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Abstract

Purpose – The purpose of this paper is to investigate empirically the critical factors for the diffusion
of web technologies in supply chain management (SCM) functions, based on the
technology-organizational-environment model, and to identify the benefits resulting from diffusion.

Design/methodology/approach – Data were collected, via an internet survey, from
251 respondents, ranging from middle-level to top-level managers, from firms which currently
utilize web technologies for their supply chain activities. Structural equation modelling was employed
for five factors: relative advantage; competitive pressure; complexity; trialability; and top management
support, which have been hypothesized to affect the diffusion of web technologies in SCM functions.

Findings – The results suggest that all the factors except trialability are significant predictors of web
technologies’ diffusion in supply chain functions. The results show also that by diffusing web
technologies, organizations can enhance their supply chain activities.

Research limitations/implications – The survey was conducted in a Malaysian context, using a
limited set of variables, thus limiting the generalizability of the findings.

Practical implications – This study provides a greater understanding of managers’ perception of
web technology diffusion in their organizational SCM functions, and benefits realizing from diffusion
of web technology, such as operational efficiency.

Originality/value – Those interested in adopting web technologies in their supply chain activities
may find these results helpful in guiding their efforts.

Keywords Malaysia, Managers, Information technology, Internet, Diffusion, Web technology,
Supply chain management

Paper type Research paper

Introduction
The potential of web technologies to transform business models, organizational structures
and the process of an inter-firm relationship with customers, suppliers and other business
partners is now universally accepted by many popular organizations (Asare et al., 2011;
Chatterjee et al., 2002; Pinho et al., 2011; Zheng, 2011). Owing to their immense potential,
web technologies have become an integral part of business activities for many Fortune
500 companies. Eventually, this advancement in technologies will provide new platforms
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for the companies to extend their business activities (Ranganathan et al., 2004). Many
firms, such as Dell, Wal-Mart and Intel, have acknowledged that they enhance their supply
chain functions by using web technologies. They have also stated that after implementing
web technologies they can provide superior value to their customers, which helps them to
acquire competitive advantage (Lancioni et al., 2000; Pinho et al., 2011; Talib et al., 2010;
Tarofder et al., 2010).

Supply chain management (SCM) consists of different business activities, ranging from
the purchasing of raw materials to vendor management. The primary focus points of the
supply chain management functions are minimizing cost, improving service, increasing
interaction among business partners, and providing flexibility in most of the supply chain
activities, especially delivery and response systems. Web technologies offer ample
opportunities for the organizations by ensuring efficiency in operations, providing
electronic payment systems, making communication easier and frequent among business
partners, fulfilling the order, facilitating inventory management, and improving their
supply chain performance. Therefore, to be competitive in the current business world,
many companies (Wal-Mart, Retail Link, Transsora.com, Vertical.Net) are using web
technologies in their supply chain management functions. Hence, there are no questions of
the importance of web technologies in SCM. However, it is still unclear the main difference
between internet and web technologies among the parishioners. Theoretically, both
internet and web technologies are merely same. But based on the technical aspects, there is
fundamental difference between these two technologies. Internet is a structure of
delivering web technologies. More specifically, web technologies are combination of
advance contents which facilitates collaborative business environment. In addition, with
the help of web technologies, organizations are able to coordinate and integrate their
business activities more effectively and efficiently.

In view of the capability of web technologies to bring about radical improvement to
the performance of many supply chain activities (Benjamin and Elsie, 2003;
Chatterjee et al., 2002; Chou et al., 2004; Kim and Galliers, 2004; Russell et al., 2004;
Sanders, 2007) and the subsequent performance of organizations, SCM has become a
priority item on top executive agendas, in their search for competitive advantage. They
realize that web technologies can provide the perfect platform for tighter coordination,
which serves as a benchmark for superlative supply chains.

In Malaysia, the IT market is expected to increase from USD 1.2 billion in 2007
to USD 2 billion in 2012, with a compound annual growth rate of 11.1 percent
(International Data Corporation – IDC, 2009). IDC also forecasted that spending on
business services would grow between 17 and 18 percent in 2009. In addition,
Malaysia’s IT investment grew between 4 and 5 percent in 2009, surpassing the USD
6 billion mark. In spite of heightened interest and increased investment in IT, it was
reported that Malaysian businesses have been relatively slow in web adoption
(Alam and Ahsan, 2007; Tan, 2006). Only 30 percent of Malaysian enterprises have a
web presence and use IT in their daily operations (Liu et al., 2010). This reflects a poor
rate of IT utilization among the estimated 600,000 local enterprises. Most Malaysian
enterprises perceive cost, risk, complexity, and lack of technical personnel as the main
barriers to IT and/or e-commerce implementation (Chong et al., 2008; Kogilah et al.,
2008; Pires and Aisbett, 2001; Yeung et al., 2003) even though the country has sufficient
infrastructure and technological facilities (Husnayati and Rafidah, 2005; Intan et al.,
2008).
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Many benefits of web technologies in SCM functions have been identified by
organizations, however, the implementation of web technologies and system is
challenging (Chong and Ooi, 2008; Ranganathan et al., 2004; Tarofder et al., 2010). For the
successful diffusion of web technologies, organizations require a combination of several
critical factors, such as organizational characteristics, technological attributes,
environmental factors and so on (Ranganathan et al., 2004; Tarofder et al., 2010). The
success of web technologies’ diffusion in SCM depends greatly on which system or
application is used by organizations and their partners in the supply chain. Based on this
challenge, many important questions remain. For example, is there any difference
between manufacturers and service providers in the diffusion factors of web technologies?
Is there any difference between innovators and other group of adopters in the diffusion
factors of web technologies? How do companies implement web technologies effectively in
their supply chain management? What are the critical factors influencing the effective
adoption of web technologies? What types of management practices are important for the
successful diffusion of web technologies in the supply chain?

Therefore, the focal point of the present study is to gain in-depth knowledge of the
effective diffusion of web technologies in SCM functions. More precisely, the objectives
of this study are to identify empirically the important determinants influencing the
effective diffusion of web technologies in SCM, and to assess the perceived benefits
resulting from this effective diffusion.

There is a considerable amount of research in the area of diffusion of innovation in
different contexts, such as IT (Bakker et al., 2008; Croom, 2005); electronic data
interchange (EDI) (Chau and Hui, 2001; Seyal et al., 2007); and enterprise resources
planning (ERP) (Li, 2011; Upadhyay et al., 2011). In contrast, very little research has been
conducted empirically to examine the diffusion of web technologies and their benefits
(Ranganathan et al., 2004; Tarofder et al., 2010). There is a fundamental difference between
web technologies and traditional EDI systems, especially in the supply chain context.
Supply chain management can reach beyond the boundaries of a single company, to share
information among suppliers, manufacturers, distributors and retailers. And web
technologies play an important role by providing a collaborative platform for all the
business partners, including customers (Graham and Hardaker, 2000).

For example, General Electric (GE) in the USA is a first mover who realized the benefits
of shifting from a physical to an electronic business community model. The trading process
network (TNP) of GE is an online business community that transacts about USD 1 billion
worth of business, with more than 1,400 suppliers scattered around the globe (Graham and
Hardaker, 2000). Therefore, it is important to examine and identify the factors that facilitate
the diffusion of web technologies in SCM functions (Tarofder et al., 2010).

Similarly, there is a lack of literature about information systems (IS) related to web
technologies’ diffusion in SCM functions (Sanders, 2007). Moreover, this is hardly
found in the Malaysian context. Hence, this study tries to fill this gap by identifying
critical determinants for the effective diffusion of web technologies, and provide
empirical evidence of the benefits acquired from this diffusion, in the Malaysian
organizational context.

Literature review
In the last few decades researchers have paid great attention to IT diffusion in
organizations (Doolin and Ali, 2008). This study focuses mainly on primary diffusion
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rather than secondary. Primary diffusion focuses mainly on diffusion of innovation by
an organization, whereas secondary refers to diffusion by individuals within the
organization. In this study, organizational diffusion has been considered as a process
which started with initial awareness and evaluation of a new technologies or services,
followed by a decision to purchase and implement the innovation, and finally to spread it
out among partners of the organization (Bakker et al., 2008; Chan and Ngai, 2007;
Ranganathan et al., 2004; To and Ngai, 2006; Tarofder et al., 2010).

Many researchers have tried to develop various theoretical concepts for IT adoption by
organizations. The notion of extended enterprise, one of the popular theoretical
frameworks for supply chain management, was developed by Chan (2004). This concept
was developed for the supply chain management approach, by integrating all business
partners in one single network to achieve a common objective. The fundamental aim of
this concept is to yield new value by integrating all business activities into one value
network (Stabell and Fjeldstad, 1998). Chan (2004) described this model based on three
important views; namely, external, conceptual and internal views. He considered external
views as user application, operational and analytical processes, and organizational
structures. The conceptual view consists of a conceptual data function model supporting
operational and analytical requirements. And lastly, internal views consist of the technical
implementation of data storage, software modules, hardware platforms and
telecommunication networks. Eventually, all these layers can be connected through the
construction of the enterprise information roadmap, to provide extra value to all the
organizational partners (Chan, 2005). Hence, the Internet together with traditional IT has
had a significant impact on SCM systems. Many industries, airlines, hospitals, and so on,
have acknowledged the significant improvements resulting from IT enabled
inter-organizational systems during the 1980s and 1990s (Johnston and Vitale, 1988).
Therefore, it is clear to all organizations that Information Technologies play a very
important role in adding value to the SCM. In this regard, many renowned organizations
across the world have invested significant amounts in developing web technologies in
their supply chain, as these technologies offer great enhancement of business activities
(Ranganathan et al., 2004; Tarofder et al., 2010).

To identify the determinants of the diffusion of web technologies, various researchers
have utilized a number of approaches (Doolin and Ali, 2008). One common approach is to
identify a set of contingency factors that explain collectively the innovation diffusion
(Fichman, 2004; Jeyaraj et al., 2006). Other researchers have employed “technologies-
organizational-environment” model which encompasses factors of IT innovation
adoption. This model was first developed by DePietro et al. (1990). A number of
empirical studies have acknowledged the usefulness of this model, and it has been
extended to other innovation domains such as this study (Doolin and Ali, 2008; Zhu et al.,
2003).

This technologies-organizational-environment model proposes that organizational
innovation adoption is influenced by three important factors, namely:

(1) perceived characteristics of the new innovation;

(2) organizational characteristics; and

(3) environmental condition.

Owing to difficulties in examining all the proposed factors belonging to each group,
prior studies of innovation adoption have identified a complex and rich group
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of potentially relevant factors within each of these three elements (Russell et al., 2004).
Figure 1 shows the adoption model for this study.

Characteristics of new technologies
From their vigorous analysis of diffusion studies, Jeyaraj et al. (2006) found relative
advantages, complexity and compatibility as the most utilized independent technological
characteristics for IT adoption among organizations. In this research, perceived
usefulness is considered as an important technologies attribute instead of relative
advantages. Perceived usefulness was identified by Davis et al. (1986), in their
technologies acceptance model, which is another popular theory among diffusion
researchers. Finally, this research motivated by diffusion of innovation theory developed
by Rogers (1962). He defined innovation as “an idea, practices or object that is perceived
as knew by an individual or other unit of adoption”. Based on this definition, web
technologies consider as an innovation and organizations considered as unit of adoption.
This theory provides a strong theoretical background for the diffusion process. More
specifically, this theory helps to identify the important determinants for diffusion of an
innovation. There are three different diffusion models that are highly popular among
diffusion researchers which are developed based on fundamental structure of diffusion
theory. Apart from the analytical economic research approach, number empirical studies
have used Rogers’s diffusion theory of as a basis for their research (Jeyaraj et al., 2006). In
addition, Rogers identified five innovation characteristics as important determinants for
diffusion of innovation. However, all determinants are not important for web technologies
as these technologies become an important component for business activities. Jeyaraj et al.
(2006) mentioned relative advantages, complexity and trialability are the most influential
factors for diffusion of Internet. In addition, relative advantage and perceived usefulness
use interchangeable in many recent researches. It is because technology acceptance model
was developed based on this theory. Therefore, this study does not consider perceived
usefulness as an important determinant for web technologies. Moreover, this research
considers trialability instead of compatibility as a strong influencing factor for the
diffusion of web technologies. This is because this study assumes that organizations
always try to maximize the value of using new technologies. Therefore, organizations
prefer to try before taking final decisions about using new technologies. Hence, trialability

Figure 1.
Conceptual model for the

diffusion of web
technologies in supply

chain management
functions

Characteristics of New
Technologies (Web Technologies)

Perceived Usefulness
Complexity
Trialability

Characteristics of Organization
Top Management Support

Characteristics of Environment
Competitive pressure 

Diffusion of Web
Technologies in
SCM functions

Benefits of
diffusion

•
•
•
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•
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is an important determinant of the diffusion process. The next section discusses of all these
factors in more detail.

Perceived usefulness
Perceived usefulness refers to the benefits in terms of efficiency arising from the use of
new technologies (Chan and Ngai, 2007; Mpofu and Watkins-Mathys, 2011). It is well
accepted by many researchers that web technologies have been advocated as a significant
route for the development of operations and strategic supply chain management in many
organizations (Croom, 2005), and continuously provide important new avenues for wealth
creation (Amit and Zott, 2001). Numerous recent studies (Ahuja and Thatcher, 2005;
Dow et al., 2008; Gallivan et al., 2005; Ifinedo, 2011; Liao et al., 2011; Shih et al., 2008;
Tarofder et al., 2010) have done research in the context of the diffusion of innovation
within organizations, by developing models of various determinants and measures of IT
diffusion. Eventually, all these studies confirmed the positive relationship of the perceived
usefulness of the diffusion of information technologies within organizations. Based on this
discussion, this study proposed the first hypothesis as:

H1. There is a positive significant effect of perceived usefulness on the rate of
diffusion of web technologies in supply chain activities.

Trialability
Trialability is an innovation attribute which is drawn from the Rogers’ (1983) Model of
Diffusion of Innovation. In Rogers’ adoption model, trial is the fourth step before final
adoption. This indicates that triabability is related to the perceived risk of using
new technologies and is likely to reduce the uncertainty of diffusion of new innovation
or technologies. Finally, trialability assists adopters to evaluate the benefits of
having that innovation or technologies, which makes it easy for adopters to take the
decision.

Many of the earlier studies (Alam et al., 2007; Doolin and Troshani, 2007; Oh et al.,
2003) have considered this important factor for innovation diffusion in different
technological contexts, such as extensible markup language (XML), E-commerce, etc.
Therefore, this study also considers trialability as an important determinant for the
diffusion of web technologies in SCM functions and develops the second hypothesis for
this study as stated below:

H2. There is a significant positive effect of trialability on the rate of diffusion of
web technologies in supply chain activities.

Complexity
Most diffusion models have supported complexity as an important factor for the
diffusion of technologies. Complexity refers to the degree to which a new technologies
is comparatively difficult to apply and understand (Rogers, 1962). In particular,
organizations are more reluctant to adopt a new technologies when it is difficult
to use and understand (CHiasson and Lovato, 2001). More studies have considered
this important factor for innovation diffusion in different technological contexts,
such as XML, eXtensible business reporting language (XBRL), EDI, ERP,
E-business, etc. and most researchers identified negative effects of complexity on
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the adoption of technologies. Above discussions lead to develop the third hypothesis
for this study as stated below:

H3. There is a significant negative effect of complexity on the rate of diffusion of
web technologies in supply chain activities.

Environmental factors
To be more efficient in supply chain management functions, environmental factors
could be important determinants for the diffusion of technologies. Larger manufacturing
organizations always put pressure on their trading partners so that they will meet world
standards, which is very important in the globalization arena. Hence, the diffusion of
web technologies in SCM functions could be a result of pressure exerted by different
actors within the industry. It has been suggested that firms experiencing intense
competition will have a faster rate of diffusion of technologies within the organization
(Ifinedo, 2011; Teo et al., 2003; To and Ngai, 2006; Warrts et al., 2002).

In this century, responsiveness is one of the important strategies at all levels of
the organization. Organizations can lose many opportunities without having this
responsive strategy. Therefore, it is clear that competitors nowadays tend to be more
responsive and careful about competitors’ actions, especially in the global environment.
Julien and Raymond (1994) have also identified that the status of a business, expressed
in terms of independence from or affiliation to a group or network of firms, is significant
in the adoption of technologies. Hence, in order to be part of large group, a company
does not have any other choice except to adopt the technologies. Similarly, other
researchers also found significant effects of external pressure on diffusion process.
Examples include pressure from trading partners (Iacovou et al., 1995); readiness of
business partners (Zhu et al., 2003); partners’ influence (Doolin and Ali, 2008; Ifinedo,
2011); competition in industry (Raymond and Uwizeyemungu, 2007); and competitive
pressure (To and Ngai, 2006).

In addition, firms that are pioneers in deploying IS tend to have a more competitive
advantage. Hence, there is significant pressure for organizations to diffuse the system
quickly in order to gain a competitive advantage (Ranganathan et al., 2004). Therefore,
organizations facing higher competitive pressure are likely to expend considerable
effort in diffusing web technologies to partners, so as to strengthen the integration with
business partners that could give them a competitive advantage. This leads to the
following hypothesis:

H4. There is a positive significant effect of competitive pressure on the rate of
diffusion of web technologies in SCM functions

Organizational characteristics
IS introduction can be considered as the diffusion of technologies in a social system.
Therefore, the alignment between organizational and technological need is very
important to be successful in diffusion process. As a result, organizational characteristics
play an important role in the diffusion of technologies. In fact, prior research considers this
is as one of the most critical factors for the diffusion of technologies (Doolin and Ali, 2008;
Li, 2011; Raymond and Uwizeyemungu, 2007).

This factor can be defined by different characteristics of the organization, such as
its employees, available internal resources, profit, and so on. Different studies found a
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significant effect of the size of organization on diffusion process (Bernroider and Koch,
2001; Grover and Goslar, 1993). Grover and Gosler identified the that size of the
organization had a significant and positive effect on the adoption of IT within the
organization, and concluded that the larger the organization, the greater the resources
for adoption and implementation of new technologies. Similarly, Bernroider and Koch
found a significant difference between medium-sized enterprise and larger enterprises,
in terms of the selection and implementation of new technologies.

Among these varied characteristics, support from top management is one of the
most influential factors for the diffusion of technologies ( Jeyaraj et al., 2006).
More specifically, the commitment, involvement and support of top management can
give the right direction which matches organizational goals, as they ensure adequate
resources and communicate the significance of the diffusion, leading eventually, to an
increase in the diffusion rate (Ifinedo, 2011; Mosbeh and Soliman, 2008; Russell et al.,
2004; Sohail and Teo, 2003; Upadhyay et al., 2011). Therefore, this study considers top
management support as an important factor for the diffusion of web technologies, and
develops the following hypothesis:

H5. There is a significant positive effect of top management support on the rate of
diffusion of web technologies in SCM functions.

Benefits of web technologies’ diffusion in SCM
It has been well acknowledged that IT has a positive effect on business activities,
especially on operational activities. A number of researchers have examined the
effect of e-business technologies on the supply chain (Dong et al., 2010; Lin, 2008;
Ranganathan et al., 2004; Sanders, 2007; Wiengarten et al., 2011). Similarly, other
researchers have assessed the benefits of the diffusion of IT at national, industry and
firm levels (Barua and Mukhopadhyay, 2000; Dehning and Richardson, 2002; Kohli and
Devaraj, 2003; Mahmood and Szewczak, 1999). Recent studies have shown a mixed view
about the benefits of the diffusion of web technologies in the context of the supply chain.
For example, Devaraj et al. (2007) investigated the effect of e-business technologies on
the operational benefits, but did not identify any significant direct benefits on operations
except the betterment of customer service and supplier integration. Similarly, Power et al.
(2010), in a more recent study, investigated the effect of the electronic market place on
operational benefits, but based on their analysis, they concluded that the electronic
market place was not very effective in terms of operational performance unless all
business partners had integrated themselves into the same network.

In another study, Sanders (2007) examined the effect of e-business technologies on
operational and strategic points of view. He identified that e-business technologies had a
positive effect on both. Similarly, Ranganathan et al. (2004) examined the benefits of the
assimilation and diffusion of web technologies in the supply chain. Their results showed
that benefits, such as customer service, inventory control, operation cost, cycle time, and
relationships with suppliers, can be enhanced by the assimilation and diffusion of web
technologies. Moreover, studies related to ERP and EDI have shown positive effects on
the business performance. For example, Lee et al. (2006) identified a significant positive
improvement in business performance by adopting an EDI enabled supply chain in the
retail industry. Chatfield and Yetton (2000) concluded that organizations can gain
strategic benefits from the adoption of EDI. Rajendran et al. (2008) identified that by
adopting information systems in small businesses can improve their business
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performance in terms of sales growth, profitability, financial resources and public
image. Moreover, theoretically, operations management also indicates that web systems
have a significant impact on the SCM functions (Lancioni et al., 2000). Finally, Lee and
Whang (2001) identified many benefits related to the electronic supply chain, focusing
mainly on cost, speed and communication. They also mentioned that the electronic
supply chain can provide a time platform for information sharing. At the very least,
e-SCM has the ability to provide early warning signals when products are running out.
Consequently, organizations can manage their inventory effectively. Hence, it is
important to adopt technologies in SCM to manage efficiently and effectively. However,
the researchers mentioned that e-business technologies are not adequate on their own to
provide competitive advantage. This requires additional resources such as IT, human
resources, infrastructure (Melville et al., 2004; Power et al., 2010; Wade and Hull, 2004).
Moreover, Wiengarten et al. (2011) mentioned that the benefits of adoption or diffusion of
technologies in supply chain management are still not fully understood. Therefore,
based on the above discussions, this study proposes the following hypothesis:

H6. There is a positive impact of the diffusion of web technologies on the benefits
of the diffusion of web technologies in SCM.

Research methods
On the basis of research objectives, this research used both descriptive and causal
research. Descriptive research for this study helps to explain the characteristics of web
technologies, and determines the frequency of the occurrence of this important
phenomenon, such as SCM practice by the organizations using web technologies for
their operations. Despite this, descriptive analysis cannot explain any relationship
between dependent and independent variables. Hence, this research also adopted causal
research. As a result, the research can test both hypotheses and associations between
dependent and independent variables.

Development of research instrument
The only instrument used in this study is a structured questionnaire. This study used a
structured questionnaire for two reasons:

(1) questionnaire provides standard responses from respondents compared to
interviews (Sekaran and Bougie, 2010); and

(2) all important information can be collected in a structured form compared to
other instruments (Hair et al., 2008).

Questionnaire development for this study started by identifying appropriate data to
provide the right answers to the research questions. Hence, this research clearly defined
both conceptual and operational definitions of all the variables identified in the literature
review. Table I provides definitions for all the variables. All the variables were measured
using a five-point Likert scale. For example, in this study, questions about “trialability”
were “very important” or “not at all important” for the diffusion of web technologies.
Moreover, all the variables were measured by four items of questions. Based on scaling
procedures used for the questionnaire, close-ended questions were used wherever
possible owing to the larger scale survey approach (Sekaran and Bougie, 2010).
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Conceptual and
operational definitions
of all variables
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This study used two types of scale in order to measure information regarding demographic
and variables. These scales were categorical and a five-point Likert scale. Finally, all the
items to measure variables were adopted from different literatures in the research context,
but for different technologies (Michelino et al., 2008; Mosbeh and Soliman, 2008;
Mukhopadhyay and Kekre, 2002; Ranganathan et al., 2004; Subramani, 2003).

Sampling
In this research, the population comprised all top management professionals, especially
from the organizations using web technologies, such as Proton, Petronas, Telecom
Malaysia. The sampling frame for this study was the business database provided by
Federation of Malaysian Manufacturers (FMM), Malaysian Investment Development
Authority (MIDA), Standard Assessment Procedures (SAP), Exporters and Importers
and Port Klang shipping Agencies Associations. All these databases are very popular
among Malaysian researchers (Chong and Ooi, 2008).

A stratified random sampling method was used to identify firms which have
been using web technologies for their business activities. Out of 2,575 organizations,
1,000 organizations fulfilled the requirements. To decide the sample size, the minimum
requirements for structural equation modelling (SEM) of the data were considered.
A sample size of 200 satisfies the SEM data analysis (Arbuckle and Wothke, 1999;
Hair et al., 1998; Nunally and Berstein, 1994; Schmacker and Lomax, 1996). In addition,
the sample size for SEM is affected by many factors, such as the complicated mode,
number of latent variables, and number of items used to measure latent variables.
However, Kline (2005) suggested that conducting SEM with more than 200 respondents
is more appropriate. The total number of respondents for this study was 251 and,
therefore, adequate for the complexity of the model and number of latent variables.

In order to overcome the issue of response bias (Armstrong and Overton, 1977;
Kanuk and Berenson, 1975; Ranganathan et al., 2004), the non-response bias was
examined between early and late respondents on all research constructs. Based on the
results of independent sample t-test, there is no significant difference between these
two groups at a 95 percent confidence interval. In addition, this research also examined
bias based on significant correlation between item score and survey response time, and
the correlation results revealed that none was significant.

Data collection method
Every survey method has merits and demerits. There is no single best survey method
for all research situations (Malhotra, 1999; Sekaran and Bougie, 2010). Therefore, the
appropriateness of the survey method depends mainly on the research objectives and
research limitations. In selecting survey methods for this research, factors such as time
constraint, cost, and the attributes of respondents were taken into consideration
(Ranchhod and Zhou, 2001). After considering all those criteria, this study selected an
online survey for this study.

Respondents’ attributes
Table II presents the demographic profile of the respondents’ firm. The sample had
a different representation in terms of industry category, which was distributed fairly
across different industry groups in manufacturing and service industries. The responding
firms reported a broad range of annual revenue, with most of them generating between
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RM 1 million to RM 5 million, followed by between RM 5 and RM 10 million. Only
2.4 percent of them generated more than RM 50 million. Slightly more than half of the
respondents were senior level managers, and the majority of them reported that their firm
had been using web technologies for less than or equal to one year for their business
activities. All the respondents’ firms already used web technologies in their SCM
functions.

Validity and reliability of measures
Significant precautions were taken during the various stages of development, such as
pre-tests and pilot tests of the instrument, to ensure a high degree of content validity. The
content validity of the measures was assessed by a pre-test with knowledgeable experts,
and construct validity was examined from two key perspectives: unidimensionality and
discriminant validity. It was evaluated by exploratory factor analysis (EFA). The three
usually accepted decision rules (eigenvalues $ 1; factor loading $ 0.50 and simplicity
of structure) were employed for identification of the factors (Hair et al., 2008). The results
of the test for unidimensionality or discriminant validity are reported in Table III. The
results of the factor analysis were satisfactory, and all the items measuring seven
variables loaded on the appropriate variables. Seven factors emerged as expected.
The overall variance was satisfactory for all seven variables. The factor loading was
quite satisfactory, ranging from 0.739 to 0.902.

Industry Frequency % Annual revenue Frequency %

Hotel/travel/tourism 32 12.7 1-5 million 120 47.8
Computer/IT 29 11.6 5-10 million 55 21.9
Business service 27 10.8 ,1 million 46 18.3
Transportation/
logistics

24 9.6 10-50 million 24 9.6

Engineering 22 8.8 more than 50 million 6 2.4
Finance/banking/
insurance

14 5.6 Respondents’ positions

Real estate/property 14 5.6 CIO/CTO/vice president for IS/senior vice
president for IS

23 9.2

Others 14 5.6 Senior director/director for IS 76 30.3
Retailing/wholesale/
trading

13 5.2 General manager/manager/assistant
director

54 21.5

Oil/gas 10 4.0 Operation and production manager 54 21.5
Consumer durables 9 3.6 E-business manager 13 5.2
Medical/HEALTH
CARE 8 3.2

Project manager
13 5.2

Telecommunication 8 3.2 Other 18 7.2
Textiles/apparel 8 3.2 Using web technologies for SCM
Chemicals 7 2.8 Less than 1 year 76 30.3
Automotive 7 2.8 1 year 85 33.9
Publishing/
information

5 2.0 2 years 48 19.1
3 years 21 8.4
4 years 18 7.2
5 years 1 0.4
More than 5 years 2 0.8

Table II.
Demographic profile
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Confirmatory factor analysis
This study employed confirmatory factor analysis (CFA) in order to measure the effect of
latent variables on the observed variables. CFA also described the measurement properties
such as reliability. Moreover, the CFA helps to assess the individual effect on measurement
items before testing the final structural model (Anderson and Gerbing, 1988; Hulland et al.,
1996). This research also used structural equation model (SEM) to estimate the fit of the
hypothesized model to survey data. This study used different types of goodness-of-fit
indicators to test both the CFA and the final model, because no single statistical test of
significance identifies a correct model from the simple data (Byrne, 2001; Maruyama, 1998).
Table IV shows the different goodness-fit-indicators used in this research.

There were two additional criteria used to measure the CFA. First, standardized
factor loading shows a strong association between factor and items (Gallagher et al.,
2008; Power, 2005; Yeh, 2005) though values greater than 0.50 are sometimes considered

Factor loading Percentage of variance

Perceived usefulness 1.761 8.804
Perceived usefulness 1 0.892
Perceived usefulness 2 0.887
Perceived usefulness 3 0.886
Perceived usefulness 4 0.877

Complexity 8.260 41.300
Complexity 2 0.837
Complexity 4 0.836
Complexity 1 0.825
Complexity 3 0.795

Trialability 1.445 7.227
Trialability 3 0.828
Trialability 2 0.792
Trialability 1 0.769
Trialability 4 0.739

Competitive pressure 1.022 5.111
Competitive pressure 4 0.793
Competitive pressure 2 0.789
Competitive pressure 1 0.769
Competitive pressure 3 0.740

Top management support 3.226 16.130
Top management support 2 0.848
Top management support 1 0.842
Top management support 4 0.807
Top management support 3 0.789

Diffusion of web technologies 3.152 78.811
Diffusion web technologies 3 0.902
Diffusion web technologies 1 0.898
Diffusion web technologies 4 0.883
Diffusion web technologies 2 0.868

Benefits realized from diffusion 3.673 80.922
Benefits from diffusion 1 0.867
Benefits from diffusion 2 0.862
Benefits from diffusion 3 0.850
Benefits from diffusion 4 0.819

Table III.
Results of exploratory

factor analysis
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acceptable (Churchill, 1979). Second, covariance of correlation between two variables is
the estimate of the amount, or correlation between two can influence both variables
(Schmacker and Lomax, 1996). Therefore, critical ratio (CR) needs to be measured. It is
suggested that the CR of the estimate should be greater than 1.96 for the factor loading or
variance that it is estimating (Gallagher et al., 2008; Lopez and Iglesias, 2010; Wang,
2010). Table V shows the results of CFA.

CFA was conducted for each of the seven variables with 28 constructs assigned to
them. The Cronbach a for all the variables was higher than 0.80. Therefore, data can be
considered as highly reliable for this study. Results suggested that only one out of
28 standardized regression weights was less than 0.60. However, all the fit indices of
CFA indicated that all the CFA modes were well fitted with the p-value, GFI, AGFI, and
NFI. All the values of these indices were at an acceptable level for seven CFA models.
Therefore, this CFA analysis is confident to test the final model for this study.

Name Abbreviation Type Acceptable level

Coefficient alpha a Unidimensionality a . 0.07 (Power, 2005; Ho,
2008; Yeh, 2005; Hair et al.,
2006)

Standardized
regression weight

b

x 2 (with associated
degree of freedom
and probability of
significant
difference)

x 2 (df, p) Model fit p . 0.05 (at a equals to 0.05
level) (Norzaidi et al., 2008;
Holmes-Smith, 2002)

Root mean square
residual

RMR Absolute fit RMR ,0.10

Root mean square
error of
approximation

RMSEA RMSEA ,0.10 (Lopez and
Iglesias, 2010; Norzaidi et al.,
2008)

Goodness-of-fit
index and adjusted
goodness-of-fit
index

GFI and AGFI Absolute fit Values close to 0.9 and above
indicate satisfactory fit
(Bigne et al., 2008; Power,
2005; Ho, 2008; Yeh, 2005;
Lopez and Iglesias, 2010;
Wang, 2010)

Normal fit index NFI Incremental fit Values above 0.8 and close to
0.9 indicate acceptable fit
(Bigne et al., 2008; Power,
2005; Ho, 2008; Yeh, 2005;
Lopez and Iglesias, 2010;
Wang, 2010)

Standardized
estimate

Value criteria

Factor loading .0.7 good, .0.5
acceptable (Power, 2005;
Ho, 2008; Yeh, 2005;
Holmes-Smith, 2002;
Gallagher et al., 2008)

Covariance (cr) .1.96 (Lopez and Iglesias,
2010; Wang, 2010;
Gallagher et al., 2008)

Table IV.
Goodness-of-fit indicators
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Hypothesis testing
The conceptual model of this study was examined by using bootstrapping to estimate
parameters, standard errors and t-value (Hwang, 2004). Figure 2 and Table VI show
the results of the hypothesis testing. The conceptual model of this study explained
significant variance in the diffusion of web technologies (R 2 ¼ 0.580). These fitness
indices indicated that data fitted well with the survey data. The overall goodness-of-fit
for the conceptual model was acceptable fit (Table VI). The x 2/df was below 5, with
RMSEA and RMR below 0.1. Moreover, NFI and other fit indices were well above the

x 2 df P GFI AGFI NFI RMSEA RMR CR
Factor
loading a

Perceived
usefulness

3.062 2 0.216 0.994 0.968 0.995 0.046 0.013 0.909

PU1 9.493 0.591
PU2 9.130 0.794
PU3 8.349 0.983
PU4 9.130 0.947

Complexity 3.179 2 0.204 0.994 0.969 0.996 0.049 0.010 0.926
COM1 8.999 0.895
COM2 7.592 0.878
COM3 7.197 0.974
COM4 8.530 0.891

Trialability 6.724 2 0.035 0.987 0.937 0.986 0.097 0.020 0.867
TRI1 7.742 0.760
TRI2 7.187 0.922
TRI3 8.554 0.933
TRI4 9.598 0.819

Competitive
pressure

4.238 2 0.120 0.992 0.958 0.994 0.067 0.016 0.913

CP1 8.949 0.970
CP2 8.381 0.972
CP3 9.506 0.900
CP4 8.398 0.949

Top management
support

2.888 2 0.236 0.994 0.972 0.996 0.042 0.010 0.926

TMS1 8.618 0.799
TMS2 8.949 0.970
TMS3 7.455 0.957
TMS4 8.733 0.944

Diffusion of web
technologies

6.513 2 0.039 0.987 0.933 0.990 0.095 0.021 0.910

DWT1 7.569 0.885
DWT2 7.777 0.953
DWT3 9.040 0.891
DWT4 8.510 0.945

Benefits realized by
diffusion

5.549 2 0.062 0.989 0.943 0.989 0.084 0.018 0.879

Benefits 1 8.438 0.878
Benefits 2 7.145 0.885
Benefits 3 7.362 0.891
Benefits 4 7.569 0.837

Table V.
CFA results for

all variables
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desired level, indicating support for the model. In conclusion, these results suggested
that the main model can be assessed as being adequate.

All the hypotheses were tested based on the path coefficients with significant value.
The model test supports all the hypotheses except H2. Supporting H1, perceived
usefulness had a positive significant effect on the diffusion of web technologies
(b ¼ 0.36, p , 0.000). Similarly, results show that complexity has a significant negative
effect on the dependent variable (b ¼ 20.22, p , 0.000). So H3 is supported by the test.
Supporting H5, top management support has a significant positive effect on the
diffusion of web technologies, with a coefficient value of 0.45 and significant value less
than 0.000. Results related to H4 show that competitive pressure also has a significant
positive effect, with the coefficient value of 0.35 and p-value less than 0.000 on the
diffusion of web technologies. In contrast, inconsistent with H2, trialability had a
positive effect on diffusion, but the significant value was not adequate to consider
the significant effect p . 0.05. Hence, this hypothesis is not supported by the test.
However, results indicated that the diffusion of technologies has a significant effect on
the benefits realized by the diffusion. With very high standardized regression weight
(0.86, sig. 0.000), results indicated that web technologies have a positive effect on the

Figure 2.
Hypothesis testing

Perceived
Usefulness

Complexity

Top
Management

Support

Competitive
Pressure

Trialability

Diffusion of
Web

Technologies
Benefits of
Diffusion

0.36*

–0.22*

0.45*

0.35*

0.05

R2 = 0.752

0.86*

R2 = 0.678

Fit measures Main model

x 2 8.56
Degrees of freedom 7
P 0.29
RMR 0.01
RMSEA 0.03
GFI 0.99
AGFI 0.96
NFI 0.99

Table VI.
Results for conceptual
model
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benefits of web technologies diffusion (Figure 2). Table VII presents a summary of
hypothesis testing.

Discussions and implications
The empirical results of this study reveal that four out of five independent factors are
significant determinants for the diffusion of web technologies in supply chain
management functions, with an R 2 value of 0.58. Consistent with prior findings, top
management support has been identified as the most influential factor for web
technologies’ diffusion (Higgins et al., 1999; Lee et al., 2006; Mosbeh and Soliman, 2008;
Ngai et al., 2004; Seyal et al., 2007; Sharma and Gadenne, 2001; Sohail and Teo, 2003;
Sureshchandar et al., 2001; Thiagarajan and Zairi, 1998). Such a finding is not unexpected,
as without top management support, the implementation of any technological initiatives
can be very cumbersome. This implies that it is imperative for top management of firms to
be knowledgeable and involved in championing the diffusion process, to guarantee the
successful adoption and implementation of SCM functions. This is because with adequate
top management support, a proper alignment of the SCM functions and the organizational
goals, objectives, and needs can be attained.

Consistent with prior studies (Liao et al., 2011; Mpofu and Watkins-Mathys, 2011),
perceived usefulness appears to be the second most influential factor for the diffusion of
web technologies. This is not difficult to comprehend as many Malaysian organizations
perceive the adoption of any new technologies as expensive (Doolin and Troshani, 2007;
Gerrand and Cunningham, 2003; Oh et al., 2003). As such, they would appreciate it if the
technologies provided more functionality than current and traditional technologies. This
seems to make sense as potential adopters need to first understand the technologies and
its benefits, so that risks, inherent in the use of such technologies, can be greatly reduced.
This implies that it is imperative for web technologies to fit with the organizational
system so that the firms can easily realize or compare the potential benefit of the web
technologies, compared to current and traditional technologies. It is also important to
educate firms that web technologies are relatively cheaper and more flexible than any
other technologies. This will greatly reduce the risk if the trial turns out to be a failure.

Competitive pressure has been identified as the third most influential factor affecting
the diffusion of web technologies in SCM functions. This is hardly surprising as
competitive pressure has long been recognized as an important factor, leading to the

No. Hypothesis Results

H1 There is a positive significant effect of perceived usefulness on rate
of diffusion of web technologies in supply chain activities

Accepted

H2 There is a significant positive effect of trialability on the rate
of diffusion of web technologies in supply chain activities

Rejected

H3 There is a significant negative effect of complexity on the rate
of diffusion of web technologies in supply chain activities

Accepted

H4 There is a positive significant effect of competitive pressure on the
rate of diffusion of web technologies in SCM functions

Accepted

H5 There is a significant positive effect of top management support
on the rate diffusion of web technologies in SCM functions

Accepted

H6 There is a positive impact of the diffusion of web technologies
on the benefits of diffusion of web technologies in SCM

Accepted
Table VII.

Summary of hypothesis
testing
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adoption of an innovation (Iacovou et al., 1995; Premkumar and Ramamurthy, 1995; Zhu
and Kraemer, 2005; Zhu et al., 2003). It is expected that firms facing stiff competition will
take necessary measures, including adopting state-of-the-art technologies in their SCM
functions (Gatignon and Robertson, 1989; Teo et al., 2003; To and Ngai, 2006), since SCM
by default is recognized as a competitive tool for any successful organization (Lancioni,
2000). With the current competitive business landscape, it is expected that any firm will
attempt to follow their competitors in adopting the latest practices, including any
technological innovation. This implies the importance of benchmarking other firms
which are known to be leaders in technologies adoption, specifically their SCM activities.
This is of paramount importance if the firms intend to eliminate their competitors’
advantage in a timely manner (Ranganathan et al., 2004).

Most diffusion models have considered that complexity is the key determinant of the
diffusion process (Tornatzky and Klein, 1982). Previous research confirms that an
innovation with substantial complexity reduces the chances of diffusion of technologies.
In this context, all studies found a significant negative relationship between complexity
and the diffusion of technologies (Alam et al., 2007; Bradford and Florin, 2003; Doolin
and Troshani, 2007; Michelino et al., 2008; Mosbeh and Soliman, 2008). It is also expected
that complexity will reduce the diffusion rate of web technologies if it is difficult to
understand, install and learn. The findings imply that web technologies would be
adopted in firms’ supply chain activities if the adoption of such technologies is less
complicated for the adopting firm. This implies that it is of paramount importance for
top executives to realize the radical improvements to their supply chain activities, by
adopting web technologies which requires minimal learning, investment and training.

Rogers (1962) suggested that if the potential adopters have the chance to test or use the
innovation before the final adoption then the chances of adoption for that innovation will
be high (Agarwal and Prasad, 1997; Tan and Teo, 2000). Much prior research considered
it as an important factor for their research model (Chen, 2003; Tan and Teo, 2000;
Troshani and Lymer, 2010). They identified important positive associations of trialability
with the diffusion process, in different technological contexts. However, this research
found a positive not significant relationship between trialablity and the diffusion of web
technologies. The primary reason for trialability being insignificant is that a web service
can be introduced incrementally into an organization, because preliminary experiments
of this standard do not require major IT infrastructure changes (Chen, 2003). Hence, firms
have time to use this technology before its final adoption in their organizations. Hence, the
importance of trialability could reduce the diffusion process. Moreover, a few other
factors, such as a dynamic business environment, faster responses to market needs, and
buyer-supplier relationships, force organizations to adopt technologies without wasting
time. In many cases, organizations need to diffuse technologies based on their partners’
technological standards. In this situation, organizations have no other alternative, and
web technologies can fit with almost all standards across the world. Hence, the
importance of trialability could be reducing for the diffusion of web technologies. Finally,
the Malaysian Government provides many subsidies for technological adoption by firms,
such as E-commerce application (Alam et al., 2007). Hence, this could be another reason
for trialability being insignificant in the diffusion process for web technologies.
Therefore, this research gives a new wave of thinking for the technologies developer, as to
whether they provide a trial session for the adopters or not.
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One of the main concerns for researchers and practitioners, related with diffusion of
technologies, is the benefits resulting from diffusion. Many recent studies try to examine
the benefits of diffusion of technologies (Dong et al., 2010; Lin, 2008; Ranganathan et al.,
2004; Sanders, 2007; Wiengarten et al., 2011). However, this issue is still not clear.
Results of this study showed that there is a significant positive effect of diffusion of
web technologies on organizational performance. It indicates that by diffusing web
technologies, organizations can reduce inventory cost, foster collaboration, reduce
product development time, and make a more accurate demand schedule. These results
are consistent with many recent studies (Ranganathan et al., 2004; Wiengarten et al.,
2011), that identified the same results and concluded that by using e-business
technologies; organizations will be able to improve their performance. Hence, it is worth
to concluding that, by diffusing web technologies, organizations can manage their
activities effectively and efficiently, which leads to greater organizational performance.

Conclusion and contributions
As more and more organizations are diffusing web technologies into their supply chain
functions, it is imperative to empirically examine the factors affecting the diffusion of such
technologies, which has received very little attention to date. As Ranganathan et al. (2004)
opine, there has been little field data available owing to the dominance of analytical
modelling and practitioner case studies, which have served as the main approaches in the
study of SCM. Drawing upon the theoretical perspectives from different diffusion theories,
this study therefore addressed what it intended to investigate. By building on earlier
research, this study enriches our insight into the factors affecting the diffusion of web
technologies in supply chain activities. The major contributions of this study are
highlighted in next section.

This study contributes to the important current issue on web technologies diffusion
by providing empirical evidence on the benefits of web technologies, and important
determinants influencing diffusion of web technologies. It contributes important
real-world knowledge regarding both the diffusion and benefits of the diffusion of web
technologies, as a new area where there have been relatively few studies based on
empirical data. Similarly, this study justifies strongly that web technologies have a
positive effect on organizational performance. Organizations can reduce inventory cost
by sharing information in real-time environment and collaboration can result in accurate
demand schedules, as these technologies are able to reduce product development time.

From the theoretical view, this study shows how the innovation characteristics can
influence the diffusion of web technologies, although one attribute of diffusion was
not significant. Similarly, this study also contributes to practitioners. By identifying
critical success factors for the diffusion of web technologies, practitioners can develop
appropriate strategies for implementing web technologies for their supply chain
successfully. Consequently, practitioners will be aware of their most important role for
making diffusion successful. This provides evidence that the participation of top
management is the most important factor for the successful implementation of web
technologies in the supply chain. Moreover, this study assures practitioners that the
diffusion of web technologies will provide better organizational performance. Therefore, it
is valuable to invest in web technologies for SCM.

Finally, this study provides guidelines for practitioners about the importance of the
competitive environment. It shows that the greater the competitive environment,
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the more responsive the organization should be. Organizations must plan carefully for
the implementation of web technologies in SCM in a competitive environment.

Limitation and future research
While every effort has been made to make this study as comprehensive as possible,
certain limitations do present themselves, which must be addressed in future research.
This study collected data from adopters of web technologies, which could be a potential
area for further research. A good extension of research can be based on different units of
analysis, such as suppliers or distributors. Another important limitation of this study
which leads to a potential area for further research, is cross-validating responses. This
study selected only one respondent from one organization which could create complex
social judgements about organizational attributes, and can also increase random
measurement error. However, due to cost constraints and low response rate, using single
respondent is acceptable in organizational based research. Hence, further research could
fill this gap by collecting multiple respondents from one organization.

The study examines few variables that influence the effective diffusion of web
technologies significantly. There are many other factors yet to be examined for the effective
diffusion of web technologies in SCM. These include cultural factors, organizational
attributes, readiness, and so on. This is another possible area for future research.
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