DEPARTMENT OF ECONOMICS
UNIVERSITY OF CYPRUS

THE ADOPTION OF AN EXPORTING STRATEGY AS A
DIFFUSION PROCESS

Sofronis K. Clerides and
George I. Kassinis

Discussion Paper 2000-02

P.O. Box 20537, 1678 Nicosia, CYPRUS Tel.: ++357-2-892101, Fax: ++357-2-750310
Web site: http://www.econ.ucy.ac.cy

The Adoption of an Exporting Strategy
as a Di usion Process
Sofronis K. Clerides

Department of Economics
University of Cyprus
P.O.Box 20537
CY-1678 Nicosia, Cyprus
sofronis@ucy.ac.cy



George I. Kassinis

Department of Public and Business Administration
University of Cyprus
P.O.Box 20537
CY-1678 Nicosia, Cyprus
kassinis@ucy.ac.cy

February 2000

 Corresponding

author.

The Adoption of an Exporting Strategy
as a Di usion Process
Abstract
We use a detailed plant-level dataset of Colombian manufacturing rms to examine
whether the spread of exporting activity can be characterized as a di usion process.
Our model generalizes standard di usion models to allow for a changing pool of potential adopters and to include rms that abandon the strategy under study. We nd that
the pattern of adoption of the exporting strategy is consistent only with the external
model of di usion, and that the rate of adoption increases over time. This increase
in the adoption rate is entirely exogenous; in particular, it is unrelated to evidence of
improved performance by past adopters.
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1 Introduction
The di usion of technological innovations has attracted the attention of researchers for many
years.1 More recently, attention has also been given to the di usion of corporate governance
mechanisms and strategies across organizations.2 In this paper we examine whether the
adoption of an exporting strategy by rms can be characterized as a di usion process. The
central question is whether the spread of exporting is a result of imitation or of exogenous
factors (which could be either global or rm-speci c). If the latter is the case, it is also
important to identify those factors and assess their e ect on the rate of di usion of exporting
activity. Our approach is motivated by work that points out the similarity of innovations to
strategic choices (O'Neill, Powder and Buchholtz 1998) and by studies that treat the decision
of rms to engage in exporting as an innovation (Lim, Sharkey and Kim 1991).
The statistical appraisal of di usion processes has traditionally been based on the di usion models originally developed in the 1960s and some of their more recent variants.3 We
follow the literature in this regard and extend it by setting up a general framework that is
unique in three important ways. First, it allows the pool of potential adopters to change
over time, as it often does in practice. Second, it incorporates information on both rms
1 Rogers
2 Teece

(1983) reviews the extensive literature on this topic.
(1980) started the literature on governance mechanisms; Abrahamson (1991) is an example of

early work on the di usion of strategies.
3 The original models are due to Mans eld (1961), Coleman, Katz and Menzel (1966), and Bass (1969).
Mahajan and Peterson (1985) and Mahajan and Wind (1986) provide comprehensive reviews of the mathematical models used to represent the di usion of an innovation.
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that adopt the strategy under examination (adopters ) and rms that abandon it (quitters ).
And third, it proceeds with a parameterization of the rate of di usion, allowing us to test
how the latter is a ected by changes in external factors. All commonly used di usion models
can be obtained as special cases of this general framework.
A rm's decision to adopt an exporting strategy has been studied extensively in the
literature. Issues relevant to this study mostly concern the factors that stimulate the initial
adoption of the strategy. The literature suggests that both economic and non-economic
considerations may motivate the adoption of a strategy. The notion of imitation captures
the e ect of both of these factors. In other words, competitive pressures push rms to
copy strategies of others in hopes of realizing gains in performance or reputation. In both
instances the resulting di usion process should be consistent with the imitation model.
In addition to imitation, the adoption of a strategy may be precipitated by conducive
external factors that may a ect performance. Our rich, rm-level dataset of Colombian
manufacturing rms allows us to test for the e ects of several such factors. Exchange rate
uctuations are an obvious candidate: as the local currency depreciates, exports become
more pro table. Moreover, one expects the rate of di usion to be higher when the adopting
rms are performing better than their non-exporting counterparts. We use two di erent
measures of performance to test whether the rate of di usion is a ected by this type of
\informed imitation".
One nal modeling issue pertains to the de nition of the system within which di usion
patterns will be analyzed. Two de nitions are reasonable candidates: we can think of the
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system as being an industrial sector or a geographical region. Both de nitions nd support
in work that looks for (and often nds4 ) evidence that rms are more likely to become
exporters when they are in an export intensive industry or region. We try both approaches
with similar qualitative results.
Our results are quite striking. When we do not take into account the presence of quitters,
the imitation model seems to describe the spread of exporting activity very well. But when
we do include quitters this result is reversed: the imitation model is inconsistent with the
observed process while the external in uence model describes the process well. We nd that
quitters are much more likely to re-adopt an exporting strategy than potential rst-timers.
This result is consistent with the sunk cost story in the economic literature. We further nd
that the rate of adoption increases over time, and this increase appears to be exogenous. We
experimented with several possible explanations (exchange rate uctuations, performance
of past adopters), but none of them could explain this increase in the di usion rate. In
hindsight, this should not be surprising given the poor performance of the imitation model.
The paper is organized as follows. In section 2 we review the relevant literature; in section
3 we specify our model and derive the regression equations to be estimated. In section 4 we
present and discuss the results. Section 5 concludes.
4 See

Clerides, Lach and Tybout (1998) for a recent example.
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2 Literature Review
Given that related literature spans several disciplines, we chose to break this section into three
segments. In the rst, we brie y review relevant aspects of the literature on di usion models;
in the second we look at the treatment of the di usion of strategies across organizations in
the management literature; and in the third we look at the export development process in
the context of the international business literature and examine the relationship between
exporting and rm performance in the economics literature.
2.1 Di usion Models

The di usion process has generally been described using three modeling speci cations: internal in uence (imitation), external in uence, and mixed in uence.
The imitation model. According to the imitation model (Mans eld 1961), the di usion
of an innovation is a result of communication, contact or interaction between prior adopters
and potential adopters within a speci c system (be it an industrial sector, an organizational
eld, a country, a region etc.). Imitative behavior within this system drives the di usion
process. This model, where the rate of di usion is a function of the number that has already
adopted and the remaining potential adopters, can be represented by:
dN (t)
dt

= qN (t)[m

N (t)]

where N (t) is the cumulative number of adopters at time (t), q is the coeÆcient of imitation,
and m is the number of potential adopters in the system (or the market potential). As
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Mahajan and Muller (1994, p. 224) indicate, the term qN (t)[m N (t)] captures the \word
of mouth interaction" in a system.
The external in uence model. In this model (Coleman et al. 1966), the di usion process is
driven exclusively by factors external to the system and there is no imitation behavior. The
rate of di usion or adoption of an innovation thus depends only on the number of adopters
present in the system at time (t). The model can be represented by:
dN (t)
dt

= p[m

N (t)]

where p is a non-negative constant usually de ned as the coeÆcient of external in uence or
coeÆcient of innovation. According to Mahajan and Muller (1994), it represents the impact
of external communication sources.
The mixed in uence model. Lastly, the more general functional form, the mixed in uence model (Bass 1969) subsumes both the imitation and external in uence models. It is
represented by:
dN (t)
= p[m N (t)] + qN (t)[m N (t)]
dt

Di usion modeling has been used to analyze the spread
of not only technological innovations but that of administrative and managerial innovations
as well. Teece (1980), for example, used a \simple deterministic model commonly used to
represent the di usion of technological innovations...to explain the di usion of the [multidivisional administrative structure] M-Form in large industrial rms." Teece found that the
M-form innovation is subject to a di usion process and follows a logistic function similar to
Applications of di usion models.
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that which describes the di usion of a technological innovation. The satisfactory performance
of his model as well as the \similarities between the di usion processes a ecting technological
and administrative innovations" revealed by his ndings indicate that \other insights from
the study of the economics of technological innovation may be fruitfully applied to the domain
of administrative and organizational innovation" (Teece 1980, p. 470).
Mahajan, Sharma and Bettis (1988) went a step further and used di usion modeling to
examine whether the adoption of an administrative innovation (again the M-form) is due
to imitation behavior. They concluded that the adoption is a random walk process and
suggested that the spread of complex administrative innovations may not be a result of
imitation. The authors present a series of reasons why this may be so that include: organizational inertia (i.e., relative to that of a technological innovation, the adoption of an
administrative innovation may su er from organizational momentum); inability to partially
adopt the innovation; the existence of unique implementation risks associated with adoption (i.e., organizational innovations have unique structures that may not be amenable to
imitation); and, lastly, the fact that imitation may be industry speci c (Mahajan et al. 1988).
Mahajan et al.'s results were re ned and partly reversed by the work of Venkatraman,
Loh and Koh (1994). Their work applies the di usion of innovation perspective to examine
the in uences on the adoption of two corporate governance mechanisms{joint ventures and
the M-form. Their results support their theory of imitative behavior in the di usion of joint
ventures. Their models were tested using both multi-sector data as well as data from the
information technology sector with the imitation model outperforming all other speci ca-
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tions. Regarding the di usion of the M-form structure, they reanalyzed Mahajan et al.'s
data using NLS estimation methods (Mahajan et al. used only OLS) and contrary to the
earlier ndings' support of a random walk process, they found both the external and mixed
in uence models to be statistically signi cant.
2.2 The di usion of strategies in the management literature

Building on earlier work,5 O'Neill et al. (1998) argue that research on the di usion of innovations may provide insights into why and how strategies (both eÆcient and ineÆcient) di use
across organizations given the similarity of strategic choices to innovations. The adoption of
a strategy remains, however, \more encompassing than [the adoption of] an administrative
innovation" since a strategy alters the number and mix of products an organization produces
and the population it serves. In addition, \most strategic choices will tend to have a greater
economic impact on an organization than administrative innovations" and may cause signi cant shifts in performance (O'Neill et al. 1998, p. 98). Institutional explanations of the
di usion of innovation argue that although \early adopters of organizational innovation are
driven by a desire to improve performance" as innovation spreads \a threshold is reached
beyond which adoption provides legitimacy rather than improve performance" (DiMaggio
and Powell 1983, p. 148, cited in O'Neill et al. 1998, p. 98). Speci cally, Abrahamson
and Rosenkopf (1993, p. 487) indicate that \the sheer number of organizations adopting
an innovation can cause a bandwagon pressure, prompting other organizations to adopt this
5 Abrahamson

(1991), Abrahamson and Rosenkopf (1993), Abrahamson (1996), Abrahamson and Fom-

brun (1994).
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innovation." Such bandwagons are, in other words, \di usion processes wherein adopters
choose an innovation not because of its technical merits [or success] but because of the numbers of adoptions that have already taken place" (O'Neill et al. 1998, p. 100). Institutional
bandwagon pressures may be seen as a result of fears of non-adopters of appearing di erent
from the numerous adopters (Abrahamson and Rosenkopf 1993). Moreover, \competitive
bandwagon pressures occur because non-adopters fear below-average performance if many
competitors pro t from adopting" (Abrahamson and Rosenkopf 1993, p. 487). Contrary to
such descriptions of bandwagon e ects, Oliver's work (1991) describes how some rms may
resist institutional pressures to conform to the adoption of popular strategies{with some
organizations adopting a change and others resisting it. She shows that the di usion process
is time dependent and that this dependence is partly a ected by the relationship between
the characteristics of the strategy or innovation and those of the organizations that may
consider it for adoption (O'Neill et al. 1998).
Despite the di ering views outlined above, competitive pressures seem to push (at least
some) rms to copy the innovative strategies of others in hopes of realizing the gains (in
performance or reputation) of earlier adopters (O'Neill et al. 1998). Imitation, then, emerges
as a factor in the di usion of a strategy or a managerial innovation. In fact, as Kimberly
(1981, p. 87) notes, \imitation is likely to play a more signi cant role in the di usion and
adoption of managerial innovation than technological innovation" while O'Neill et al. (1998,
p. 101) indicate that successful strategic actions are imitated by other organizations because
such actions are \rarely patentable and often portable". However, MacMillan, McCa ery
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and Van Wijk (1985) and Dewar and Dutton (1986) found that organizational inertia and the
properties of an innovation, such as its complexity, may delay or even prevent its imitation
by competing organizations. Moreover, environmental uncertainty may in uence both the
adoption and the di usion rate of strategic changes (Jarvidan 1984, Smith and Grimm
1987, Zajac and Shortell 1989).
2.3 Exporting strategies and rm performance

Exporting and exporting strategies have been studied in a variety of literatures. For example,
the international business literature deals extensively with the adoption of exporting strategies by rms. Relevant models draw from disciplines such as management and organization
theory, international trade, location theory, and di usion of innovation theory (Leonidou and
Katsikeas 1996). For this paper, relevant aspects of this research include the examination of
factors that facilitate and/or inhibit the adoption of an exporting strategy. These include
the role of information and learning, the role of rm resources and capabilities, as well as
the role of the rm's external (competitive) environment in the adoption and development
of its exporting strategy (Bilkey 1978, Johanson and Wiedersheim-Paul 1975, Johanson and
Vahlne 1977, 1990). Moreover, there are models { directly in uenced by the work of Rogers
(1983) (Andersen 1993) { that attempt to explain exporting from an innovation adoption
perspective. They focus on the learning sequence associated with the adoption of innovation
and treat the decision to adopt an exporting strategy as an innovation for the rm (Lee and
Brasch 1978, Reid 1981, Lim et al. 1991). A general critique of all models in this eld of
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research focuses on the fact that they are mostly tested in single-country contexts, on rms
representing a limited number of industrial sectors, and, with few exceptions, on small- and
medium-sized manufacturing rms. Lastly, the absence of longitudinal data limits their
explanatory abilities (Andersen 1993, Leonidou and Katsikeas 1996).
The economics literature has also dealt with exporting. Speci cally, there is an extensive
literature that documents the positive relationship between exporting and rm performance.6
Moreover, at least two papers (Clerides et al. 1998, Bernard and Jensen 1999) go a step
further and examine the direction of causality, i.e., whether exporting leads to eÆciency
gains ( rms learn to be more eÆcient from their interactions in world markets) or whether
more eÆcient rms \self-select into export markets because the returns to doing so are
relatively high for them" (i.e., eÆcient rms export because they are better equipped to face
international competition).7
Prior work on the determinants of exporting is surprisingly limited and mostly at the
aggregate level. Roberts and Tybout (1997) was one of the rst papers to use plant-level data
in order to examine the rm's decision to export in Colombia in the context of a dynamic
model. Bernard and Jensen (1997) used the same model on U.S. data. Both papers nd
that exporting is related to movements in the exchange rate and to rm characteristics such
as size, age, foreign ownership, and corporate status. Some papers have examined the role of
6A

non-exhaustive list includes Aitken, Hanson and Harrison (1997), Aw and Hwang (1995), Bernard

and Jensen (1999), Handoussa, Nishimizu and Page (1986), Tybout and Westbrook (1995), Clerides et al.
(1998).
7 Clerides et al. (1998, p. 904).
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spillovers in the export decision. Aitken et al. (1997) estimated a static model on Mexican
data and found evidence of spillovers from multinational enterprises, but not of regional
or industry spillovers. Clerides et al. (1998) used a dynamic model to look for productivity
spillovers due to exporting. They found such evidence for some industries in their Colombian
data, while in the case of Morocco the results were mixed and inconclusive.
A number of studies also investigate the existence of positive regional or sector-speci c
externalities. In other words, they ask whether a rm is more likely to become an exporter if it
is in an export-intensive industry or export-oriented region. Such externalities may manifest
themselves as knowledge spillovers, as upgrades of transport infrastructure bene ting both
exporters and non-exporters as well as export related services (Clerides et al. 1998, p. 904).
The Roberts and Tybout (1997) and Bernard and Jensen (1997) studies also nd evidence
of sunk costs in exporting, where sunk costs are one-time costs that are incurred when a
rm enters the export market. These can be the costs of doing market research, establishing
contacts and distribution networks, and so on. In our context we can think of these as the
costs of adoption of the new strategy.

3 Model Speci cation
The di usion models that have appeared in the literature so far are not rich enough to take
full advantage of our data. Hence we generalize the models to allow for quitters, as well as
adopters, and to allow for a changing pool of potential adopters. In this section we provide
an outline of our modeling strategy. We refer the interested reader to the appendix for the
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technical details.
3.1 Incorporating quitters

We think of the process starting at some unknown time T0 in the past and continuing
through time. In periods t = 1; : : : ; T we observe the following variables:
N (t) = the number of

rms who are using the strategy at time t;
x(t) = the number of new adopters at time t;
y (t) = the number of quitters at time t.
We further de ne some new variables to assist us with our calculations:
x (t)  x(t) y (t), net adoption:
X (t)
Y (t)

 Pt =
 Pt =

T0
T0

the di erence between adopters and quitters at time t;
x( ), the cumulative number of adopters up to time t;
y ( ), the cumulative number of quitters up to time t.

Our extension is based on a simple idea: the rate of di usion should depend not only on
the number of new adopters, but also on the number of users who decide to abandon the
strategy. We rst illustrate this using Coleman et al.'s external in uence model. Recall that
the original model is
dN (t)
dt

= p[m

N (t)]:

Our generalization takes the following form:
dN (t)
dt

= p0 [m(t)

X (t)] + p1 [X (t) N (t)]:
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Note that if p0 = p1 and m(t) = m for all t then our model reduces to Coleman's model.
Essentially our modi cation allows the rate of adoption to di er among two groups: those
who never adopted, m(t) X (t), and those who once adopted and then abandoned, m(t)
N (t).
The regression analogue of this model can be shown to be:
x (t) = p0 [m(t 1)

x(t

1)] + p1 y(t 1):

(1)

The main di erence between this regression equation and the one delivered by the standard
model is the inclusion in this one of the number of quitters, y(t 1).
The same idea is applied to Mans eld's (1961) internal in uence (imitation) model. The
original model is
dN (t)
dt

= q(m

N (t))N (t):

We generalize it in a similar fashion as the external in uence model:
dN (t)
dt

h
= q0 Nm((tt)) m(t)

i

X (t)

The regression analogue in this case is

h

x (t) = q0 x(t

h
+ q1 Nm((tt)) (X (t)
i

i

N (t) :

1) [L(t 1)X (t 1)] + q1 [L(t 1)Y (t 1)];

(2)

where L(t) = N (t)=m(t). Again, the main di erence with the standard equation is the
inclusion of the last term, which is a count of the cumulative number of quitters. This
introduces a data problem. The term Y (t 1) is the number of quitters since the beginning
of the process. This information is not available to us; we only know the number of quitters
13

from the time we started observing the process, time t = 1. This forces us to make an
assumption about the number of quitters prior to time t = 1. We experimented with di erent
assumptions and found that our qualitative conclusions are not a ected by our choice. The
results we report assume that there were zero quitters up to time t = 0.
3.2 Analyzing the factors that a ect the rate of di usion

We further generalize the model to allow external factors to a ect the rate of di usion
of exporting. We implement this modi cation as a parameterization of the coeÆcients of
in uence. For example, in equation (1) we write p0 = 0 + 0z(t 1) and p1 = 1 + 0z(t 1),
where z(t 1) is a vector of variables that may a ect the rate of di usion, and 0, 1 and
are parameters. The regression equation then becomes
p

p

p

x (t) = ( 0 + 0z(t 1)) [m(t 1)
p

=

p0

[m(t 1)

+ 0[m(t 1)

x(t
x(t

1)] +

p

x(t

1)] + ( 1 + 0z(t 1)) y(t 1)

y (t

1)

p1

p

1) + y(t 1)] z(t 1):

(3)

This allows us to capture the e ect of any variables of interest on the rate of di usion of
exporting activity.

14

4 Results and implications
The data we utilize in this study come from manufacturing surveys in Colombia.8 The
dataset is quite comprehensive as it covers every plant with at least 10 workers for the years
1981-91. Our nal sample includes 13,625 rms, about half of which are in the sample for
the whole 11-year period, while the rest enter the market during the sample period. These
rms belong to 29 di erent manufacturing sectors (de ned at the three-digit level) and to
12 di erent geographical regions. This gives us a total of 261 observations when we examine
industrial level di usion and 108 observations when we look at regional level di usion.
We estimate all three versions of the model and present the results in Table 1.9 For
comparison purposes we also present the results from the standard formulations, where
the number of potential adopters is xed and there are no quitters. The three columns
correspond to the external in uence, imitation, and mixed models respectively. The results
are quite revealing. The rst panel (without quitters) shows the imitation model to be the one
describing the di usion of exporting best. Hence if we were to stop here we would conclude
that the di usion of exporting is characterized by imitation. But we would be grossly misled
because this conclusion is reversed when we introduce quitters into the model (second panel).
The coeÆcient q0 in the imitation model is now estimated to be strongly negative, which is
inconsistent with the theoretical model. The external model, on the other hand, does quite a
8 The

same dataset has been used in other studies, including Roberts and Tybout (1997) and Clerides et

al. (1998).
9 We estimated the model using both de nitions of what our cluster is (industrial sector or geographical
region). The results were qualitatively the same, so we report only those at the industry level.
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bit better. All coeÆcients are positive and strongly signi cant except p0 in the variable m(t)
case, which is practically zero. It is interesting that both coeÆcients are markedly smaller
with variable as opposed to xed number of potential adopters. Nonetheless, the external
model is a better descriptor of the pattern of di usion of the exporting strategy. Note that
the cumulative number of quitters Y (t) does not enter the external model, so our result is
not dependent on the assumption on Y (0).
INSERT TABLE 1

The importance of keeping track of rms that abandon a strategy is further demonstrated
by the fact that p1 > p0 in every speci cation. In other words, the rate of di usion among
rms that had adopted an exporting strategy in the past only to abandon it later is higher
than the rate among rms that have never exported before. This is an important result that
is consistent with the sunk cost story that comes from the economics literature. The crux of
the story is that the cost of re-adopting a certain strategy is lower than the cost of adopting
it for the rst time.
So imitation fails to play a signi cant role in the di usion of exporting strategies. A
variety of factors may limit its importance. First of all the sheer complexity of the strategy
may pose problems. The strategy may entail changes in the number and mix of products a
rm produces as well as changes in the population it serves and, thus, cause implementation
diÆculties. Sunk costs, discussed above, are also relevant in this context. Adopting the
strategy successfully may entail among other things increasing a rm's production capacity
or upgrading the quality of its products, intimate knowledge of foreign markets and access
16

to those markets. Such measures may be risky and may necessitate signi cant resource
reallocation that may reduce the possibility of imitative behavior. Organizational inertia
and speci c industry characteristics may also prevent rms from imitating competitors.
Finally, possible knowledge of the fact that adopting an exporting strategy does not appear to
improve rm performance may also tame imitative behavior. The latter may be particularly
relevant with respect to the e ect on potential adopters of the negative experiences of quitters
(which may be discounted accordingly).
Having established that the external model provides a more accurate depiction of the
di usion process of exporting, we proceed to investigate the speci c factors that a ect the
rate of di usion. We are interested in two main types of e ects. One type includes e ects that
are completely exogenous to the system. The most important of those is the exchange rate.
A high exchange rate (expressed as local currency per U.S. dollar) will render exported goods
cheaper and thus increase exports. This should have a positive e ect on the rate of adoption
of an exporting strategy. The other type of e ect comes from within the system. Speci cally,
we want to test if the performance of current exporters a ects the rate of adoption of an
exporting orientation by non-exporters. To that end we experiment with two measures of
rm performance: value added as a percentage of total output, and rate of growth of output.
Our conjecture is that if exporters perform better than non-exporters on average, then some
of the latter might be induced to enter the export market.
We test these hypotheses using equation (3), where for each regression the vector z
includes just one of the explanatory variables: the exchange rate, a time trend, and one of

17

the performance measures described above. The results are shown in Table 2. Interestingly,
the most signi cant variable is the time trend. This suggests that there is a growing (over
time) tendency for rms to export that is independent of short-term uctuations in the
number of adopters. It is perhaps surprising that the exchange rate does not do as well in
capturing the intertemporal uctuations in the rate of adoption: it has the expected positive
sign, but it is not signi cant statistically. This could be due to the short panel { only 9 years
{ that does not enable the model to capture the e ect of the exchange rate with the required
precision.
INSERT TABLE 2

The fact that the performance measures have very little explanatory power may not be
surprising given the poor performance of the imitation model. These variables could be
important if imitation was important since imitation is at least partly driven by the desire
to imitate other rms' pro ts or exceptional performance. Clearly there is no such evidence
in our data.

5 Conclusion
In this paper we investigate the di usion pattern of exporting activity among rms in the
same industrial or regional cluster. Our prime goal is to establish whether the spread of
exporting follows one or more of the patterns associated with the di usion models that have
been used heavily to model the di usion of innovations. We embark on this analysis using
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a very general framework that nests all standard di usion models. The framework allows
for a changing number of potential adopters and incorporates the potential e ect of rms
that abandon the strategy. Moreover, we go beyond a mere assessment of the validity of the
various models. Having established what the appropriate model is, we proceed to analyze
the various factors { external or internal (imitation) { that may a ect the rate of di usion
of the exporting strategy.
We nd that imitation is not a signi cant determinant of the rate of adoption of an
exporting strategy. Rather, the process is consistent with the external di usion model, with
the added feature that the rate of di usion increases exogenously over time. These results
suggest that the decision to adopt an exporting strategy is internal to the rm and unrelated
to trends in the rm's surrounding environment. In other words, the rm bases its decision
on its own assessment of the strategy's pro tability and not on the success others may have
had with it.
Our paper demonstrates that simple deterministic models can perform well in describing
the di usion of strategies. Thus future research can use the models to examine the di usion
of other strategies in di erent competitive environments and shed more light on the factors
that in uence such processes.
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A Appendix: Derivations
A.1 Preliminaries

We start by providing some simple but useful identities that follow from the de nitions given
in section 3. The number of current users N (t) is the di erence between the cumulative
number of adopters and quitters from time T0 to time t:
N (t)

X [x( )
t

=

 = T0

X x( ):
t

=

 = T0

Note that
N (t)

y ( )]

=

N (t

1) + x(t)

y (t)

=

N (t

1) + x (t):

Now consider X (t), the total number of adopters regardless of whether they quit or not.
We de ne it as
X (t)

=
=
=

X x( )
t

 = T0

X [x( )
t

 = T0

X y( )
y ( )] +
t

 = T0

N (t) + Y (t)

Note that we know N (t) but we do not know Y (t) because we do not observe quitters prior
to time 1. We break up Y (t) into two terms:
Y (t)

=

X y( ) + X y( ):
0

t

 = T0

 =1
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The second term counts the total number of quitters in our sample period. The rst term
is the cumulative number of quitters prior to the beginning of our sample, and is therefore
unobserved. We approximate for it in our estimation.
A.2 Derivation of the external in uence model

We start from
dN (t)
dt

= p0 [m(t)

X (t)] + p1 [X (t) N (t)]:

In discrete time the above takes the following form:
N (t) N (t

Since N (t)

N (t

1) = x(t)

x (t)
x (t

1) = p0 [m(t 1)

X (t

1)] + p1 [X (t 1)

N (t

1)]:

y (t)  x (t) we have

=

p0 [m(t

1)

X (t

1)] + p1 [X (t 1)

N (t

1)]

1) =

p0 [m(t

2)

X (t

2)] + p1 [X (t 2)

N (t

2)];

which implies that
x (t) =

p0 [(m(t

1)

m(t

+ p1 [(X (t 1)
=

p0 [m(t

2)) (X (t 1)

X (t

X (t

2)) (N (t 1)

2))]

N (t

2))]

1) X (t 1)] + p1 [X (t 1) N (t 1)]

After we substitute X (t 1) = x(t 1) and N (t 1) = x (t 1) we end up with
x (t) = p0 [m(t 1)
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x(t

1)] + p1 y(t 1):

(4)

Expression (4) gives the regression analogue to the external in uence model in its more
general form. From this we can get the model with xed m (still with quitters),
x (t) = (1 p0 ) x(t

1) (1

p1 ) y (t

1);

(5)

the model with variable m(t) but no quitters,
x(t) = p [m(t 1)

x(t

1)];

(6)

and the model with both a xed m and no quitters (that is, the standard external in uence
model):
x(t) = (1 p) x(t

1):

(7)

A.3 Derivation of the internal in uence model

We start from
dN (t)
dt

h
= q0 Nm((tt)) m(t)

i

X (t)

h
+ q1 Nm((tt)) (X (t)

i

N (t) ;

We de ne L(t)  N (t)=m(t) and discretize the above expression to get
N (t) N (t

1) = q0 L(t 1) [m(t 1)

X (t

1)] + q1 L(t 1) [X (t 1)

N (t

1)];

which implies that
x (t)
x (t

=

q0 L(t

1) [m(t 1)

X (t

1)] + q1 L(t 1) [X (t 1)

N (t

1)]

1) =

q0 L(t

2) [m(t 2)

X (t

2)] + q1 L(t 2) [X (t 2)

N (t

2)]:
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Hence,
x (t) =

q0

h

i

[m(t 1)L(t 1)] [L(t 1)X (t 1)]

h

i

+ q1 [L(t 1)X (t 1)] [L(t 1)N (t 1)] :
Both terms in square brackets simplify to give
x (t) = q0

h

x (t

i

1) [L(t 1)X (t 1)] + q1 [L(t 1)Y (t 1)]:

(8)

Again, this is the more general version of the model. In the version with xed m the
variable L(t) is replace by N (t)=m and the regression analogue is

h

x (t) = q0 x (t

i

1) (1=m) [N (t 1)X (t 1)] + q1 (1=m) [N (t 1)Y (t 1)]: (9)

The model with variable m(t) but no quitters (which means x(t) = x (t), N (t) = X (t)
and y(t) = Y (t) = 0 8t) becomes

h

i

x(t) = q x(t 1) [L(t 1)N (t 1)] ;
and the model with both xed m and no quitters:

h

i

x(t) = q x(t 1) (1=m) [N 2(t 1)] :

(10)

(11)

A.4 Putting together the mixed in uence model

The mixed in uence model is an additive combination of the external and internal in uence
models (when in di erence form). The derivation is thus trivial, so here we just list the
equations for each version of the model.
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The full version is
x (t)

=

p0

h

m(t 1)

+ q0

h

x (t

x(t

i

1) + p1 y(t 1)

i

1) [L(t 1)X (t 1)]

+ q1 [L(t 1)Y (t 1)];

(12)

the version with xed m and quitters is
x (t)

= (1

p0 + q0 ) x(t
q0 (1=m) [N (t

1) + (1 + p1

q0 ) y (t

1)

1)X (t 1)] + q1 (1=m) [N (t 1)Y (t 1)];

(13)

the version with variable m(t) and no quitters is
x(t) = p [m(t)

x(t

1)] + q [x(t 1) [L(t 1)N (t 1)]] ;

(14)

and the version with both xed m and no quitters:
x(t) = (1 p + q ) x(t

1)

q (1=m) N 2 (t

1):

(15)
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Table 1: Basic results
Without quitters

Potential Paraadopters meters

External

Fixed

-.089***

p
q

Variable

R 2

.872

p

-.036***

q
R 2

.028

Model estimates
Internal

Mixed

.106***
.046

.165
.288*
.873

.105***
.047

-.026**
.090***
.060

With quitters

Potential Paraadopters meters
Fixed

p0 , p1

External
.370*** .645***

q0 , q1
R 2

Variable

p0 , p1

.376
-.003 .254***

q0 , q1
R 2

Model estimates
Internal

.088

-.796*** .758***
.213

Mixed
.688* .745**
.139 1.68*
.387

-.000 .248***
-.676*** .842*** -.501*** -.308
.176
.197

Note: * denotes signi cance at the 10% level, ** at the 5% level, and *** at
the 1% level.
30

Table 2: Factors a ecting the rate of di usion
Variable

Estimate p-value

Exchange rate
Time trend
Di erence in growth rates
Di . in value added / unit of output

.156
.013*
.028
-.164

.202
.056
.270
.711

Model R2
.091
.098
.089
.085

Note: * denotes signi cance at the 10% level, ** at the 5% level, and *** at
the 1% level.
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