10.745 

Test of equality of mean survival time 

Category DF Chi-square Pr > Chi-square 

Industry    

Log-rank test 1 3.40 0.065 

Wilcoxon test 1 4.07 0.044 

Ownership    

Log-rank test 3 10.70 0.013 

Wilcoxon test 3 11.91 0.007 

R&D Expenses    

Log-rank test 1 11.04 0.0009 

Wilcoxon test 1 9.42 0.002 

Export Behavior    

Log-rank test 1 8.78 0.003 

Wilcoxon test 1 2.40 0.121 

Notes: (*) largest observed analysis time is censored, mean is underestimated 
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Table 5: Selection of distribution for Parametric Estimation 

 

Distribution Observations ll(null) ll(model) DF AIC BIC 

Model 1       

Exponential 3332 -824.097 -799.212 6 1610.425 1647.093 

Weibull 3332 -811.952 -794.871 8 1605.742 1654.633 

Gompertz 3332 -811.927 -796.785 8 1609.570 1658.461 

Log-Normal 3332 -795.539 -770.796 8 1557.592 1606.483 

Log-Logistic 3332 -807.229 -782.440 8 1580.880 1629.770 

Model 2       

Exponential 3332 -824.097 -792.107 9 1602.213 1657.215 

Weibull 3332 -811.952 -787.232 11 1596.464 1663.689 

Gompertz 3332 -811.927 -789.855 11 1601.711 1668.935 

Log-Normal 3332 -795.539 -761.230 11 1544.460 1611.685 

Log-Logistic 3332 -807.229 -772.537 11 1567.075 1634.299 

Model 3       

Exponential 3332 -824.097 -790.912 11 1603.823 1671.048 

Weibull 3332 -811.952 -786.132 13 1598.264 1677.711 

Gompertz 3332 -811.927 -788.623 13 1603.246 1682.694 

Log-Normal 3332 -795.539 -759.131 13 1544.262 1623.709 

Log-Logistic 3332 -807.229 -770.405 13 1566.810 1646.258 

Model 4       

Exponential 3332 -824.097 -784.515 13 1595.029 1674.476 

Weibull 3332 -811.952 -779.021 15 1588.043 1679.713 

Gompertz 3332 -811.927 -781.843 15 1593.687 1685.357 

Log-Normal 3332 -795.539 -753.282 15 1536.564 1628.234 

Log-Logistic 3332 -807.229 -762.953 15 1555.906 1647.576 

Model 5       

Exponential 3332 -824.097 -780.355 17 1594.710 1698.602 

Weibull 3332 -811.952 -774.808 19 1587.615 1703.731 

Gompertz 3332 -811.927 -777.532 19 1593.064 1709.180 

Log-Normal 3332 -795.539 -749.346 19 1536.692 1652.808 

Log-Logistic 3332 -807.229 -762.953 15 1555.906 1647.576 

Notes: Selected distribution in Bold.  
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Table 6: Determinants of Firm survival [Lognormal AFT model; R&D continuous 

variable]  

 

Variables Model 1 Model 2 Model 3 Model 4 Model 5 

Main Equation: Dependent variable =    ( ) 

ln(Sales) 0.266*** 0.278*** 0.274*** 0.278*** 0.270*** 

 (5.502) (5.640) (5.537) (5.664) (5.534) 

Age -0.047** -0.052** -0.051** -0.050** -0.056** 

 (-1.979) (-2.155) (-2.089) (-2.064) (-2.198) 

Age Squared
 

0.002* 0.002* 0.002* 0.002* 0.002** 

 (1.752) (1.918) (1.857) (1.892) (1.990) 

ln(Entry Size) -0.147*** -0.157*** -0.156*** -0.163*** -0.161*** 

 (-2.845) (-3.090) (-3.069) (-3.239) (-3.246) 

R&D expenses  0.129** 0.129** 0.128** 0.119** 

  (2.087) (2.076) (2.074) (2.047) 

Assets  0.0001** 0.0001** 0.0002*** 0.0002*** 

  (2.262) (2.229) (3.082) (3.106) 

Total Expenses  -0.002*** -0.002*** -0.003*** -0.003*** 

  (-2.862) (-2.954) (-3.127) (-3.027) 

Cash Flow   -0.001 -0.001 -0.001 

   (-1.229) (-1.091) (-1.159) 

Debt Equity Ratio   0.194 0.188 0.225* 

   (1.605) (1.563) (1.844) 

Investments    -0.0003** -0.0003** 

    (-2.131) (-2.168) 

Export Dummy  0.051 0.104 0.101 0.108 0.098 

 (0.357) (0.714) (0.695) (0.748) (0.684) 

Industry Dummy  

(CS =0) 

    -0.395** 

     (-2.235) 

Ownership Dummies 

(Foreign =0) 

     

Group     0.483** 

     (1.979) 

Private     0.240 

     (1.054) 

State     0.254 

     (0.487) 

Constant 2.045*** 2.169*** 2.144*** 2.131*** 1.918*** 

 (13.26) (12.90) (12.68) (12.65) (7.207) 

Ancillary Equation: Dependent variable =    ( ) 

Export Dummy  0.232** 0.245*** 0.238*** 0.240*** 0.186** 

 (2.561) (2.732) (2.672) (2.693) (2.073) 

Constant 0.089* 0.072 0.074 0.068 0.077 

 (1.814) (1.458) (1.503) (1.369) (1.541) 

Observations 3,332 3,332 3,332 3,332 3,332 

Log Likelihood -770.8 -761.2 -759.1 -756.8 -752.0 

Notes: (1.) z-statistics in parentheses (2.) *** p<0.01, ** p<0.05, * p<0.1 (3.) The variables 

R&D expenses, Assets, Total expenses, Cash flow, Investments were normalized by sales 

before entering into the regression.  
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Table 7: Determinants of Firm survival [Lognormal AFT model; R&D dummy 

variable]  

Variables Model 1 Model 2 Model 3 Model 4 Model 5 

Main Equation: Dependent variable =    ( ) 

ln(Sales) 0.266*** 0.270*** 0.265*** 0.269*** 0.262*** 

 (5.502) (5.413) (5.313) (5.441) (5.322) 

Age -0.047** -0.051** -0.050** -0.049** -0.055** 

 (-1.979) (-2.129) (-2.063) (-2.039) (-2.176) 

Age Squared
 

0.001* 0.001* 0.001* 0.002* 0.002* 

 (1.752) (1.819) (1.761) (1.798) (1.906) 

ln(Entry Size) -0.147*** -0.154*** -0.153*** -0.161*** -0.159*** 

 (-2.845) (-3.029) (-3.008) (-3.179) (-3.183) 

R&D Dummy  1.014*** 1.009*** 0.999*** 0.929** 

  (2.691) (2.681) (2.675) (2.554) 

Assets  0.0001** 0.0001** 0.0002*** 0.0002*** 

  (2.209) (2.174) (3.034) (3.061) 

Total Expenses  -0.002*** -0.002*** -0.003*** -0.002*** 

  (-2.807) (-2.898) (-3.071) (-2.973) 

Cash Flow   -0.002 -0.001 -0.001 

   (-1.246) (-1.109) (-1.176) 

Debt Equity Ratio   0.194 0.187 0.224* 

   (1.596) (1.555) (1.831) 

Investments    -0.0003** -0.0003** 

    (-2.127) (-2.165) 

Export Dummy  0.051 0.098 0.095 0.102 0.094 

 (0.357) (0.672) (0.650) (0.703) (0.657) 

Industry Dummy  

(CS =0) 

    -0.391** 

     (-2.207) 

Ownership Dummies 

(Foreign =0) 

     

Group     0.492** 

     (2.006) 

Private     0.252 

     (1.106) 

State     0.281 

     (0.536) 

Constant 2.045*** 2.171*** 2.147*** 2.134*** 1.908*** 

 (13.26) (12.88) (12.66) (12.63) (7.145) 

Ancillary Equation: Dependent variable =    ( ) 

Export Dummy  0.232** 0.251*** 0.244*** 0.245*** 0.192** 

 (2.561) (2.794) (2.725) (2.746) (2.130) 

Constant 0.089* 0.072 0.074 0.067 0.077 

 (1.814) (1.449) (1.498) (1.364) (1.531) 

Observations 3,332 3,332 3,332 3,332 3,332 

Log Likelihood -770.8 -761.7 -759.6 -757.2 -752.5 

Notes: (1.) z-statistics in parentheses (2.) *** p<0.01, ** p<0.05, * p<0.1 (3.) The variables 

R&D expenses, Assets, Total expenses, Cash flow, Investments and Forex Income were 

normalized by sales before entering into the regression.  
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Table 8: Robustness checks: Sensitivity to left censoring in the data – Determinants of 

Firm survival [Lognormal AFT model]  

 

Variables Removing the Left Censored 

firms 

Estimating a Left Censored 

Model 

R&D Continuous 

variable 

R&D Dummy 

variable 

R&D 

Continuous 

variable 

R&D Dummy 

variable 

Main Equation: Dependent variable =    ( ) 

ln(Sales) 0.228*** 0.223*** 0.154*** 0.146*** 

 (4.362) (4.225) (5.170) (4.883) 

R&D Expense 0.108*  0.0915*  

 (1.768)  (1.933)  

R&D Dummy
 

 0.757*  0.779*** 

  (1.896)  (2.577) 

ln(Entry Size) -0.161*** -0.157***   

 (-3.002) (-2.920)   

Assets 0.000282*** 0.000280*** 0.000135*** 0.000132*** 

 (3.991) (3.956) (2.830) (2.777) 

Total Expenses -0.00310*** -0.00306*** -0.00169** -0.00164** 

 (-3.494) (-3.445) (-2.392) (-2.344) 

Cash Flow -0.00118 -0.00124 -0.00131 -0.00134 

 (-0.962) (-1.005) (-1.395) (-1.429) 

Debt Equity Ratio 0.185 0.187 0.206* 0.203* 

 (1.350) (1.359) (1.792) (1.770) 

Investments -0.000351** -0.000351** -0.000201 -0.000201 

 (-2.382) (-2.378) (-1.553) (-1.563) 

Export Dummy  0.0900 0.0844 -0.116 -0.120 

 (0.604) (0.566) (-0.864) (-0.886) 

Industry Dummy  

(CS =0) 

-0.294 -0.292 -0.363** -0.365** 

(-1.629) (-1.617) (-2.309) (-2.319) 

Ownership Dummies (Foreign =0) 

Group 0.271 0.290 0.445** 0.457** 

 (1.133) (1.213) (2.173) (2.230) 

Private 0.0679 0.0846 0.302 0.320* 

 (0.314) (0.391) (1.586) (1.679) 

State 0.0625 0.0866 0.129 0.162 

 (0.124) (0.171) (0.319) (0.402) 

Constant 1.734*** 1.717*** 1.973*** 1.958*** 

 (7.572) (7.494) (10.02) (9.939) 

Ancillary Equation: Dependent variable =    ( ) 

Export Dummy  0.145* 0.147* 0.281** 0.282** 

 (1.834) (1.839) (2.47) (2.46) 

Constant 0.0236 0.0238 -0.383*** -0.386*** 

 (0.423) (0.428) (-6.60) (-6.66) 

Observations 2,346 2,346 3,336 3,336 

Log Likelihood -582.6 -583.6 -385.4 -385.4 
 

Notes: z-statistics in parentheses.  *** p<0.01, ** p<0.05, * p<0.1. The variables R&D expenses, Assets, Total 

expenses, Cash flow, Investments and Forex Income were normalized by sales. The first and third columns 

correspond to the specification 5 in Table 6 and the second and fourth columns correspond to specification 5 in 

Table 7. The full set of results (including various specifications of parametric model, non-parametric analysis 

and graphs) is available on request.   
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Figure 1: Nelson-Aalen cumulative hazard estimates by Industry 

 

 
 

 

Figure 2: Nelson-Aalen cumulative hazard estimates by Ownership 
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Figure 3: Nelson-Aalen cumulative hazard estimates by R&D expenditure  

 

 
 

 

Figure 4: Estimated hazard function using mean values of all explanatory variables 

[based on Model 5, Table 5] 
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Figure 5: Estimated hazard function for different levels of R&D expenditure and mean 

values of all other explanatory variables [based on Model 5, Table 5] 
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Figure 6: Estimated hazard function for different levels of R&D expenditure [dummy 

variable] and mean values of all other explanatory variables [based on Model 5, Table 

6] 
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Figure 7: Productivity volatility for firms switching from domestic to export markets 

 

 

 

 


