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1. Introduction

This paper examines how the duration {life-time) of {imis in an industry and its
hazard (probability} of exit fronl the mdusuy are related o the chatacteristios of
fimis. [t studies an infant industry in a developing country—the coniputer
bardware incdustry in India, The product consists of computer systems and
peripherals. Thiz ix an important indostey hecause 10 allecls, noa major way, Lthe
productivity of other sectors of the economy and has received policy favors in
recent vears. The industry ‘took off” at the beginning of oor sample period.
1982—83 0o 1909]--92, with the minston of computerization in the public seclor
and substantial lowering of entry barriers in the computer industry [eading o a
more thao ten-fold increase in the number of firms over this period. The mduostry
associalion for computer hardwarg (ims in India (Manufacturers” Association of
Informanon Technology—MAIT) calls the post-1983 pedod the new cra lor the
indusuy (MALT, 1991). Hence the industry can be interpreted as an infant industry
over o sample period.

It may be remarked that we do not know of simnalar studies of duration or exit in
the computer industry in other coundries. Most previous siadies of cxit have wsed
data from the manufactocing sector as 2 whole {e.g. Dunoe et al.. 1989, henceforth
DRS and Pakes and Ericson. 1990). Needless w0 say, there are merits in studying a
narmowly delined indusiry in which firms face similar mdustey characreristics, even
though the results for the industry may not be applicable to other industries. The
established empirical regularities of previous studies, all relating 1o developed
copniries, canmuit be assumed o hold for fhe Indian compuier industry. [n whal
follows we wse 8 reduced-fonn approach to smady the patterns in the industry and
checl to see if the results ave consistent with any of the existing theories or if new
models are necessacy 1o explain them.

The theoretical models of exit focus on the relgtionship of exit with size and /or
e, This has guided Lhe choice of independent variables in the empirical work on
exil 10 consisl of size and for age. * A general tinding is that exit is negatively
related to current size and age, while the results for entry size are mixed. Using
bi-gnowal US duts on small husinesses, Awdretsel and Mahemood {19920 find exit
o bu nepatively related 1o entry size, whereas DRS find the opposite for data on
US manufacturing plants considering axit owver g S-year period over the census
vears 1967, 1972 and 1977, For annual Porlugucse data, Mata and Portugal (1994)
lind a vegative relationship between exit and entry size.

Duraton models provide un shermnatve method for studving exat. The depeo-
dent variable is the duranon of a fiem in the industry by the end of the sample
period. Hence each firm comesponds to one observation, which in tum does not
gorrespond 1o any particular point in time. Therefore, in dwratton models the

*In aﬂd.i[jan, iowdesery amd L Splane specific duminties may be present.
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independent yvarables are not measured 418 poand in ome bot are taken as averapes
over the measured duranon (cg. Bandopadhyay, 1994). ' Hence for studying the
duration {or equivalently the hazard) of fioms, we take average size over the
measured duration as the past-enlry size. Instead of relating the prohatality ol exit
(hazard} at a poimt in time to size ar that time. doration models relate duration (or
hazard) 1o its average size over the observed survival period.

Similar W some previows studics we also Lake entry size as un explanatory
vatiable. But unlike all previous smdies, both theoretical and ewnpirical, whose
focus was not on infant industries per se, we consider an additional aspect of size.
i.e. the volatility of size over the duration. Infanr indwatries are likely 1o be mcre
dynamic than mature industries due o greater uncertainty, changing information
Mevws und lcarning. These fuctors are Tikely o Jead to volatility in Brm sizes.
Hence, we caamine whether volunility is related o hazard or the probabifity ol
exit. If there is a relationship then future work shouold attempt 1o model s, In
summary then, we examinc the relationship of exir wo three facets of size—entry
Size, posl-enlry average siee and the volalifiy in size {measured by the covaration
in size). Apart from size, we consider the eeladonship of exit w diverafication
(whether or nol a firm 1s diversified into other indostries besides computer) and
ownetship {whether the firm is in the public seetor o private sector). Funally, the
effect of age on hazaed {probabilicy of exit) is given by the nature of duration
dependence and hence does not explicitly appear in the veetor of explanalory
variahles.

In shurt, theoretical analyses of exit, which have guided empincal wok, relate
eait to entty size, post-crlry size and wge. They do i have any implication for
the wvolatitity of size. But in infaot indosines, which zre more common m
developing countries than in developed countries, size is likely to he more volatile
than n the stuble enyironment of mature indostries. Ilence, we check whether
exiting firns are associated with 2 nuome ot less volalile stre puath. Besides
volalility of size the other variable not considered in previous compirical stodics s
whether a firm is in the public or private sectur, This varable is relevant for a
developing conntry like India where the government pliys an uctive role ia the
production process uniike in the developed countres. Of course, Lhe impaer of
these addilional vanables on exit is Lkely to be industry specific.

Our main bindings are: {a) entry wize is positively related to the probability of
exit thazard); (b) post-eniey size s negatively related to hazard; (¢} fioms with
longer duration bave a more voladle time path of size, () harard declines with
time {age} at un increasing rate and (e) diversification as weli as ownership have
Nitlle etfect un harard. A discossion of fhese results 15 given later.

* The mewsured duratiun of & firm & e true daration i the Fm las csied e indvstry dutang the
sumiple peood. Olhervise, 1L ds o nght-censored rundom vadable and the likelihend fnclon s
accordingly adjustedd.
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2. Data

Drita were compiled rom various issucs of a computer magazice, Dataguest,
published by H.C. Gupia on behalf of Cyber Media {India) Lid., New Delti, The
magazine reports for each firm its sales in computer hardware in that year. It alsa
provides information on its birth year. the type of ownership of a fiem {(public or
privatc} and whether it is diversitted into other industries besides computer. Sales
dala are obtained directly from the firms and ave expected to be refiable. The data
get includes M firms over the sample period. These firms muake vp afmost the
entire industry sales in every year. A firm: is said to ‘exit’ when its sales become
low enough {perhaps 0 for it not to be reported in Datagues:. Once a firm is not
listed, it is not observed to come back inlwo the listings, Henge it is reasomable o
treat non-listing a5 exit. There were only a couple of exits that occurred due 1o
mergers. Furthermore, one firm changed its name and is treated as a continuing
firm.

Table 1 reports the frequency distibation of duration of the 74 firms. Among
the 74 firms in the indostry, 38 (s entered the indusory af dilTerent poinis in
lime since 1982-83 and exited by the year 1992-93, while 36 firms entered the
industry since 198283 but did not exit by the year 1992-93. For the firms which
exited the indvstry, the survival Hme varies from | year 1o 7 years, A large number
of firtnx exil within 53 years, with the maxtmum number of exils oecurming when a
firm 15 4 years old. The observed hazard of firms varies anywhere from 0 to 21%.
Since we have a large nomber of censored observations the hazard is computed by
the procedure described in Kiefer ([988). It may be tempting Lo conclude from
Table 1 that the hazard function is nonmonotonic io age (holding constant other
explanatory variables). This cannot be presumed because in Table ! as age

Tuble 1
brequency digiributicn of darstion
Durations wf ficts Number ul Numnber of Cbstryed
o zgee (in yeurs) firms exiting firms censored hazard
1 7 2 0.0
2 7 3 o1
3 ] 5 .15
4 o 4 .21
5 1 d .03
5] 3 2 013
7 3 4 0l6
% [H 3 .00
9 0 T R
10 [E] 2 XL
Tnial EL 36

|
|
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changes s0 do the other explanatory variables, The hazard funchion may or may
net be noomonotonic with age, coteris paribus,

Siee of a firm is measured as real sales in 10000 rpees deflated by the
consumer price index (CPI) (base year = 1985). ' The explanalory variablcs urc
enlry size, covanalion in size, diversification and ownemship, The last two ae
dommy variables which take value 1, respectively, if a fum is diversified and if it
is publicly owned.

3. Econometric analysis

Duration amalysis typically beging with specifying the bazard function divestiy.
The hazard fi(r) represents the instantanecns probabiliny that a firm will exit the
industry in period £+ & for a small &, given that it has survived up to time /. It is
defined as f(7)/5(¢), where f{z} is the density function of f or the age and
S5 = ProtT > ¢} is the survivor function, where T is the duration of the fiom in
the industry. In addition to ¢, (-} depends on a vector of explanatory variables X,
which in our case cunsists of entry size (Esize). average size (Asize), covariation
in size (Costze), diversification dummy (Didum), and ownership dummy (Qdum).
The effect of age on haesrd is implied by dumation dependence, given as
(d/doh{e). Age has a positive (negative} effect on hazard if the duration
dependence is positive (pegative).

First we altempt to model the bazard function semiparametrically as Cox's
proportional hasard model. This s the most widely used semiparametric hazard
function. In this model, A(-) is factored as h(z: X) = expl X80y (£}, where the
vector 3 denotes the coefficients of X and y,0i) is the ‘baseline’ hazard
cormesponding to XZ =0 This model i semiparametric in thal the estimation of
f does not require the knowledge of the baseline hazsrd. However, i assumes that
the effect of X on hazard does not change with time or age. In particular, for our
model, it imphies that the effect of entry size on harard is the same whether a firm
t5 | year uld or 10 years old! Heaee before discussing the resulls it is ioportant to
check the appropriateness of the specification of the model. To test whether Cox s
madel is appropnate for our data we use the recently available test of Horowitz
and Newmann {1992). The tesl statistic, which has 8 Chi-squarcd distribution with
1 degree of freedom, was found 1o be 60806, Hence, the null hypothesis Lhat the
medel is true is rejected at all the wvsoal levels of significance. Therefore, the
estimates from this model are not reported.

* warious mewmires of fiom kizc have heoon uwsed in the literature, much as the walue of assers,
emnployment aml sales. When Jata have besn evailable for the vibous messures, the resnlts huve
generally been invanant to the meosore of size (see DRSS To our case, daz o1 ather beusumes of sie
arg nnt avajlahle to permic confiemacion of cur resules with the varions weaswres of size.
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We now fum to fully parametric models. The log-likelihood function for any

distribution of duration is, in gencral, given by

T4

L= (65 X)) + (1 = Cn(S(4:X,))] (1)

il
where ;=1 if the ith observation is uncensorcd and ) otherwise, f{) is the
density function and S(-) iz the survivor function, The results can be quite
sensitive to the distribution used becanse two different distributions may impose
quile different restrictions oo the hazard tunction. For example, consider the four
commonly used distibulions in duration analysis in economics—exponential,
Weibull, log-normal and log-logistic (sce Greene, 1993, p 718 The cxponential
distribution assumes that the hazard does not change with age (holding X fixed)
whereas Weibull presumes that it changes monotanically with age. Similarly,
lor-normal and log-logiste imply a nonmonotonic havard with a very speeific
form of noamonotonicity, namely, the hazard inidally increases with age at a
nonincreasing rate and then decreases ar a nonincreasiog rave. For a given data set,
all the restrictioms cammot be true simultancously. Hence, as Greene (1993, p. 718)
poinls ool it iv hkely L be coumerproductive o estimale harard Tunctions
assuring different distibubions which imply different restrictions oo the mone-
tonicity of the bazard abont which the researcher is unsure.

In short, 2 mechanical search for robust results across various distributions s
unlikely 1o be successful due to the sensitivity of the resulis to the restrictiuns on
the harard. Hence, o the studies of duration one typically finds that the resnits are
based on one hazard functdon that seems either economically or sratistically
reasonable for the data (e.g. see Bandopadhyay, 1994, or Jageia and Thosar, 1995,
or Mals and Porwapal, 1944 und the references thereing. In our data, for inslance,
the Cox's model implies that the hazard of the probability of exit goes up with
post-entry size whereas the Weibnll hazard goes up monotonically with age!
Hence. we tirsl consider the nature of the two key features of any hazard function,
namely proporionalily snd onolonicity .

S50 far we only know that we can rule owt distributions that imply a hazaed
function that is proportional to age {duration). such as exponential. compound
exponential, Weibnll and Gompertz (see Cox and Gakes, 1984, p. 17) becausc our
data rejected the proportional hasards maodel. We do not want o impose any
testriction on honolooicity becanse that is equivalent to restricting the relationship
of exit tor age. Henge, we need a Acxible harcand funetion that does nol impose any
restriction on monoronicity or the form of nonmonotonicity and has a nenpropor-
tiomal hazard.

In general, mixing cwo disteibutions is a parsimonions way of increasing
NMexibibity fremendously as eonpared with being restricled o either one ol the
component distributions. But mixing distribotions are typically quite complicated.
Haowever, the onc sugpested recently by Tagmia and Thosar (1995} s nol only very
flexible, it also has & closed-form hazard and survival functuon. which makes
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computation quite convenient, In addition, it accounts fur unobserved heterogene-
ity among firms. It s the Weiboll—gamma mixtere. it provides huge Mexibility of
the hazard by increasing the number of paramieters to be estimated only by | as
compared with the log-normal or log-logistic distribution. Weibull which has a
monotonic hazard and log-logistic which has a nonmonotonic hazanl are both
special cases of this inetion {and exponential 15 o speciy! case of Weihull} Since
the log-normal distribution i very similar 1o the log-logistic disributgon, the
former may be considered as a close special case sa that if the log-logistic
distrbution i decisively rojected 1 is wnlikely that the log-nommal distibution will
be rue.

As we see below. the estimates of the Welbull-gamma mixmire imply ehat the
Weitull and log-logistic diseributions are very unlikely to he mue. When we
assame 3 log-nommal distibution we fimd that §t consistently overpredicts the
ohservesd hasard al cach durgpmon. At doaraiioms 4, 5 and 6 where the observed
harards, respectively, are 0.21, 003 and (013 (Table 1) the mean ol predicled
hazard over firms at each of these durations are, respectively, (068, 0RT and (194
This suggests that the specific form of nonmonotonicity in the harards of
log-logistic and lTog-nommal s being tefuted by our data, 'We now turn to the
Weibull -pamma distribution and present it formudly beeaose it is rather regent in
the literature and its flexibility will become clear.

The survivor function for the Welbull—gamma mizture is given by (for details,
sce Jagaia and Thosar, 1995):

Sy =111 (x| @

where @ ? determines the extent of unobserved heterogeneity and e affects the
duratiom depenedence. The hazand function wgoals

exp XBYare!
it o expl XBYT

This is the huzand function we use. Note that the hazard above has a
nonproportiona] form. Alse, it is not obvious [tom Eg. {3) huw 8 relales to the
effect of a repressor on the hazard. The derivative of the bazard with respeot w the
Fih regressor, X, whose cocfiicient is 3, is given by

a1 X)) o exp{ XP )

ax, =h(r;X)E, \l - _Ih-l_—'u'z:%.‘i_p{.xhﬁa "

R XD

{3)

Hence. the effect of 4 repressor on the hazurd bas the same sign ous ity
coefficient. The effect of age on hazard is the duration dependence, 1c0 the
derivative of Jlr X ) with respect we ¢, R0 XY piven as

a—1—otexp{ XE N

HitX)=expl X))ot * i
[1+ e expl X8)e"]

(53
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The sign of ¥{£X) is the same as the sign of (a— 1 — o exp(XENR"),
which, in general, 15 ambiguous. The second derivative of the bazard function is
alse ambiguous in sign a prien. This means that the Weibull-gamma bazard does
not a priori restrict the form of monotonicity (unlike the Weibull or exponential}
or nommonectonicity {unlike the log-normal or log-logistic). The estimated values
of n, fi and o? will determine them for a given data set. Hence the hazard has a
very flexible form. Nore that o < L is a sufficient condition for negative daration
dependence, i.e probability of exit to decline with age. The estimates of the
Weibnll-garnma mixmre are given in Table 2.

It can be seen that all the three size vanables, Esize, Asize and Cosize, as well
as the derabon dependence parameter « and the wnobserved heterogeneity param-
gler o2 are significant at regsonable Tevels. Belore we can use the estimates tfor
any inference a specification test is in order to lormally check whether the
Weibull-gamma assomiption is appropriate. There are many choices such as the
likelihood ratio test or moment tests {see Jaggia and Thosar, 1995, for use of such
Lexts in parametric duration medels). The test statistic for these tests depend on the
mumber of observations and are biased owards rejecting the null in large samples.
Therefors, a2 in Das (1992), we use the traditional Chi-square goodness of fit test
for which the test statistic does nol depend on the sample size {eee Ran, 1973,
chapter ). The nult hypothesis is that the Weibull-gamma specification is true.
The test statistic has 2 degrees of freedom (the number of cells, which are the ten
observed duration values in the sample, minus the number of estimated parameters
(7} minus 1) 1ts sumple: valug is 1.19. Hence we accept the mode] at all the usual
levels of significance and bence use it for inference. Since e ig very far away
fromn 1 (the value at which the Weibull—gamna mixture specializes to log-logistic)
and ¥ {the value ar which the Weibull-gamma mixture specializes o Weibulll we
can confidently conclude that the log-logistic and Weibull distributions ure not
appropriale for oor das,

Now we trn to the discussion of results based on the Weibull-garmma mixmre.

{1) The sign on the Esize varable indicates a pusitive telativnship between the
entry gize of a fivm and the probability of its exit and is opposite of the result in
the earlier studies of Audretsch and Mahmood (1992) and Mata and Portugal
{1994} on developed countries. This resull is interesting and is not implicd by the
widely used Jovanovic {1982) model as well ax the Frank (1988) model. In
Jovanovic's model, the driving factor for all decisions is the time-invariant
managertal abiliry. Hepce, given post-entry size, entry size does not have any
cxplanatory powet {see Pakes and Ericson, 1990, for a detabed analysis, especially
pp. 18 and 19). However. if Jovanovic's model is extended to also allow for
comtemporimeous shocks such as fucluations in market demand or costs to alfect
clerent ontput and profits, a larpe entry size for a given post-entry size indicates a
slow-growing firm facing negative shucks; this in Lum hastens cxit. ° In develop-
ing countries where most industries are infant, flucations in indestry-wide shocks
are likely to be more common than in the mawre environment of developed
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Tuble 2

Estitnaes

Yariable Coefficient Styndard grmor t-ratin
Esiee 1707 G025 1.B2
Asize — 16812 6,231 2,770
Cosiue —T2.208 34,043 R
Didwin, - §.858 13518 14
Cudum 1368 29.B63 041
o 39050 26,80 33

wr? 103,954 13, st 3,54

countrics. Timely response o these shocks and leaming will be crtical for
survival, Since rigidities of various kinds abound in developing countries like
India. a large entry size may become a liability as it hampers flexibility (e.g.
laying off workers is not as easy in India ax in the US) and response to new
information which iz critical at eniry Lime.

{2) Post-entry size (Asize) is negatively related to exit. A large post-eniry size
for a piven entry size Implies that a firm has socceeded in learning and adapting in
the uncertain envitonment of an infant industry. Hence, the result is not surprising.
IL 1% similar to that fownd for mature ndesines in developed countdes and is
consistent with most theoretical models such as the “shake-out hypothesis® (see the
learning medels of Jovanovic, 1982, and Frank, 1988). °

{3) There i ¢ “heneh-mark” prediction about the relationship of volatility of
size path {given by Cosize) and survival. We find that firms with a volatile ime
path of size bave a lower probability of exit. that is, wolatility and exit arc
negatively related, This may not be surprising for iofant industries where there is
likely tir be a huge vanance i information flows to which fimms must respond,
Responziveness to a fast changing enviroament will be reflected in the volanlity of
sales. Those who cannot respond quickly and hence have a less volatile size path
are hikely w exit early, The vahdity of such an explanation shovld be examined in
future: theoretical work.

{4} I is clear from Table 2 that diversification into other industries and
ownership have hittle effect on exit. This may sugeest thal survival in this Indosiry
is very much due to industry or product specific factors and failure in these factors
cannot be made-up by the advantages of diversitication or public sector ownership,

(5) Lastly, we turn to the relationship between age and exit. Since o sizmili-
canthy excesds |, the slope of the hazard in Eq. (5} is ambigoous, Hence, it is
evaluated for each firm osing the data values and the estimaeies. We find that out of
the 74 firms, 38 (nearly 806) have hazards declining with age.

g Wl: _u:c, thunkful to a referee for this explanaticn.
® The “stuke-ont’ model of Chemuwat and Nalcbufs (19853 has the orposite implicatinn.
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In the models of Jovanovic (1982} and Frank {1988), in which firms leam mome
or less passively over time, exit and age are negatively related whereas there is not
much of a relationship in the “active’ leaming model of Ericson and Pakes (1995)
in which firms invest to learn, {n the other hand, in the models of Jovanovic and
Lach {1984) and Lambson (1991), age and cxit are positively telated as younger
fittns {with more cificient techoologies) drive out older firms. For the compurer
industry, which is infant as well as high-tech, all the above forces are likely 1o be
present. The effect of age on hazard observed for a finn will then depend on the
relative sirength of Lhese forees.

Hence, our finding that bazards decline with age for 304 of the firms suggests
that passive learning over time is the dominant force. Further, for 60 vl of 74 the
seeond deryvulive of the hazard 14 negative, thereby implying incteasing relurns to
learming! This could arise doe 10 varicus reasons. Lirst, although firms In mature
as well as infant industries keep leaming abour their own efficiencies over time
and find their niches in the product market as they age, the retums to such learming
may be increasing in an infant industry while it may be diminishing in 4 mature
industry, Second, in an infant industry, " brand-effects” or learning by consnomers
about the existence of a finm's product may increase over the age of the firm and
have a positive impact on its survival (see Das, 1995, for similar evidence on the
growth af surviving [irms).

4, Concluding remarks

This paper studics the duration and hazaed (exit) of ficms in an jafant lndustry
in a developing conntry. The relationship of bazard with post-entry size and age
are similar to those foond jn earlier studies on mature industrics in developed
countries. But that of entry size and haeard is different, Entry siec and exic are
positively reluted in the Imdian compuler hardware industry. Size is a Hability at
enlry ax il hampers respoinse to learning in the rigid environmoent of a developing
country, Interestingly, we also find that the successtul fimms have a more volatile
size path. Further, the estimated hazard function tmplics that there i3 increasing
rofumy b leamning in the Indian computer hardware industry. Finally, it is
surptising to find that diversification and public-scclor pwnership do not provide
additional advantages for survival, therehy suggesting that a firm’s survival in the
Indian compuater bardware industry depends largaly on its produoct,

Since previous studics of exit huve [pcused on matore industries in developed
countries, it would be interesting to study infant indostries i developed countries
also and compare the growth experience Lo that in developing courntries.
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