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Dimensions of National Culture and Corporate
Adoption of IT Infrastructure

Ivan P. L. Png, Bernard C. Y. Tan, and Khai-Ling Wee

Abstract—Corporate adoption of information technology (IT)
infrastructure is a critical management issue that may be affected
by national culture. Prior research has shown that dimensions of
national culture affect development of national IT infrastructure
as well as adoption and impact of IT applications. This study ex-
plores the impact of two dimensions of national culture (uncer-
tainty avoidance and power distance) on the adoption of a type of
IT infrastructure (frame relay). A multinational survey was car-
ried out, and it yielded useable responses from 153 businesses from
24 countries. The results demonstrated that businesses from higher
uncertainty avoidance countries were less likely to adopt frame
relay. A one-point increase in Hofstede’s [15] uncertainty avoid-
ance index for the country of incorporation was associated with a
3% lower likelihood of adopting frame relay. Power distance was
not significantly correlated with adoption of frame relay. These re-
sults highlight the relevance of dimensions of national culture as
factors affecting corporate adoption of IT infrastructure. Implica-
tions for practice and further research are presented.

Index Terms—Frame relay, information technology (IT) infra-
structure, national culture, power distance, uncertainty avoidance.

I. INTRODUCTION

GLOBAL increases in incomes, falling barriers to trade and
investment, and reductions in transportation and commu-

nication costs are driving rapid growth of international trade and
investment. Information technology (IT) plays a critical role in
this growth of international trade and investment. With IT, for-
eign exchange traders can almost instantaneously arbitrage dif-
ferentials in exchange rates between Tokyo and London, a cor-
porate headquarters in the United States can monitor production
in a Brazilian plant in real time, and an Australian retailer can
reorder supplies from a Chinese manufacturer with minimal ef-
fort. Owing to the key role of IT in international trade and in-
vestment, it is important for international service providers and
corporate managers to understand how national differences may
affect corporate adoption and application of IT [1], [17].

Swanson [35] grouped corporate IT innovations under three
cores: applications that are confined within the IT function, ap-
plications that extend beyond the IT function to the administra-
tive core, and applications that extend beyond the IT function to
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the business core. Groveret al.[13] emphasized the importance
of a fourth core: IT infrastructure that cuts across Swanson’s
[35] three application cores. IT infrastructure forms the back-
bone on which IT applications (e.g., e-mail and video-confer-
encing) supporting international trade and investment are built.
Prior scholarship on the impact of national culture on corporate
adoption of IT has emphasized the three application cores and
not considered IT infrastructure. Previous research into corpo-
rate adoption of IT infrastructure has focused on the effects of
organizational differences like environmental uncertainty, size,
slack, and centralization (e.g., [14] and [21]). These studies,
however, have considered only U.S. companies and have not ac-
counted for the effects of national differences.

Countries differ on a number of factors that would affect the
costs and benefits of IT adoption. One factor is national policy.
For example, new IT should diffuse more quickly in a country
where the government provides tax incentives for IT expendi-
ture. Another factor is resource availability. For instance, new
IT should be accepted more readily in countries where there is
a large supply of IT skilled workers and where suppliers of IT
equipment and services abound. There is one other important
factor on which countries clearly do vary. This factor is national
culture. Despite its importance [16], its impact on IT adoption
is poorly understood due to a lack of research.1

The preceding discussion raises an interesting issue. Strong
international trade and investment gives rise to global busi-
nesses. Global businesses rely on IT infrastructure (which
supports IT applications) to function effectively. And due to
cultural differences, these businesses are likely to differ in
terms of their inclination to adopt IT infrastructure. To facilitate
global businesses, international service providers and corporate
managers need to know precisely how cultural differences
may affect corporate adoption of IT infrastructure. Yet, there
is a clear lack of research in this area. To inform and equip
international service providers and corporate managers on the
effective management of global businesses, this study investi-
gates how national culture may impact corporate adoption of
IT infrastructure.

II. L ITERATURE AND HYPOTHESES

A. National Culture

In a classic study involving 116 000 subjects from 50 coun-
tries or regions, Hofstede [15] identified four main dimensions

1Research into organizational adoption of IT in general has not considered
national or cultural factors (e.g., [4], [11], [13], and [35]).
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of national culture: uncertainty avoidance, power distance, in-
dividualism–collectivism, and masculinity–femininity.2 Uncer-
tainty avoidance is the extent to which members of a culture
feel threatened by uncertain or unknown situations. Power dis-
tance is the extent to which members of a culture expect and ac-
cept that power is distributed unequally. Individualism describes
cultures in which task prevails over relationship, whereas col-
lectivism describes cultures in which relationship prevails over
task. Masculinity describes cultures in which social gender roles
are distinct, whereas femininity describes cultures in which so-
cial gender roles overlap. These four dimensions of national cul-
ture have been the bases for numerous empirical studies in a
variety of disciplines [33]. Several studies have confirmed the
validity of these four dimensions of national culture (e.g., [30]
and [31]).

A growing number of IT empirical studies have also used
these dimensions to account for the results observed. Straub
[34] reported significant differences between American and
Japanese knowledge workers in their perception of usefulness
and actual use of e-mail and fax. He attributed this disparity
to differences in uncertainty avoidance. Watsonet al. [41]
and Tanet al. [36] argued that national culture could affect
the outcome of using computer-mediated communication.
Through two studies that compared Singapore with U.S.
groups, they reported that power distance moderated the impact
of computer-mediated communication on status influence [38],
whereas individualism–collectivism moderated the impact of
computer-mediated communication on majority influence [37].
In a study comparing Mexico with U.S. groups, Meijaset
al. [25] showed that national culture affected the outcome of
using a group support system. Martinsons and Westwood [24]
elaborated on the mechanisms through which national culture
might shape the use of IT applications. Collectively, these
studies suggest that dimensions of national culture can affect
how people actually use IT applications.

Ein-Dor et al. [8] discussed the effects of national culture on
the implementation of international IT applications. Martinsons
and Revenaugh [23] proposed a number of ways though which
the four dimensions of national culture might affect the plan-
ning and implementation of IT applications. Shore and Venkat-
achalam [32] argued that analysis and design of software could
be sensitive to differences in power distance and uncertainty
avoidance. In a study involving three national cultures (Singa-
pore, The Netherlands, and Finland), Keilet al. [19] reported
that uncertainty avoidance affected decision making during soft-
ware project management. Together, these studies suggest that
dimensions of national culture can affect the implementation of
IT applications. Beyond the use and implementation of IT ap-
plications, Burnet al.[3] suggested that the information society
as a whole might partly be shaped by national culture. The suc-
cessful use of Hofstede’s [15] work by many scholars to account

2Hofstede’s [15] indexes for these four dimensions of national culture have
some limitations. Specifically, these indexes were based on responses of em-
ployees from one organization (i.e., IBM). Also, certain items in the instrument
were not face valid. However, the addition of other items based on Hofstede’s
[15] four dimensions of national culture can resolve the problem of face validity
[9].

for their empirical results suggests that these four dimensions of
national culture are valid and relevant to IT research today.

Although all of these four dimensions of national culture may
be important to IT research conducted at the level of individuals,
Hofstede [16] argued that uncertainty avoidance and power dis-
tance should be especially relevant for research carried out at
the level of organizations. This was because uncertainty avoid-
ance and power distance could jointly determine key aspects of
corporate behavior, such as distribution of decision authority, es-
tablishment of rules and methods, and management of risks and
ambiguity [16]. For these reasons, Shore and Venkatachalam
[32] concentrated on uncertainty avoidance and power distance
in their study conducted at the level of organizations. In a rare
study that investigated the relationship between national cul-
ture and national IT infrastructure, Garfield and Watson [10] ac-
counted for differences observed in national IT infrastructure of
eight countries using uncertainty avoidance and power distance.
Because this study involves IT infrastructure and corporate deci-
sions, we focus on the two most relevant dimensions of national
culture: uncertainty avoidance and power distance.

B. IT Infrastructure

Global businesses depend on telecommunications for effec-
tive day-to-day operations. Telecommunications provide these
businesses with voice and data connectivity across locations
spanning large distances. But telecommunications is possible
only with the underlying IT infrastructure that transports the
voice and data. International service providers offer several
types of underlying IT infrastructure to meet corporate de-
mands: private leased circuits, ISDN, X.25, and frame relay.

Private leased circuits and ISDN provide exclusive telecom-
munications channels for businesses. By contrast, X.25 and
frame relay are protocols for packet-switching across shared
telecommunications channels. As the older technology, X.25
has two major technical limitations. Its maximum bandwidth
is 64 kbps, and it cannot accommodate voice transmission.
Frame relay offers a much higher bandwidth of up to 6 Mbps,
and it can carry voice as well as data transmission. Panko [28]
provides more insights into these comparisons.

There are significant differences among the pricing structure
of the various types of IT infrastructure. Private leased circuits
and ISDN are priced on the basis of a fixed monthly charge
that depends on the bandwidth. X.25 is typically priced on the
basis of usage as measured by quantity of data and duration of
transmission. As discussed below, the pricing structure of frame
relay is unique.

Frame relay [12] was introduced in the United States in
March 1991 and in Finland later that year. It was introduced
in Japan in early 1993. Corporate telecommunications are
characterized by an episodic need for high bandwidth with low
latency. Frame relay was designed to meet this need. Typically,
the user pays a fixed monthly charge for voice and data
transmission at a committed bandwidth while being allowed
transmission at double the committed bandwidth or higher with
no guarantee of service. By contrast, private leased circuits are
priced on the basis of a fixed bandwidth with no allowance for
higher bandwidth. Moreover, international service providers
generally set lower prices for frame relay than for private leased
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TABLE I
PRICING OF FRAME RELAY VERSUSPRIVATE LEASED CIRCUITS

Source:Asia Pacific Telecommunications Index Report[2]

Note: Prices are based on that charged by the main international service provider in the respec-
tive country for 64 kbps bandwidth from each business city to New York by frame relay and pri-
vate leased circuits. These prices have been converted to U.S. dollars based on an average of the
exchange rates over the period June 1996 to May 1997. The names of the international service
providers are in parentheses.

TABLE II
CORPORATETELECOMMUNICATIONS PLANNING

Source:Data Communications[5]–[7]

Note: The 1997 survey asked respondents about usage of international services while the 1995
and 1996 surveys asked respondents about services in general. Hence, the 1997 responses are not
strictly comparable with the 1995 and 1996 responses.

circuits with equivalent guaranteed bandwidth (see Table I).
Consequently, frame relay is significantly cheaper than are
private leased circuits. As Panko [28, p. 177] observed, “Many
firms are now ripping out their meshes of leased linesand
replacing them with frame relay.”

In an earlier study on corporate adoption of IT infrastructure,
Lai and Guynes [21] focused on ISDN. ISDN does not offer
any clear advantage as a general broadband telecommunica-
tions channel. Instead, it is often used for specific applications,
such as video-conferencing and as a back-up for private leased
circuits or frame relay [5]. In recent years,Data Communica-
tionshas systematically surveyed corporate network managers
for their usage of various IT infrastructure [5]–[7]. As shown
in Table II, corporate network managers are rapidly abandoning
private leased circuits and X.25, while the demand for ISDN
has peaked and has begun to decline. By contrast, the demand
for frame relay is growing fast. Because frame relay is fast be-
coming the choice among corporate network managers, we con-
sider it more relevant to focus this research on frame relay.

C. Research Hypotheses

As discussed above, corporate decisions tend to be most af-
fected by the uncertainty avoidance and power distance dimen-
sions of national culture. And frame relay is rapidly gaining

in popularity as the choice IT infrastructure for telecommuni-
cations. Therefore, the hypotheses in this study focus on how
uncertainty avoidance and power distance may affect corporate
adoption of frame relay. National culture can affect corporate
decisions in two important ways [16], [32], [39]. First, large
businesses that operate internationally tend to have established
decision rules that reflect the national culture of the country of
incorporation. Second, these businesses are likely to have a sig-
nificant proportion of senior executives from the country of in-
corporation. These senior executives often make critical deci-
sions based on the norms of their national culture.

Among the four dimensions of national culture, Straub
[34] identified uncertainty avoidance as having the most
direct bearing on preference for and use of communications
media. Shore and Venkatachalam [32] reported that in higher
uncertainty avoidance countries, the introduction of new IT
applications raised the anxiety level of management (who
tended to be more risk averse). However, in lower uncertainty
avoidance countries, management (who tended to be more
risk seeking) was more willing to try out new IT applications.
Garfield and Watson [10] provided some evidence to suggest
that such observations might also apply to IT infrastructure.
Higher uncertainty avoidance countries were found to have
national IT infrastructure characterized by cautious government
control. New components of IT infrastructure tended to be
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embraced carefully and slowly. But lower uncertainty avoid-
ance countries were found to have national IT infrastructure
dictated by the competitive environment. New components of
IT infrastructure could emerge freely if there were demands.
Given that corporate decisions on adoption of IT infrastructure
may be guided by national culture and constrained by national
IT infrastructure, we hypothesize that uncertainty avoidance
will be inversely related to corporate adoption of frame relay.

H1: Businesses incorporated in higher uncertainty avoid-
ance countries will be less likely to adopt frame relay.

Higher power distance countries are likely to have organiza-
tions with a centralized decision structure, whereas lower power
distance countries tend to have organizations with a distributed
decision structure [16]. Shore and Venkatachalam [32] found
that new IT applications were usually evaluated more cautiously
in organizations with a centralized decision structure because
these IT applications might disrupt defined lines of authority.
In organizations with a distributed decision structure, new IT
applications were more readily embraced because these IT ap-
plications might facilitate joint decisions among distant execu-
tives. Garfield and Watson [10] found that the development of
a national IT infrastructure was regulated by the authorities in
higher power distance countries but was more spontaneous in
lower power distance countries. Again, given that corporate de-
cisions on adoption of IT infrastructure may be guided by na-
tional culture and dictated by national IT infrastructure, we hy-
pothesize that power distance will be inversely related to cor-
porate adoption of frame relay. In a study on ISDN (a type of
IT infrastructure), Lai and Guynes [21] arrived at a similar con-
clusion that organizations with a centralized decision structure
were less likely to adopt ISDN.

H2: Businesses incorporated in higher power distance
countries will be less likely to adopt frame relay.

Given that the United States and Japan are big economic
powers that have given rise to global businesses, which rely
very much on telecommunications for effective operations, it
is interesting to compare U.S. with Japanese businesses. Straub
[34] reported that Japanese knowledge workers are slower to
adopt e-mail than are American knowledge workers. This result
can be explained using Hofstede’s [15] work, which shows that
Japan and the United States have uncertainty avoidance indexes
of 92 and 46, respectively. Hofstede’s [15] work also reveals that
Japan and the United States have power distance indexes of 54
and 40, respectively. Considering bothH1 andH2, we predict
that Japanese businesses will be less likely to adopt frame relay
than will U.S. businesses.

H3: Businesses incorporated in Japan will be less likely to
adopt frame relay than will businesses incorporated in
the United States.

Although the main interest for this study lies in national cul-
ture, we have also considered organizational size because this is
an important moderating variable. Previous studies, which mea-
sured organizational size using total assets or annual revenue,
have consistently shown that organizational size is positively
correlated with adoption of new IT applications (e.g., [14], [29],
and [35]). This is because larger organizations can afford to de-
vote more resources to facilitate adoption of IT applications. We

predict that this relationship will also hold for corporate adop-
tion of IT infrastructure (including frame relay).

H4: Larger businesses will be more likely to adopt frame
relay.

III. RESEARCHMETHODOLOGY

A. Data Collection

The data for this study were gathered through a survey ad-
ministered by the Center for Telemedia Strategy at the National
University of Singapore. A key role of this Center was to con-
struct the Asia Pacific Telecommunications Index, a rating of
quality and cost of telecommunications services and regulation
in ten regional economies in the Asia Pacific. Based on inter-
views with several regional network managers from selected
multinational businesses, the Center developed a questionnaire
that elicited details (e.g., percentage of expenditure and rating of
service quality) on corporate adoption of IT infrastructure (e.g.,
private leased circuits, ISDN, X.25, and frame relay).

This questionnaire was mailed to 2374 businesses selected
from Moody’s Global Company Data[26], an annual CD-ROM
service that provides basic information about 50 000 businesses
worldwide. The target businesses were the 2374 largest by an-
nual revenue that met three criteria. First, its record included
the name and mailing address of a senior executive to whom the
questionnaire could be addressed. Second, its record included
information on its revenue. Third, it was not a subsidiary of an-
other business in the sample. Together with a letter providing
information about the study and a return envelope with postage
paid, the questionnaire was addressed to a senior executive of
each business (e.g., Chairman, President, Chief Executive Of-
ficer, or Director). The letter requested that the questionnaire
be directed to the officer in charge of Asia Pacific telecommu-
nications. The questionnaire did not ask for the identity of the
respondent. To encourage returns, the Center promised to make
a contribution to a charity named by each respondent.

This exercise was conducted in two waves. In the first wave,
the questionnaires were mailed to the entire list of 2374 busi-
nesses. This elicited 125 responses. To economize on postage,
the second wave focused on the largest 500 of our target list
of businesses by annual revenue that had not responded to the
first wave. This drew a further 37 responses. As expected, re-
spondents to the second wave represented larger businesses (in
terms of annual revenue) than did respondents to the first wave.
The overall response rate was 7%, which was reasonable, con-
sidering that many businesses did not have operations in Asia
Pacific and the questionnaire was reasonably long and complex.

B. Descriptive Statistics

For each responding business, information on its total as-
sets, annual revenue, and country of incorporation was extracted
from Moody’s Global Company Data[26]. Among the 162 re-
sponding businesses, the total assets for nine businesses were
unavailable. Therefore, data from the remaining 153 businesses
(incorporated in 24 countries) were used for statistical analyzes.
Table III presents summary statistics for this sample of 153 busi-
nesses. These businesses were generally very large, with av-
erage total assets of $25.8 billion and average annual revenue of
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TABLE III
SUMMARY STATISTICS FOR THESAMPLE

*US$1 million

Note: MGCD refers toMoody’s Global Company Data,APTI Report refers toAsia Pacific
Telecommunications Index Report,DC refers toData Communications,and YOS refers toYear-
book of Statistics: Telecommunication Services Chronological Time Series 1988–1997.

TABLE IV
DISTRIBUTION OF SAMPLE BY COUNTRY OF INCORPORATION

$12.2 billion. These businesses were involved in a broad spec-
trum of industries, with 60% in manufacturing and finance.

Table IV reports the distribution of the sample by country of
incorporation. Ninety-four (61%) of these businesses were in-
corporated in either Japan or the United States. This dominance
of Japanese and U.S. businesses was a potential source of bias.
Also, 13 of the 24 countries represented had fewer than three

businesses in the sample. This was another potential source of
bias. Both of these potential sources of bias were addressed
through empirical tests (see Section IV-A).

C. Statistical Model

The four hypotheses were tested by means of a logit discrete
choice model [4]. The dependent variable was the adoption of
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TABLE V
RESULTS OFTESTING HYPOTHESES

***significant at 99% level (p < 0:01)
**significant at 95% level (p < 0:05)
*significant at 90% level (p < 0:10)

Note: All numbers in parenthesis are standard errors.

frame relay. This variable was given a value of 1 if a business
had adopted frame relay, and a value of 0 was assigned other-
wise. A business was considered to have adopted frame relay
if it provided an affirmative response to any question regarding
frame relay or it reported a positive percentage expenditure on
frame relay. Of the 153 businesses in the sample, 67 (44%) had
adopted frame relay (see Table IV).

Key independent variables pertained to national culture and
organizational size. To testH1 andH2, Hofstede’s [15] uncer-
tainty avoidance and power distance indexes for the country of
incorporation of responding businesses were used. To testH3,
dummy variables were coded for responding businesses that had
been incorporated in Japan and the rest of the world, leaving
those that had been incorporated in the United States as the de-
fault case. To testH4, organizational size was represented using
both total assets and annual revenue, as in many other earlier
studies.

IV. EMPIRICAL RESULTS

A. Testing Hypotheses

Table V presents the main empirical results. Column A re-
ports the results of the basic logit model. The coefficient of un-
certainty avoidance index was0.0304, which was significant
at the 99% level. This result supportedH1. Businesses incorpo-
rated in higher uncertainty avoidance countries were less likely
to adopt frame relay. Table IV illustrates this result by showing
that a lower uncertainty avoidance index tends to be associated
with a bigger percentage of adopters of frame relay and vice

versa. Because , this estimate implied that for
every one point increase in uncertainty avoidance index of the
country of incorporation, the business would be 3% less likely to
adopt frame relay. The coefficient of power distance index was

0.0075, which was not significant. This result did not support
H2. The coefficients of total assets and annual revenue were
0.0038 and 0.0055, respectively, both of which were not signif-
icant. This result did not supportH4.

As discussed earlier (see Section III-B), there were two po-
tential sources of bias. The first potential source of bias was the
presence of many Japanese and U.S. businesses in the sample.
To address this issue, the basic logit model was reestimated
using only data from businesses incorporated outside Japan
and the United States. The coefficient of uncertainty avoidance
index was and significant at the 95% level (see
column B of Table V). All other results remained insignificant.
The second potential source of bias was the presence of many
countries with few businesses in the sample. This issue was
addressed by reestimating the basic logit model using only data
from countries with three or more businesses in the sample.
The coefficient of uncertainty avoidance index was
and significant at the 95% level (see column C of Table V).
Again, all other results remained insignificant. These results
showed that the relationship between uncertainty avoidance
index and corporate adoption of frame relay was not affected
by both of these potential sources of bias.

Column D of Table V reports the results of a direct com-
parison between Japanese and U.S. businesses. The coefficient
of Japan was and significant at the 99% level. Because
e , this estimate implied that a Japanese business
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TABLE VI
RESULTS OFTESTING ALTERNATIVE EXPLANATIONS

***significant at 99% level (p < 0:01)
**significant at 95% level (p < 0:05)
*significant at 90% level (p < 0:10)

Note: All numbers in parenthesis are standard errors.

was 75.3% less likely to adopt frame relay than was a compa-
rable U.S. business. As illustrated in Table IV, 62% of the U.S.
businesses in the overall sample were adopters of frame relay,
but only 29% of the Japanese businesses were adopters. Given
that Japan has higher uncertainty avoidance and power distance
indexes than the United States, this result supportedH3. Col-
lectively, the results in Table V confirmed that regardless of
whether difference in uncertainty avoidance were represented
by Hofstede’s [15] index or a direct Japan versus U.S. compar-
ison, this difference had a significant negative correlation with
corporate adoption of frame relay. Differences in power distance
and organizational size, however, were not significantly corre-
lated with corporate adoption of frame relay.

B. Testing Alternative Explanations

Based on the literature review (see Section II-A), two dimen-
sions of national culture (individualism–collectivism and mas-
culinity–femininity) were unlikely to affect corporate adoption
of IT infrastructure. Nevertheless, an empirical test was carried
out to verify that these two dimensions of national culture were
indeed unimportant in the context of this study. This test added
the individualism-collectivism and masculinity-femininity in-
dexes [15] as variables to the basic logit model. The coefficient

of uncertainty avoidance index was and significant at
the 95% level (see column A of Table VI). The coefficients of
individualism-collectivism and masculinity-femininity were not
significant. These results reinforced the observation that indi-
vidualism-collectivism and masculinity-femininity should not
affect corporate adoption of IT infrastructure.

Other than dimensions of national culture, a number of other
factors might provide alternative explanations for corporate
adoption of frame relay. One such factor was the availability of
frame relay in a country. This alternative explanation was tested
by adding, to the basic logit model, a variable that shows the
number of international service providers that offer frame relay
in the country of incorporation in 1996 [6]. This variable was
an indicator of the availability of frame relay in a country. The
coefficient of uncertainty avoidance index was and
significant at the 99% level (see column B of Table VI). The
coefficient of availability of frame relay was not significant.
Hence, availability of frame relay was not a good alternative
explanation for corporate adoption of frame relay.

Another such factor was the level of telecommunications de-
velopment (technological sophistication and existing IT infra-
structure) in a country.3 This issue was dealt with in two ways.
First, the standard measure of telecommunications development

3We are grateful to an anonymous reviewer for suggesting this argument.
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in a country is teledensity, defined as the number of main tele-
phone lines per thousand population.4 A variable representing
teledensity in the country of incorporation in 1996 [42] was
added to the basic logit model. The coefficient of uncertainty
avoidance index was and significant at the 99% level
(see column C of Table VI). The coefficient of teledensity was
not significant. Hence, teledensity was not a good alternative
explanation for corporate adoption of frame relay.

Second, a recently used measure of telecommunications de-
velopment in a country is Internet density, defined as the number
of Internet hosts per thousand population. A variable that rep-
resents Internet density in the country of incorporation in 1996
[42] was added to the basic logit model. Column D of Table VI
summarizes the results. The coefficient of uncertainty avoidance
index was and significant at the 90% level. The coef-
ficient of Internet density was 0.0264, which was significant at
the 88% level. This result is discussed below (see Section V-B).

Based on all of the results reported above, we conclude that
uncertainty avoidance had a significant negative correlation
with corporate adoption of frame relay. This result was con-
sistent across several alternative logit models, which included
variables to capture other potential determinants of corporate
adoption of frame relay.

V. IMPLICATIONS

A. Practical Implications

The results of this study clearly suggest that it is not appro-
priate to apply the same strategy to promote adoption of IT in-
frastructure for all businesses. Specifically, when attempting to
introduce IT infrastructure into businesses, due attention must
be given to the national culture of the country of incorpora-
tion. Businesses from lower uncertainty avoidance countries are
more ready to adopt IT infrastructure than are businesses from
higher uncertainty avoidance countries.

For international service providers, a useful strategy is
to target new IT infrastructure at businesses from lower
uncertainty avoidance countries. Besides raising the chances
of acceptance for new IT infrastructure, this approach may
minimize the consequences of risks associated with new IT
infrastructure because businesses from lower uncertainty
avoidance countries tend to take initial setbacks with innova-
tions more positively and do not give up easily [16]. Success
with these early adopters can then enable international service
providers to market the IT infrastructure to businesses from
higher uncertainty avoidance countries. With such businesses,
it is important that international service providers put in greater
efforts to mitigate the risks associated with the IT infrastructure.
Other than testimonials from successful early adopters, such
efforts may include more detailed demonstration and training
and credible guarantees of service and support.

Corporate managers seeking to introduce new IT infrastruc-
ture into their businesses should also be cognizant of the na-
tional culture of the country of incorporation. Managers who

4This measure had been used in major studies of international competitive-
ness, such as theGlobal Competitiveness Report(published in Geneva, Switzer-
land) and theWorld Competitiveness Yearbook(published in Lausanne, Switzer-
land).

work in businesses from lower uncertainty avoidance countries
can employ a more aggressive strategy when introducing new
IT infrastructure. Where opportunities exist, they can bring in
such IT infrastructure quickly and throughout their businesses
to exploit the competitive advantage that comes with the new
IT infrastructure [40]. However, managers who work in busi-
nesses from higher uncertainty avoidance countries should be
more cautious in their attempts to introduce new IT infrastruc-
ture. They should put in more efforts to justify adoption of the IT
infrastructure. Examples of such efforts include working closely
with international service providers for guarantees of service
and support, doing case studies of successful adopters, or even
assigning people to learn from successful adopters on a tempo-
rary basis.

B. Research Implications

The result of this study was obtained based on a survey
originally designed to collect data for regional benchmarking
of telecommunications and not to study the adoption of IT
infrastructure. Consequently, the original data had to be
supplemented with secondary information from a number of
other sources (see Table III). Future research can verify our
results through full-fledged studies specifically designed for
studying the adoption of IT infrastructure. Results from such
comprehensive studies can provide a clearer picture of the
relationships between the independent and dependent variables
[20]. Of course, larger surveys that involve bigger samples
from a wider range of countries can certainly help to enhance
the generalizability of research findings.

The results of data analyses showed that inclusion of Internet
density as an independent variable reduced the statistical sig-
nificance of an uncertainty avoidance index. One possible ex-
planation for this reduction in statistical significance is that the
uncertainty avoidance index drives corporate adoption of frame
relay as well as the spread of Internet hosts. By being correlated
with the uncertainty avoidance index, Internet density would
reduce the statistical significance of the uncertainty avoidance
index. More generally, these results point to the possibility that
the managers who decide on corporate adoption of frame relay
may be the same people responsible for evaluating Internet or
other IT infrastructure. Further research is needed to test this
observation, which has implications for the generalizability of
the results of this study.

Consistent with Grover and Goslar [14], this study showed
that organizational size, whether measured by total assets or an-
nual revenue, did not affect corporate adoption of frame relay. In
contrast, other prior studies have reported a positive relationship
between organizational size and corporate adoption of IT infra-
structure (e.g., [13], [18], [21], and [22]).5 This positive relation-
ship has been explained in terms of the large fixed costs required
for corporate adoption of IT infrastructure. Larger organizations
are more able to absorb the fixed costs than are smaller organi-
zations. In this study, the overall sample consisted of large or-
ganizations (see Table III); therefore, the fixed costs might have

5Liberatore and Breem [22] measured organizational size by number of em-
ployees. Groveret al.,[13] sampled only organizations with more than $50 mil-
lion revenue. Lai and Guynes [21] did not provide figures for organizational
size.
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been immaterial. Future research can investigate this fixed cost
effect by comparing corporate adoption of IT infrastructure for
a wider range of organizational sizes.

This study focused on the demand rather than on the supply
aspect of IT infrastructure. In reality, supply factors do affect
corporate adoption of IT infrastructure. Although this study con-
sidered a supply factor (availability of IT infrastructure), an im-
portant supply factor that has been omitted is the price of IT
infrastructure. In future research, it is important to examine vari-
ables pertaining to both demand and supply aspects of IT infra-
structure to attain a more holistic understanding about corpo-
rate adoption of IT infrastructure. Having such a more complete
understanding can help international service providers to better
map their strategy to promote corporate adoption of IT infra-
structure.

Another possible extension for this study is to do a longitu-
dinal survey. Specifically, data on corporate adoption of IT in-
frastructure can be collected annually over a period of several
years. Results from such a study can yield insights on whether
the relationships between independent and dependent variables
are robust over time. Theoretically, these relationships should
hold for several years in the case of new IT infrastructure (but
the adoption rates for businesses from both higher and lower un-
certainty avoidance countries should increase over time). After
some time, when the IT infrastructure is no longer new, all
businesses should feel comfortable adopting the IT infrastruc-
ture and uncertainty avoidance should no longer be a differenti-
ating factor. This contention can be tested through a longitudinal
survey.

C. Limitations of Results

The practical and research implications discussed above must
be interpreted in light of the limitations of this study. A limita-
tion of this study is that it did not distinguish among businesses
that had not adopted frame relay because they had considered
and rejected it, and businesses that had yet to consider it. Lai
and Guynes [21] emphasize the importance of this distinction.
Another limitation is that this study involved only large inter-
national businesses. Thus, the results may not apply to smaller
businesses or local businesses. A third limitation is that our
sample was not evenly distributed among the 24 countries. Al-
though such an uneven distribution of businesses among the
countries may limit the generalizability of the results, it does
not render the results invalid because all the dimensions of na-
tional culture were interval variables [27].6 A fourth limitation
is that this study involved only one type of IT infrastructure:
frame relay. However, given that the same managers are likely
to be responsible for making decisions on corporate adoption
of various types of IT infrastructure, it is likely that results of
this study would apply beyond frame relay. No theoretical basis
suggests that these results would not apply to other types of new
IT infrastructure. Nevertheless, uncertainty avoidance may not
be a differentiating factor for widely adopted IT infrastructure
(see Section V-B).

6Uneven distribution of data points for nominal or ordinal variables would
have a greater impact on the validity of the results.

VI. CONCLUSION

Based on data from an international survey, this study clearly
showed that uncertainty avoidance index of the country of in-
corporation was negatively associated with corporate adoption
of IT infrastructure. But power distance index of the country of
incorporation and organizational size were not associated with
corporate adoption of IT infrastructure. With data from a wide
range of countries, the conclusion of this study is stronger than
the results of prior studies that compared only a few countries.
Having so many countries also helped to rule out alternative ex-
planations based on other characteristics of these countries (e.g.,
national policy and resource availability).

As strong international trade and investment gives rise to
global businesses, more and more such businesses would
search for IT infrastructure to help them function effectively.
The role that IT infrastructure plays in global businesses
would continue to increase in importance. Because cultural
differences can affect corporate adoption of IT infrastructure,
international service providers and corporate managers must
understand this relationship to facilitate corporate adoption of
IT infrastructure. Although this study provides some useful
insights on this relationship, it also highlights the fact that
more research attention is warranted in this important area of
international IT management.

ACKNOWLEDGMENT

The authors are grateful for comments and advice from the
department editor and the reviewers as well as from seminar par-
ticipants at Nanyang Business School and Nanzan University.

REFERENCES

[1] C. Antonelli, “The international diffusion of new information technolo-
gies,”Res. Policy, vol. 15, no. 3, pp. 139–147, 1986.

[2] Asia Pacific Telecommunications Index Report. Singapore: Center for
TeleMedia Strategy, National University of Singapore, 1998.

[3] J. M. Burn, R. M. Davison, and E. Jordan, “The information society:
A cultural fallacy,”J. Failures Lessons Learned IT Manage., vol. 1, pp.
219–232, 1997.

[4] R. B. Cooper and R. W. Zmud, “Information technology implementation
research: A technological diffusion approach,”Manage. Sci., vol. 36, pp.
123–139, 1990.

[5] Data Communications, May 1995.
[6] Data Communications, May 1996.
[7] Data Communications, May 1997.
[8] P. Ein-Dor, E. Segev, and M. Orgad, “The effect of national culture on in-

formation systems: Implications for international information systems,”
J. Global Inform. Manage., vol. 1, pp. 33–45, 1993.

[9] M. Erez and P. C. Earley, “Comparative analysis of goal setting strategies
across cultures,”J. Appl. Psychol., vol. 72, pp. 658–665, 1987.

[10] M. J. Garfield and R. T. Watson, “Differences in national information
infrastructure: The reflection of national cultures,”J. Strat. Inform. Syst.,
vol. 6, pp. 313–337, 1997.

[11] E. Geisler and S. K. Kassicieh, “Information technologies and tech-
nology commercialization,”IEEE Trans. Eng. Manage., vol. 44, pp.
339–346, 1997.

[12] R. Gourley, “Letter to the editor,”Data Communications, p. 16, Jan.
1998.

[13] V. Grover, K. Fiedler, and J. T. C. Teng, “Empirical evidence on
Swanson’s tri-core model of information systems innovation,”Inform.
Syst. Res., vol. 8, pp. 273–287, 1997.

[14] V. Grover and M. D. Goslar, “The initiation, adoption, and implemen-
tation of telecommunications technologies in US organizations,”J.
Manage. Inform. Syst., vol. 10, pp. 141–163, 1993.

[15] G. Hofstede,Culture’s Consequences: International Differences in
Work-Related Values. Newbury Park, CA: Sage, 1980.



PNGet al.: NATIONAL CULTURE AND IT INFRASTRUCTURE 45

[16] , Cultures and Organizations: Software of the Mind. New York:
McGraw-Hill, 1991.

[17] B. Ives and S. L. Jarvenpaa, “Applications of global information tech-
nology: Key issues of management,”MIS Quart., vol. 15, pp. 33–50,
1991.

[18] M. Karshenas and P. Stoneman, “Technological diffusion,” inHandbook
of the Economics of Innovation and Technological Change, P. Stoneman,
Ed. Oxford, U.K.: Blackwell, 1995, pp. 265–297.

[19] M. Keil, B. C. Y. Tan, K. K. Wei, T. Saarinen, V. Tuunainen, and A.
Wassenaar, “Cross-cultural study on escalation of commitment behavior
in software projects,”MIS Quart., vol. 24, pp. 299–325, 2000.

[20] F. Kerlinger,Foundations of Behavioral Res.. Fort Worth, TX: Holt,
Rinehart and Winston, 1986.

[21] V. S. Lai and J. L. Guynes, “An assessment of the influence of orga-
nizational characteristics on information technology adoption decision:
A discriminative approach,”IEEE Trans. Eng. Manage., vol. 44, pp.
146–157, 1997.

[22] M. J. Liberatore and D. Breem, “Adoption and implementation of dig-
ital-imaging technology in the banking and insurance industries,”IEEE
Trans. Eng. Manage., vol. 44, pp. 367–377, 1997.

[23] M. G. Martinsons and D. L. Revenaugh, “The impact of societal culture
on IS planning and implementation,” inProc. 1st Annu. Assoc. Informa-
tion Systems Americas Conf., 1996.

[24] M. G. Martinsons and R. I. Westwood, “Management information sys-
tems in the Chinese business culture: An explanatory theory,”Inform.
Manage., vol. 32, pp. 215–228, 1997.

[25] R. Meijas, M. Shepherd, D. R. Vogel, and L. Lazaneo, “Perceived sat-
isfaction and consensus levels: A cross-cultura comparison of GSS and
non-GSS outcomes within and between the US and Mexico,”J. Manage.
Inform. Syst., vol. 13, pp. 137–161, 1997.

[26] Moody’s Global Company Data. New York: Moody’s Investors Ser-
vice, 1996.

[27] J. Neter, W. Wasserman, and M. H. Kutner,Applied Linear Statis-
tical Models: Regression, Analysis of Variance, and Experimental
Designs. Homewood, IL: Irwin, 1990.

[28] R. R. Panko,Business Data Communications. Upper Saddle River, NJ:
Prentice-Hall, 1997.

[29] E. M. Rogers,Diffusion of Innovations. New York: Free Press, 1995.
[30] S. Ronen and O. Shenkar, “Clustering countries on attitudinal di-

mensions: A review and synthesis,”Acad. Manage. Rev., vol. 10, pp.
435–454, 1985.

[31] V. J. Shackleton and A. H. Ali, “Work-related values of managers: A
test of the Hofstede model,”J. Cross-Cultural Psychol., vol. 21, pp.
109–118, 1990.

[32] B. Shore and A. R. Venkatachalam, “The role of national culture in sys-
tems analysis and design,”J. Global Inform. Manage., vol. 3, pp. 5–14,
1995.

[33] M. Sondergaard, “Hofstede’s consequences: A study of reviews, cita-
tions, and replications,”Organization Studies, vol. 15, pp. 447–456,
1990.

[34] D. W. Straub, “The effect of culture on IT diffusion: E-mail and fax in
Japan and the US,”Inform. Syst. Res., vol. 5, pp. 23–47, 1994.

[35] E. B. Swanson, “Information systems innovation among organizations,”
Manage. Sci., vol. 40, pp. 1069–1092, 1994.

[36] B. C. Y. Tan, R. T. Watson, and K. K. Wei, “National culture and group
support systems: Filtering communication to dampen power differen-
tials,” Eur. J. Inform. Syst., vol. 4, pp. 82–92, 1995.

[37] B. C. Y. Tan, K. K. Wei, R. T. Watson, D. L. Clapper, and E. R. McLean,
“Computer-mediated communication and majority influence: Assessing
the impact in an individualistic and a collectivistic culture,”Manage.
Sci., vol. 44, pp. 1263–1278, 1998.

[38] B. C. Y. Tan, K. K. Wei, R. T. Watson, and R. M. Walczuch, “Reducing
status effects with computer-mediated communication: Evidence from
two distinct national cultures,”J. Manage. Inform. Syst., vol. 15, pp.
119–141, 1998.

[39] G. S. Vozakis, T. S. Mescon, and E. Goss, “Technical factors affecting
international information and technology transfer,” inThe Global Issues
of Information Technology Management. Harrisburg, PA: Idea Group
Publishers, 1992, pp. 450–462.

[40] J. Ward and P. Griffiths,Strategic Planning for Inform. Sys-
tems. Chichester, U.K.: Wiley, 1996.

[41] R. T. Watson, T. H. Ho, and K. S. Raman, “Culture: A fourth dimension
of group support systems,”Commun. ACM, vol. 37, pp. 44–55, 1994.

[42] Yearbook of Statistics: Telecommunication Services Chronological Time
Series 1988–1997. Geneva, Switzerland: International Telecommuni-
cations Union, 1999.

Ivan P. L. Png is Professor and Dean in the School
of Computing at the National University of Singa-
pore (NUS). He has been a Professor with the An-
derson Graduate School of Management at Univer-
sity of California, Los Angeles (UCLA) and a Vis-
iting Professor at the Hong Kong University of Sci-
ence and Technology. He graduated with a First Class
Honors degree (1978) from the University of Cam-
bridge and a Ph.D. degree (1985) from the Graduate
School of Business at Stanford University. He is on
the editorial boards ofJ. Industrial EconomicsandIn-

formation Systems Research. He has won teaching awards at NUS and UCLA.
His research has been published inManagement Science, Marketing Science,
Journal of Political Economy, American Economic Review, Quarterly Journal
of Economics,andRAND Journal of Economics. His current research focuses
on the economics of pricing and information technology.

Bernard C. Y. Tan is Associate Professor in
the Department of Information Systems and Sub
Dean in the School of Computing at the National
University of Singapore (NUS). He received
his Ph.D. degree (1995) in information systems
from NUS. He has been a Visiting Scholar in
the Graduate School of Business at Stanford
University and the Terry College of Business at
the University of Georgia. He is on the editorial
boards of MIS Quarterly and Information &
Management. His research has been published in

MIS Quarterly, Management Science, Journal of Management Information
Systems, ACM Transactions Computer-Human Interaction, ACM Transactions
Information Systems, Communications of the ACM, IEEE TRANSACTIONS ON

PROFESSIONAL COMMUNICATION, IEEE TRANSACTIONS ON SYSTEMS, MAN,
AND CYBERNETICS, and International Journal of Human–Computer Studies.
His current research focuses on cross-cultural issues, computer-mediated
communication, and electronic commerce.

Khai-Ling Wee is currently a Regional Management
Associate with DaimlerChrysler AG. She has been
involved in strategic projects (with offices at Taiwan,
Japan, and Singapore) relating to automotive
strategy and business re-engineering for financing
operations. She received her B.Sc. (Hons.) degree
(1998) in computer and information sciences from
the National University of Singapore. Her honors
thesis focuses on the telecommunications industry
in the Asia-Pacific region.


