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1. INTRODUCTION

The diffusion and use of e-commerce
applications and  technologies  have
been of research interest from a
technological (Angeles er al. 2001},
as well as an organizatonal (e.g.,
Mackay and Rosier 1996; Massetn
and Zmud 1996; Rose ¢ al 1999)
point of view. While the main atten-
tion has focused on the adoprion and
implementation of e-commerce in
large enterprises (c.g., Hausman and
Stock 2003; Karahanna and Straub
1999, Saloner and Shepard 1995),
e-commerce-driven  changes  and
improvements are also obscrvable at
the level of small and medium-sized
enterprises (SMEs), such as in the case
of EDI adoption (Chau and Huij
2001; Fink 1998: lacovou er al
1995; Powell and Levy 2000).

This paper analyses the rare of
e-commerce diffusion in three indus-
try sectors (manufacruring, recail/
wholesale, and banking/insurance)
in Denmark, France, Germany and
the US. Ir compares the intensity of
c-commerce diffusion and usage by
SMEs and idendifies efficient users by
using a Data Envelopment Analysis
{DEA) (Charnes eral. 1978) for each
industry sector and nauonal market.

The impacts of e-commerce diffu-
sion on process improvements are
observable not only within large
firms (Konig e al. 2003) but also
among strong and  innovation-
friendly SMEs, In facr, SMEs in
particular can benefit from the full
potential of automation by adopung
and implementing ¢-commerce care-
fully (Beck er al. 2002). While the
size of an emerprise seems to be
more and more negligible as a
variable, it affiliation o a cermin
industry has still a positive or nega-
tive impact on overall e-commerce
readiness. Some  indostrial sectors
have done beter in adopting c-
commerce with a long tradition in,
eg., {nmputur-haﬁd electronic data
processing and  transmission.  For
example, the automotive industry
has successfully  developed EDI-
standards and  delivery processes
resulting in considerable savings of
ome and moncy (Hoppen er al
2002; Wigand 1994). In comparison
to the manufacturing sector with
its sophisticated c-commerce-based
business processing, the retail and
wholesale sector is much more frag-
mented and few best-practice cases
such as in the former secror are
known (Fearon and Philip 1999).
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The diffusion of e-commerce applications and
solutions in many countries and industry
sectors seems to have reached a level of
maturity. This spplies not only for large firms,
but also for SMEs in three analysed industry
sectors, Le. manufacturing. retailfwholesale
and bankingfinsurance, in Denmark, France,
Germany, and the US. With the exception of
France, a rather large number of SMEs in these
countries responded that the implementation
of e-commerce contributed substantially to
improve existing operational processes and to
expand markets. Although e-commerce tech-
nologies may be available hypothetically in all
mdustries and firms, an efficient usage of e-
commerce is closely related to a comprehen-
sve implementation of more sophisticated
solutions, e.g., onling procurement or Intermet-
based supply chain management. Firms with
an all-embracing approach utilizing many e-
commerce applications are more aften effi-
cient than firms with @ lower e-commerce
diffusion rate in the sample anabysed.
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Gaining the full potential and benefits from e-
commerce depends on the consistent integration and
implementation of all kinds of e-commerce techno-
logies into existing business processes while at the
same time adjusting these processes. Thus, there is a
srong possibility thar a strategy of selective usage of
single applications with insufficient interfaces will fail.
Therefore, purposeful implementation i especially
important for SMEs in strongly export-onented nations
(s a percentage of GDP) such as Denmark or Germany
to be compentive on an international level. Due to
national differences such as available IT knowledge, 1CT
infrastructure or business laws, different paths of e-
commerce diffusion are observable. Such differences are
based on reported variances of e-commerce drivers and
inhibitors among the countries investigated, One major
methodological problem is cermainly the measuring
of increased productivity or efficiency improvements
directly artriburable to e-commerce. A common pro-
blem is the lack of data, weak definitions and a lack of
methods. If the impact of the increased use of TT has, as
yet, not been directly measurable, this impact should at
least be visible on the output side. But even measuring
these spill-over effects seems to be difficult, although
PCs and the Internet have doubrlessly created additional
consumer benefit (Gordon 2000).

In order to analyse efficiency improvements based on
different degrees of e-commerce diffusions, this paper is
organized as follows: In section 2 the research frame-
work is provided together with two propositions to be
analysed. A briel overview of the methods used and an
introduction into the Data Envelopment Analysis ( DEA)
model is provided in section 3. Section 4 presents infor-
mation about the diffusion and usage of e-commerce at
the country and industry levels (4.1), the observed
drivers and barriers of e-commerce for SMEs (4.2), as
well as the resulting efficiency increases or sarisfaction
levels based on the implementation of e-commerce
(4.3). Section 5 provides a discussion and conclusion.

2. RESEARCH FRAMEWORK

During the past few years, a primary focus of empirical
e-commerce rescarch has been the analysis of its
diffusion among SMEs, resulting in contributions about
the so-called ‘digital gap’ or *digital divide’ berween
large firms and SMEs { Dutta er af. 1998; Hawkins er al.
1999). Doubiless, e-commerce-driven changes and
improvements have the porential to increase overall
business efficiency (Cantwell 2001;Wigand 2003a), but
unril now most of these efficiency increases have been
observed and investigated only with large firms, due o
increasing economies of scale and scope, especially at the
international or global market levels (Jalava and Pohjola
2002; Kiski and Pahjola 2002,

ki

This paper focuses on the analysis of the diffusion of
e-commerce on the one hand and the resulring efficiency
improvements or perceived satisfaction among SMEs on
the other hand. Different sets of e-commerce technol-
ogies among countries and industry sectors analysed may
be explained as being due to national and secroral
differences (such as available IT knowledge or ICT
infrastructure ). Consequently, the number of efficient
e-commerce-using firms (according to the results of
the DEA analysis) may be corrclated with the business
environments investigated, based on the underying
empirical survey (e-commerce drivers and barriers (see
Figures | to 6 for the three sectors)),

Propasition 1: DEA-efficient firms value drivers of e-commerce
significantly more highly (and vice versa obstacles lower] than
the rest of the firms investigated,

Although the mere existence of different e-commerce
technologies ar the firm level might be a good estimator
for the diffusion of IT knowledge and use of new
technologies, this stll only provides limired information
about the de ficto use intensity or the productivity
improvements related to the implementation,

Gaining  the full potental and benefit  from
e-commerce depends on its consistent inregration and
implementation in business processes, while these pro-
cesses must be adjusted ar the same time, Obviously,
efficient and consistent use is therefore more important
than the sheer existence of such technologies.

Proposition 2 The efficient use of e-commerce is positively
related to the number of e-commerce solutions deployed,

The number of deployed e-commerce-based applica-
tions (Table 2) rogether with the perceived impacts of
c-commerce (Table3) are used to identify the relation
between the total pumber of e-commerce solutions and

cfficiency per sector.

3. DATA SAMPLE AND METHODOLOGICAL
BACKGROUND

The underlying questionnaire was designed by the
participants in an international joine research project
{The Globalization and E-Commerce Project of the
Center for Research on Information Technology and
Organizations (CRITO) ar the University of California,
Irvine). The guestionnaire comprised 50 questions on
different wopics such as globalization of enterprises,
implementation of e-commerce technologies, as well as
the use of these rechnologies, drvers and inhibitors of e-
commerce implementation and use, impacts on business
processes and efficiency and e-commerce implementa-
rion srrategies. The survey itself was conducred by IDC
in Spring 2002 on behalf of the research project and was
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administered in the four countries with altogether 458
SMEs responding from Denmark, Germany, France and
the United States.

Denmark, France and Germany differ in the intensity
of demand drivers (industry structure, information
infrastructure, financial and human resources, and social
and cultural factors) bur are experencing the same
increasing producrivity gap (Farrell er al. 2003 ) based on
a tme-lag in eccommerce readiness and diffusion
(Kraemer et al. 2000; Kraemer and Dedrick 2000) in
comparison to the US (Gordon 2000). Due ro these
natiopal and industrial path dependencies in the diffu-
sion of c-commerce, 2 comparison among c-comrmerce-
leading countries such as Denmark and the US with the
two largest economies in continental Evrope, ie. France
and Germany, seems to be a promising way to idenrify
differences in the ways e-commerce is used, as well
as finding ‘*best practice” cases or “leading’ sectors or
COUNTrics.

The sampling was a clustered random sample. An
SME was classificd as a firm with 25 to 249 employees.
Smaller firms with employees from | o 24 were not
considered because it was assumed that the ¢-commerce
and Internet literacy in this firm-size caregory is too
heterogeneous to derive any useful and significant dara.
The goal of this survey was to analyse e-commerce-using
SMEs, and therefore the results are limited 1o the group
of SMEs with any kind of e-commerce experience. SMEs
without anline activitics such as online sales or procure-
ment were not taken into account. 152 SMEs in the
manufacturing sector from Denmark (35), Germany
(33), France (34) and the United Stares (50) were
surveyed, In the retail fwholesale sector the survey was
conducted among 151 SMEs from Denmark (33),
Germany (34), France (31), and the United Stares
{(53). In rthe banking and insurance sector the survey was
conducted among 155 SMEs from Denmark (32),
Germany (36), France (35) and the United Stares
{52},

For analysing the relarive cfficiency of e-commerce-
deploving SMEs, a Data Envelopment Analysis (DEA)
was used {Charnes ef al. 1978). Since most SMEs cannot
determine the benefits they derive from implementing
innovative technologies in monetary units, the survey
asked for the set of e-commerce technologies adopred
on the one hand and the individually perceived efficiency
or satisfaction on the other hand.

The used BCC muodel (Banker, Charnes and Cooper)
of the DEA analysis offers a differentanon between
technical efficiency and scale-efficiency (Golany and Roll
1989: 249) and evaluares solutions for non-increasing,
decreasing and variable returns of scale, The object of
interest in a DEA model is the decision-making unit
(DML, which is similar to a firm. A DMU is a flexible
unit responsible for the in- and output variables. DEA
only compares each DMU with the *most efficient”
DMUs in the sample (Bala and Cook 2003). Efficient

combinations of input and output relations or efficient
DMUs of a sample form the so-called *efficient frontier
line”. In an n-dimensional room the efficient frontier is
cquivalenr o an imaginary umbrella over the sample,
covering the efficdent DMUs and all theoretically
passible combinations of efficient, virtual DMUSs. The
DEA model calculates the relative position inside the
data sample for cach DMU, based on its set of inputs
and ser of outputs (Parsons 1992). Using a linear
programming procedure for the fronder analysis of
inputs and outputs, DEA accordingly evaluates the *best
pracrice’ users of e-commerce. The basic idea of DEA is
multi-input and multi-output-oriented efficiency evalua-
tion without any further assumptions about the strue-
ture (eg., normal distrribution) or side conditions.
Unlike parametric methods, DEA can use all kinds of
input and ourpur dara to analyse the production
behaviour. The DEA model used was non input- or
output-orented becanse neither an inpot minimizing
{input-oriented) nor an output-maximizing (output-
oriented ) analysis was necessary 1o evaluate the observed,
actual input/output relation identified in the survey.
Maoreover, the model assumes returns of scale for each
DMU depending on the size and a concave function of
decreasing returns. The sofrware used for the dara
analysis together with a detailed description is available
from Scheel (2000).

DEA was chosen due to the unique alternative way of
analysing a set of data in comparison to the best
performing data sets, A regression analysis, for example,
only describes the deviation of best fitting and perform-
ing dara sers from the average. Unlike parametric
approaches, DEA optimizes on each individual observa-
tion independent of any distribution assumptions
(Charnes er al. 1994: 5; Cooper e al. 2003: 13).
Different kinds of DEA models have been used in a large
number of ways 1o measure the impacts of I'T: ¢.g. in the
banking industry (Barr ef af, 2002) or in the retail and
wholesale industry (Beck e all 2003a).

Here, the DEA model wae adapted and used as
follows: the inpur variables - aggregared ro an Interner
usage indicator — are the results of seven questions
concerning online advertising, online sales and procure-
ment, online customer services, exchange of operational
data with customers and supplicrs, as well as formal
integration of similar business processes along the supply
chain, which arc actively used by the respondents.
Varnables are coded as 0 when an establishmenr uses
the asked-for e-commerce application and 1 if it does
not use it. The coding 15 equivalent to costs of input
when e-commerce is not available or the other way
round, i.e. firms using e-commerce gain benefits by
reducing their processing costs,

Input variables internet usage indicotor)=u (online advertising,
online soles. online procurement. ... some formal business
processes afong supply chain)
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The ten output variables — aggregated to an e-commerce
satistaction index - of the model are measured on a five-
paint scale with 1 (*no impact at all”) to 5 (*a grear deal’)
and comprise the results of the following questions:
internal processes more  efficient, staff  productivity
increased, sales and nadonal /international sales area
increased, customer service improvement, procurement
and inventory costs decreased, coordinadon with sup-
plicrs improved and competitive position improved.

Output variobles {E-commerce sotisfaction index)=v (internal
process more cfficient, stoff productivity increosed, ... compe-
titive position improved)

st ve{1;2;3;4;5)

The basic formula of the chosen model is similar to the
COR model {Charnes, Cooper, Rhodes):

vk
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The previous formulation cannot be solved by linear
programming tools and thercfore has to be transformed
in the following equation, which is an output-oriented
maximization example:

i r
max= Z vy with constant input Z ;=1

J=i =1

E':Urljﬁi'm
i=1

i=]

szl vz

Efficiency in this context is the benefit gained, based on
the e-commerce applicarion used improving efficiency or
productvity. SMEs with a high satisfaction index based
on the installed e-commerce infrastructure may  be
defined as efficient in comparison to other SMEs of
the sample.

4. THE DIFFUSION OF E-COMMERCE IN THREE
INDUSTRY SECTORS

The diffusion of e-commerce technologics has received
broad attention, especially in the business-to-business
area and interorganizational cooperation together with
the integration of heterogeneous partners such as SMEs
{ Ketler et al. 1997 ; Kiiski and Pohjola 2002). One of the
most challenging problems, not only inside industry
sectars but also on a macroeconomic level, is the often

4

insufficient electronic supply chain integration of SMEs,
reflecting the physical stream of goods. SMEs have to
cope with a variery of problems normally impeding a
successful integration of ¢-commerce technologics, such
as inadequate ERP systems, lack of I'T know-how or not
totally automated internal business processes, as a
prerequisite to gain benefits in exchanging business
messages electronically (Beck er al. 2003b). In the pre-¢-
commerce era, SMEs were forced to integrate technol-
ogies such as EDI by large business partners — often not
necessarily for economic reasons (Tucker 1997; Wigand
1994 ). Nevertheless, in comparison to large enterprises,
SMEs have more difficulties in attracting, I'l" specialists
for their business and cannot usually benefit from
economies of scale, nor do they have sophisticared
distribution systems (Kénig er af. 2003).

Therefore, fast adoption of innovative technigques and
technologies is a critical facror for all SMEs if they want
to be successful and competitve. Through the inter-
nationalization of markets, manufacturers and  their
suppliers are increasingly forced to intensify and improve
their business relations in order to avoid losing com-
petitive advantage. Consequently, a higher level of inte-
gration or cooperation is needed (Oliver and Webber
1992}, The Internet and e-commerce-based supply
chain integration into SMEs business processes implies
more than just the exchange of business documents.
Morcover, the planning, execution and control of supply
chain activitics requires the efficient use of e-commerce
technologies, as well as the organizational willingness to
cooperate (Swaminathan er al. 1998). This involves the
shaning of information and knowledge that used to be
considered proprictary or even strategic. The sharing of
business-critical information or Internet-based supply
chain management is therefore inefficient as long as
SMEs within value chains are not totally integrated (Lee
1998). As a result, a preliminary step towards a soundly
functioning supply chain is the availability of rudimen-
rary e-commerce technologies among SMEs,

The impact of c-commerce on accepted and tradi-
tional business processes and methods has especially
influenced the retail /wholesale industry, No other
industry has to cope as much with the changes in
customer preferences to shop online instead of making
sales ar tradiional brck-and-mortar shops, Intemet
customers are better informed and more price-sensitive
than off-line customers { Brynjolfsson and Smith 2000),
The ability to compare prices directly on the Interner
increases competition and provides grearer transparency
(e.az., Wigand 2003b), On the other hand, SMEs are
predicred to be flexible and innovative in using the new
form of conducting business more fexibly than large
retailers. In contrast, SMEs are often nor able 1o
compete with large competitors due to the high setup
costs of web-enabled marerials management systems or
web-based shopping systems.
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In the banking/insurance sector, the products offered
arc mainly information goods, which may casily be
provided, in digital form over the Internet. The under-
lving ICT-driven processes are subject to steady changes,
due not least to pew distribution channels such as online
banking. Changing customer preferences together with
decreasing lovalty are a new challenge banks have to
cope with, PC and Internet usage have doubtlessly
created consumer surpluses, especially with regard to
vnline banking and brokerage services (Gordon 2000),
Bur the multi-channel distribution straregy holds no
additional utlity for banks if they cannot benefit from
economies of scale by reducing the number of physical
branches at the same time.

4.1. E-commerce readiness and usage among SMEs
The overall diffusion and adoption of ¢-commerce
applications has reached a high level in all the countries
studied, As Table ] indicares, Danish SMEs are ar the
forcfront in the field of Internet-based scrvices in
comparison to most of the other countrics and scctors
investigated. With 100% availability of e-mail and 91.4
to 100% diffusion of public websites, as well as in the
deployment of Intranct (starting with 74.3% in the
manufacturing industry to 96.9% in the banking/
insurance industry) Danish SMEs are the overall leaders
in beang cquipped to wse c-commerce. But German
SMEs arc not far behind, e, they provide their own
websites less often (90.9%) and they are nearly equal to
Danish firms in the areas of Intranet usage (69.7%).
German SMEs are leading in the use of electronic funds
transfer (EFT) (90.9%) ahead of all other countries in
the sample. Aside from German and Danish SMEs in the
manufacturing sector, French (with the exception of
EDI) and US SMEs (with exception of call centre use)
use one of these technologies less often.

Table 1. SMEs' e-commerce readiness per country and sector (W)

Based on the large installed base of established e
commerce technologies, e-commerce is used to improve
many kinds of internal and external business processes
isee Table 2), While in Table 1 on average Danish firms
reported the highest availability of e-commerce technaol-
ogics, in the arca of e-commerce use US and German
SMEs on average are leading, especially in the area of
more sophisticated and complex applications such as
EDI with customers or Internet-based supply chain
management. While German SMEs vse, at a level of
75.8%, online advertising more often than any other
manufacturing sector, only 32.4% of French SMEs used
this application at the same time. On average, SMEs in
the US reporred the highest usage rares of c-commerce
applications in the manufacturing sector in the areas of
after sales customer service (60%), online procurement
(76%), EDI with customers (64%) and Internet based
supply chain managemenr (34%).

In the rerail /wholesale industry, German SMEs are at
the forefront, deployving e-commerce applications such
as on-line sales (55.9%), on-line procurcment (73.5%),
EDI with suppliers (67.6%), EDI with customers
{52.9%) or Internet-based supply chain management
{44.1%) more often. In the banking/insurance sector,
Danish SMEs use on average any of the asked for -
commerce technologies more often than SMEs in other
countrics. They are leading in the area of online sales
(56.3%), EDI with suppliers (56.3%) and Internet-based
supply chain management (37.5%). French SMEs do not
dominare cither in a single industry secror or in the usc
of a specific e-commerce application. German and US
SMEs seem to use more sophisticated solutions such as
EDI with customers or Internet-based supply chain
management more often. As Proposition 2 suggests, the
implementation and use of more complex technologies
should be positively related with the satisfaction with the
positive impact e-commerce technologies have on the
cfficiency of SMEs (see scction 4.3).

Denmaork Fronce Germany (154
M R g M ) g M R a M R 2]
E-mail 100.0 100.0 100.0 4.1 968 972 100.0 100.0 100.0 ag.0 100.0 100.0
Fublic Wehsite 91.4 97.0 100.0 [N 516 61.1 0.9 a1.2 a1 Ba.0 136 BES
Intranet 743 788 969 &67.6 7.0 61.1 69.7 B24 91.4 440 58.5 558
Extranet 400 394 469 382 a7 27.8 164 265 40.0 260 83 268
EDI 486 66.7 750  BAT 419 41,7 51.5 765 600 54.0 nz 146
EFT 829 516 750 235 290 306 90.9 853 85.7 50.0 56.6 808
Call Centre an4 333 315 2086 258 16.7 21.2 412 643 80.0 5.8 48.1

M: Manufacturing, R; Retail/Wholesale, B: Banking/lnsurance, SMEs: 25 to 249 employees

Source: Own survey, conducted by 1DC
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Tahle 2. SMEs' e~commerce usage per country and sector (in 9o)
After sales Internet based
Online Online customer On-line EDV with EDI with supply chain
advertising Soles senvices procurement suppliers customers management
r Avernge Increasing Complexity of Integration :>
Denmark M 65.7 N4 457 743 54.3 543 25.7
R 93.9 455 48.5 7 45.5 273 39.4
B 0.6 56.3 62.5 718 56.3 46,9 375
France M 324 8.8 176 086 44 529 715
it 254 97 129 226 29.0 290 16.1
B 47.2 16.7 78 278 4.7 kL] 333
Germany M 758 273 424 51.5 5.5 576 21.2
R 824 55,9 412 735 B7.6 629 44.1
B as5.7 45.7 65.7 429 86 400 257
LsA M 720 26.0 600 760 44.0 64.0 340
R 54.7 48.1 52.8 (9.8 41.5 434 kLN
B BO.H 30.8 50.0 769 3BS Bl 127

M: Manufacturing, R: Retail/Wholesale, B: Bankingfinsurance, SMEs: 25 to 249 employees

Source: Own survey, conducted by IDC
4.2, E-commerce drivers and barriers for SMEs

While section 4.1 provides a brief overview on the
diffusion of e-commerce technologies and the differ-
ences in ecach country as well as sectors, this scction
provides some possible reasons for the diffusion pattern
reported, based on  different drivers and  barriers
supporting or hindering the diffusion in each sector
and for country. Figure 1 depicts c-commerce drivers
vielded, using a five-point scale, where | corresponds to
‘not a driving factor at all’ and 5 w *a very significant
factor’,

Important drivers for SMEs to adopt ¢-commerce
technologies are deploved in all countries to improve
coordination with customers and suppliers, The most
impaortant drivers in Denmark, Germany and the US are
the potential o reduce costs by implementing e
commerce solutions, the expansion of markets together
with the ability to improve coordination with customers
and suppliers, The latter reason is also of importance in
France while on average the overall lowest rated drivers
were reported there as well, resulting in a low diffusion
of e-commerce technologics in the manufacturing sector
in France (see secuon 4.1). Government contributions

40
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Figure 1. E-commerce drivers for SMEs in the manufacturing sector Source: Own survey, conducted by IDC
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Figure 2. Factors impeding e-commerce for SMEs in the manufacturing sector Sowrce: Own survey, conducted by 1DC

to the diffusion of e-commerce seem to be rather
unimportant in all countrics surveyed. With the cxcep-
ton of Denmark, where online business with govern-
ment sécms to require e-commerce standards, SMEs in
the manufacturing sector do not see the impact of the
government as a driving factor.

As well as e-commerce drivers, the most important
factors impeding doing business online in the manufac
turing scctor are  also investigated  (see  Figure 2),
Analogous to Figurcl, a five-point scale was used;
where | corresponds to ‘not an obstacle® and 5 1o *a very
significant obstacle’.

Interestingly, SMEs in the US reported the highest
obstacles scores on average. While the need for customer
face-to-face interaction is not as important in Germany
or France, American or Danish SMEs rate this obstacle
as an important hindering factor.  American SMEs,
followed by Danish and French ones, regard scourity
factors as important obstacles. While the obstacles in the
field of technology support on the customer side or the
bottieneck of e-commerce-skilled staff is more of a
problem in France or the US, the prevalence of credit
cards for online shopping 15 not seen as an important
impeding factor in all countries, especially not in
Denmark. An often-mentioned barrier for SMEs is the
costliness of inregrating c-commerce solutions into an
existing in-house I'T infrastructure. US SMEs regard this
as an important  barrier. Mandatory organizational
changes can be reported for US SMEs, followed by
German and French ones, as the highest hindering
factors. The level of ability to use the Internet for their
own business is scen as critical in the US, followed by
Danish SMEs, In gencral, US SMEs regard themselves
to be confronted with more impeding factors than their
European counterparts,

In the remil/wholesale sector, one of the leas
important drvers of e-commerce — for economic reasons

is the necessity to integrate e-commerce due to
pressure  from  suppliers  requiring  e-commerce-ready
business partners (see Figure 3), Government contribu-
tions to the diffusion of e-commerce seem to be unim-
portant with the exceprion of France and Denmark,
where online business with the government seems 1o
require c-commerce applications to a certain degree,
Overall, SMEs in the retal /whelesale sector de not
regard the impact of the government as a driving factor
o implement or use e-commerce.

In comparison to other countrics, on average, US
SMEs produce the highest level of obstacles in the
retail /wholesale sector (Figure4), While the need for
customer face-to-face interaction is not as important in
Germany or Denmark, US or French SMEs rate this
obstacle as an important hindering factor. US SMEs,
followed by French and German ones, regard security
factors as important obstacles. While the obstacles in the
ficld of technology support on the customer side or the
bottlencck of e-commerce-skilled staff is more a problem
in the US, the prevalence of credit cards for online shop-
ping is not seen as an important impeding facror in all
countries, especially not in Denmark. In general, it seems
that US SMEs believe themselves to be confronted with
more impeding factors than European ones.

The reasons tor implementing e-commerce technolo
gies alsa vary in the banking/insurance seetor among the
surveyed countries. While customer demand may be
identified as an important driver in most countries,
especially Denmark, the use of online banking seems not
to be as widespread vet on the customer side in France
(Figure5).

The same seems to be true of online competition with
major competitors. While especially in the US the adop-
tion of e-commerce is strongly driven by compertition, in
Denmark and again in France this factor seems to be less
important in the banking sector,
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Figure 3. E-commerce drivers for SMES in the retail/wholesale sector Source: Own survey, conducted by 10C

Due to the low degree of vertcal fragmentarion = in
general, banks develop, creatre and distribute their
products themselves
are not as important as, for example, in the manufactor-
ing industry. In Denmark, the US and even Germany,

needs of integrating supplicrs

SMEs assess the benefits of e-commerce in the field of

automation and increasing efficiency by exploiting
cconomy of scale cffects as an important driver of c-
commerce imvestments. E-commerce as an enabler to
expand markets, to enter new business areas or to
improve coordination with suppliers and customers are
also seen as important drivers, especially for Danish and
LS SMEs. Government's contribution to the diffusion
of e-commerce seems to be rather unimportant in all
countries surveyed. With the exceprion of France, where
online bank and insurance ransactions with the govern-
ment seem to require c-commerce standards, SMEs do
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not regard the impact of the government as a driving
factor.

Again, the highest obstacles impeding the use of
¢-commerce are reported from SMEs in the US
(Figure 6).

4.3. The efficient usage of e-commerce

E-commerce output and, thercfore, the impact of
e-commerce on business processes or ¢-commerce
satisfaction depend directly on the intensity and variety
of applicarions implemented. T'o test this proposition, a
DEA analysis was used as described in section 3. The
chosen DEA model avails itself of the data sets from cach
industry sector, starting with 152 sets in the manufac-
ruring industry. Afterwards, the results may be used o
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Figure 4, Factors impeding e-commerce for SMEs in the retaillwholesale sector Source: Own survey, conducted by IDC
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Figure 5. E-commerce drivers for SMEs in the bankingfinsurance sector Sowce: Own survey, conducted by 1DC

select the efficient (marked by *) from the inefficient
ones, The results of the DEA for the manufacturing
sector are provided in Figure 7.

On average, efficient SMEs in the US use 67.5%, in
Denmark 81.8%, in France 46.4% and in Germany 64.3%
respectively of the seven e-commerce technologies asked
for (i.e. use of: online advertising, online sales, after-sale
customer service, online procurement, EDN with suppli-
ers, EDI with customers, Internet-based supply chain
management). The impact on business improvement is
measured by the sadsfaction index for Germany with an
index of 3.0, France with 3.1, and 2.2 each for Denmark
and the US.

Interestingly, cfficient French SMEs in the manufac-
turing sector derive a higher level of satisfaction from
e-commerce than German ones with only 46.4% of all
available e-commerce technologies. One possible expla
nation might be the innovative character of e-commerce,
which is embraced more enthusiastcally in France,
Another cxplanation might be the larger efficiency
potentials of even fewer e-commerce technologies in
France than in Germany.

In the retail /wholesale industry, altogether 151 data
sers are used to calculate the relative efficiency of SMEs
in the four countries by using DEA. The results are
provided in Figure 8, where the relatively efficient
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Figure 6. Factors impeding e-commerce for SMEs in the banking/insurance sector Source; Own survey, conducted by (DC



Electronic Markets Val. 15 No 1

47

a6
i g Friance® b *
3 Disrirmark?
Canmark | @ USA
2 &
France
]

1.8

1
(-]

o

0% 10% 0% 0% 40% 50% 0% To% B0% 0%

Internet usage indicator

Figure 7. Results of the DEA analysis in the manufacturing sector DEA-efficient firms per countries are marked by * Source: Own survey,

conducted by (DC

SMEs are marked by *. On average, efficient SMEs in the
US use 63.5%, in Denmark 42.9% and in Germany 64.3%
of the seven e-commerce technologies asked for and
therefore significantly more than inefficient ones com-
pared with both their natonal as well as intermational
efficient comperitors. The impact on business improve-
ment (measured as the satisfaction index) is therefore
also significantly higher among efficient SMEs compared
to their relanvely inefficient counterparts.

While inefficient German SMEs in the rerail/
wholesale sector deploy only 9.2% fewer e-commerce
applications than efficient SMEs, the differences in

Denmark, with 24.1%, or France, with 22.3%, are quite
large. In Germany, the percentage of cfficient firms is
higher and the gap berween efficient and inefficient
SMEs is not as large. This might be an indicator for a
broader diffusion of advanced c-commerce solutions
among the majority of the German rerail /wholesale
industry,

In the last industry sector investigated, the banking,”
insurance sector, the DEA uses 155 data sets as decision-
making units (DMU) (Figure9), On average, efficient
small and medium sized banks in the US vse 74%, in
Denmark 78% and in Germany 68%, respectively, of the
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Figure 8. Results of the DEA analysis in the retailfwholesale sector DEA-efficient firms. per countries are marked by * Source: Dwn survey,

conducted by IDC
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Figure 8. Results of the DEA analysis in the banking and insurance sector DEA-efficient firms per countries are marked by * Source; Own

survey, conducted by IDC

seven e-commerce technologies asked for, The impact
on business improvement is measured as the sansfaction
index for Denmark with 2.97, 3.03 for Germany and
3.29 for the US. Although efficient finance institutes in
France are only using 43% of all available e-commerce
solutions, the resulting satsfacton index, ar 2.97, is as
high as in Denmark. As expected, relatvely inefficient
banks in the sample used fewer e-commerce solutions,
resulting in a lower satisfaction rare.

Based on the broad diffusion of e-commerce technol-
ogics, Danish and US SMEs reported the highest
business improvements provided by emploving all kinds
of e-commerce applications (sce Table 3),

While Danish SMEs in the manufacturing sector
reported the largest positive impacts on their business
processes on average, US SMEs in the banking/
insurance sector were able to gain higher benefits by
deploying ¢-commerce in nearly every arca asked for.
While in France only SMEs in the retail /wholesale
sector are at the forefront in gaining the highest
benefit of internal business improvements in the data
sample, German SMEs in the manufacturing secror
(internal business improvement 36.4%) or in the retail /
wholesale sector (international sales increasced 14.7%
and procurement costs decreased 20.6%) are at the
forefront,

As Proposition | suggested, e-commerce drivers have
a significant positive impact on firms at the country level.
Figure 10 provides the significant symmetric difference
between DEA-efficient firms and the rest of the dara
sample on average. Efficient firms always perceive higher
impacts by drivers of e-commerce than DEA-inefficient
firms. Government-related drivers, as provided earlier,
arc not taken inwo account because they are insignificant
tor all countries analysed. On the other hand, there are
no significant differences between DEA-efficient and

-inefficient firms in relation to the asked for obstacles
(with exception of recruiting employees with I'T know-
how and the prevalence of ecredir cards). Drivers scem to
accelerate efficient firms significantly better than ineffi-
cient ones, especially in France where the average gap
between both types of firms is highest in most cases,

A positive business environment seems, therefore, to
have a sigmificantly higher positive impact on firms
applying ¢-commerce efficiently, whereas the obstacles
tested are insignificant in terms of impeding efficient and
inefficient firms.

According to the claim posited in Proposition 2, the
correlations berween the number of e-commerce appli-
cations deploved (e-commerce deplovment) and the
positive impact or efficient use on the industry level (im-
pact of doing business online) are provided in Table 4,
based on a Spearman significance test. Therefore, the
correlations berween the number of e-commerce appli-
cations used per firm in an industry in the rows (sum of
used applications, see Table2) and the efficiency
increase, represented as positive impacts in the columns
{see Table 3), are calculared.

As Proposition 2 indicates, there is a significant bur
weak correlation between the number of e-commerce
applications deploved for SMEs (N) per industry and the
perceived efficiency increases. The use of the rank order
correlation  coeflicient reveals a monotonic  relation
among ordinally scaled data. While the results are very
significant in  the manufacturing and  banking and
insurance industry, in the rerail and wholesale industry
they are insignificant in terms of internal processes and
staff’ being more efficient, as well as international sales
being increased. MNevertheless, the efficient use of
e-commerce applications scems to be positively corre-
lated with the number of technologies deploved as has
already been revealed by the DEA analysis,
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Table 3. Impact of doing business online, i.e. percentage indicating impact is a great deal (4 or 5 on a five-point scale)
Denmark France Germany usA
M R ] M R B M R B M R g

Internal processes more efficient N4 Br N3 /5 273 2 364 294 M6 20 M5 365
Staff productivity increased 86 290 156 (R R:] 91 139 12.1 11.8 1717 240 202 385
Sales increased 229 37 33 29 81 28 129 206 229 220 245 154
Sales area widened 200 167 250 g8 121 &7 82 65 29 400 358 308
Customer service improved 486 194 S00 206 273 222 182 235 514 M40 3I5B 423
International sales increased 171 9.7 3 59 B.1 56 121 14.7 289 140 9.4 5B
Procurement costs decreased 20,0 a2 1256 1B 182 28 00 206 29 180 113 154
Inventony costs decreased 11.4 0.0 i 88 152 28 30 5.9 5.7 40 13 173
Suppliers coordination improved 286 16.1 188 235 302 194 273 176 143 280 283 288
Competitive position improved 286 129 M]3 29 212 B3 182 235 371 340 321 288

M: Manufacturing, R: Retall/Wholesale, B: Banking/Insurance, SMEs: 25 to 248 employees

Source: Own survey, conducted by 1DC

5. DISCUSSION AND CONCLUSIONS

Within the four countres studied (Denmark, France,
Germany, US), the implementation of e-commerce has
shown operational process improvements resulting in
efficicncy gains and to expand markers, as well as to
thereby help to decrease costs, Firms with an all-
embracing approach  utilizing  e-commerce  applica-
tions are more often efficient than firms with a lower
e-commerce diffusion rate, Although the nature of
e-commerce applications is more or less the same, each
country is following its own diffusion pattern or path,
based on national differences recognizable in competi-
tion, existing and emerging I'T infrastructure, business
concentration, governmental  regulations or  even
national mentality.

SMEs constitute the backbone of the economy in the
countries studied. The vast majority of all firms are
SMEs and they also employ the vast majority of people
when compared to large firms. SMEs also create more
jobs than large firms and SMEs exhibit considerable
creativity and innovativeness. These small and mediom-
sized firms have solidly embraced e-commerce. One
explanation may be that their leadership role in the
cconomy coupled with their high degree of innovative-
ness triggered their innovator and early-adopter beha-
viour with regard to e-commerce diffusion. Conversely,
one may argue¢ thar firms o which these SMEs are
supplicrs, especially when these firms are large firms,
require SMEs to be e-commerce-ready. This creates for
SMEs a particularly stringent imposition with regard to
strategic positioning in the market in that larger firms are
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Figure 10. Significant differences among percelved drivers between DEA-efficient firms and the rest of the data sample ™" p<.001, ™ p=<.01,

* p<05
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Table 4. Number of e-commerce solutions deployed correlated with positive impacts and efficiency gains

E-commerce E-commerce E-commerce
deployment deployment deployment
Manufocturing RetailWholesole Banking/insuronce
{N=152) (N=151) {N=155]

Internal processes more efficient 299 14 273"
Staff productivity increased an= 09 319"
Sales increased 283" 387" A86™
Sales area widened T 357" 390"
Customer service improved 378" 251" an-
International sales increased aer 0as 303~
Procurement costs decreased 432" a2or 366~
Inventary costs decreased aga~ 233" an=
Suppliers coordination improved Ad4 Ao Alq=
Competitive position improved ARG 217 A49™

=op=01, * p<.05

very likely not even interested in doing business with
SMEs unless they are indeed already ¢-commerce-ready
(Wigand 2003a).

According to Proposition 1 the efficient usage of e
commerce 15 indecd significantly related to positive
national business environments. French firms have 1o
cope with above average obstacles, resulting in low
efficiency rates as the DEA analysis has shown. On the
other hand, US frms scem to be confronted with high
drivers and high inhibitors at the same tdme, enjoving a
relatively large efficiency position,

SMEs in the three industries studied wirhin the four
countries utilize more or less the same high level of ¢
commerce applications. Although the de ficrs e-com-
merce readiness is clearly visible, in-depth statements
about current usage-behaviour and  intensiny per s
cannot be made, based on the design and gquestions
asked in the underlying survey, The overall diffusion of
¢-commerce technologies may be deseribed as high, but
France, especially, is still lagging behind  leading
countries and sectors in terms of ¢-commerce technol-
agy diffusion.

While all industry sectors are more or less similarly
well equipped, industry-related differences remain. Ar
the industry level, the e-commerce-based improvement
of internal processes are highest in Germany, while the
overall impact of e-commerce together with the installed
set of e-commerce technologies is highest in Denmark
and the US,

SMEs inside the retil/wholesale sector benefit
especially from  Internet-based  possibilities of online
sales and procurement. In this area, German SMEs are
leading in terms of e-commerce readiness with more
c-commerce technologies in place than anywhere clse.
Although US retailers reported a lower diffusion rate in
comparison to German or French SMEs, the impact on

efficiency was the highest, especially in the ability to
widen sales or wo improve customer services,

A similar sitvation may be observed in the banking
and insurance sector, where again Danish SMEs are
leading in terms of e-commerce technology diffusion,
but US SMEs benefit most in reporting the highest
impact of e-commerce in nearly all arcas investigated,

The results of the two propositions tested, ie. (1)
DEA-efficient firms value drivers of e-commerce sig-
nificantly more highly than other firms and (2) the
efficient use of e-commerce is positively related to the
number of e-commerce solutions deployed, have shown
that much more research is needed in this under-
researched area of diffusion and efficient use of e-
commerce by SMEs, Comparable dara abour SMEs and
their e-commerce activities are still in short supply.
Therefore, this contribution can only be seen as a first
step towards further empirical research abour SMEs,
impacted by fast c-commerce technology developments
and global competition. Although the same e-commerce
technologies may be available in every country or
industry for SMEs, academic knowledge about the
different modes of diffusion, usage and integraton
and, furthermore, the resulting benefits are stll very
limited. Several cross-country différences in responses
may potentially have resulted from  country-specific
culturally biased response preferences,
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