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Abstract
In general, the adoption and diffusion of Information Systems (IS) in agriculture industry is
a neglected issue in academia, let alone the livestock sector. In livestock industry, Radio
Frequency Identification (RFID) technology is currently used in order to ensure meat

safety. Generally, the livestock supply chain involves a large number of people and
organisations/farms. To ensure a successful animal-tracing system, the examination of the
adoption behaviour of those stakeholders is worthwhile. So far, no initiative has been made

by the researchers to investigate the adoption process and relevant factors in a livestock
setting. This research aims to close this research-gap. Furthermore, the ultimate success of

an innovation is dependent not just on the adoption but on its continued and extended use.

Scholars have been investigating on adoption and continuance behaviour of an innovation

but not in an integrated fashion. This current research has studied both the adoption and

continued and extended usage behaviour of Australian livestock industry regarding RFID

technology in a single framework. Moreover, the extension decision of an innovation is a

continuous and complex process. It is not easy for farms to identify a correct extension

application from many possibilities. As has not been done yet a Decision Support System
(DSS), which is based on Analytical Hierarchy Process (AHP), is developed in this research
aiming to aid farms to choose the best extension-project.

It is assumed that the adoption factors in a mandatory environment would be different
than that of in a voluntary environment. In literature, it is very rare to find a comparative
study of the adoption factors of a single innovation in both voluntary and mandatory
environments. This research studied the both environments.

This research adopted the ‘mixed method’ methodology. Face-to-face direct interview with
semi-structured questionnaire has been used for the collection of qualitative data. Data

obtained from the field study have been analysed using NVivo software package. On the

other hand, Partial Least Square (PLS)-based Structural Equation Modelling (SEM)
technique has been used for analysing the quantitative data obtained from a national
survey on the variables identified earlier from the qualitative method.

The findings of this research confirmed that environmental factors, organisational factors,

and technological factors influence the adoption of RFID technology in livestock industry.

iv

The continued use and extended use of RFID systems are dependent on satisfaction

obtained from using the current system. Moreover, confirmation bridges the adoption and

continuance; this is the stage which influences the further-use of an innovation after being
adopted.

This current research has both theoretical and practical implications. Investigating the
adoption factors along with continued and extended use factors in a single framework is a

unique initiative by far in literature. This research strengthens the adoption-diffusion
research of IS by getting insights from the livestock sector. Using the factors and variables,

obtained from the research to develop a practical decision making process (i.e., the DSS) is
innovative. As practical implications, governments and other organisations that have the

power to make an industry to adopt an innovation should consider the findings of this
study for efficient policy development and implementation. Similarly, the innovation-

vendors/manufacturers may look at the derived factors for a successful acceptance of an

innovation. Finally, the DSS does have the merit to be made more extensive and used at
farm level in order to assist the farm decision-makers to choose their extension projects.
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CHAPTER 1
INTRODUCTION
1.1 OVERVIEW
Since last decades, individuals and organisations are becoming keener to use Information

Technologies (IT) and Information Systems (IS) in every possible applications.
Organisations, in particular, increasingly are deploying IS to keep moving with current
business needs and trends. Therefore, studying contemporary IS tools and techniques and
applying them into suitable applications is a must in this current ‘digital age’. However,

because of various issues, the adoption of IS/IT applications is not always very straightforward. Rather, it involves complex processes including research, analyses, evaluation,
optimisation, and implementation. Especially, the adoption of an innovation lead by

government, but entertained by organisations, involves more stages and factors than the
factors that are considered in an organisational or individual adoption-process. This
research examines the organisational adoption of an innovation which is introduced and
administered by a government.

Rogers and Shoemakers (1971, p. 154) define adoption of innovation in general as “the
relative speed with which an innovation is adopted by members of a social system”. More

specifically, Agarwal et al. (1997, p. 347) define the organisational adoption of IS as the

“first successful system using a new information processing technology”. The key concept

of diffusion of innovation can be described as “the process in which an innovation is
communicated through certain channels, over time, among the members of a social

system” (Rogers 1995, p. 5). Similarly, Umanath and Campbell (1994) defined the diffusion

of information technology as “a collective process involving introduction, assimilation, and
permeation of information systems technology throughout an organisation” (Umanath and
Campbell 1994). It is important to note here that diffusion refers to the introduction or

adoption of new technology and its sequential dispersion within an organisation (Dasgupta

1997). Consequently, many researchers have examined the diffusion issues from

organisational perspective (Hage and Aiken 1967; Kwon and Zmud 1987; Grover and
Goslar 1992; Dasgupta 1997) for a variety of innovations in the field of IT, IS, e-commerce,
and e-business.
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Most business, now-a-days, involve a supply chain and must respect the supply chain
stakeholders and the associated environment. Historically, particularly in the supply chain
context the adoption of a process, technique, or a technology (as a generic term
“innovation”) in an organisational setting follow mainly two processes; free-will or

voluntary choice and non-voluntary or coercive pressure from the surrounding

environment (Moore and Benbasat 1991; Iacovou, Benbasat et al. 1995; Jeyaraj, Rottman et
al. 2006; Quaddus and Hofmeyer 2007). The coercion can be exercised by a government

(Hossain and Quaddus 2011a), resource-dominant partner(s) in the supply chain (Hart and

Saunders 1997; Premkumar 2000), important member(s) in the supply chain (Kuan and

Chau 2001), and important market(s) (Premkumar and Roberts 1999; Looi 2005).

Moreover, the competitive pressure or the challenge to create and/or maintain a

competitive advantage (Thong and Yap 1995; Looi 2005; Premkumar and Roberts 1999) is

also becoming important factors in current ‘global’ market.

Among many technological innovations Radio Frequency Identification (RFID) is becoming

an ‘unavoidable’ and ‘uncompromising’ technology; in response to current business needs
many industries and organisations have adopted RFID technology. However, Schmitt and

Michahelles (2009) stated that in contrast to the overwhelming number of trade
publications, magazine articles, and white papers on RFID there is a poor number of

conceptual and empirical research contributions of RFID in the body of technology

diffusion literature. Some researchers examined RFID adoption, and continuance intention
of RFID technology. However, studies that dealt with adoption behaviour did not deal with

the continuance process; and vice-versa. This dichotomous approach can be criticised not
for drawing the complete picture but concentrating on a single issue considering as
discrete events; though adoption and continuance are not isolated stages at all. Tornatzky

and Fleischer (1990) suggested that the adoption proceeds through a number of stages to
permit the ‘complete’ exploitation of the innovation for organisation’s business value.

However, Tornatzky and Fleischer did not explain the processes and the stages though

they recognise the dearth of ‘complete’ adoption-research. Addressing this research gap,

this study therefore differs from previous research by moving beyond adoption to
empirically test the ‘complete’ process of RFID adoption and diffusion, which can be called

as the ‘scope of RFID use’; a term used by Gibbs and Kraemer (Gibbs and Kraemer 2004) in

e-commerce. The scope of RFID use refers to the extent to which a firm uses RFID

applications for various functional activities, either for closed-loop operational or
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managerial facilities or to add value along the supply chain. The rationale for studying the
scope of RFID use in this research are: mere adoption does not ensure the success of an

innovation but its continued and extended usage do; firms cannot realise the potential of

RFID and cannot justify the economic value until RFID is applied in every possible

applications; the empirical studies can motivate and provide guidelines for others; and

getting the complete picture from a single study consisting adoption and extension is

invaluable in adoption body-of-knowledge and practice.

RFID adoption factors are different for adopters and non-adopters (Wang et al. 2010),

early adopters and later adopters (Roh et al. 2009), mandatory and voluntary adopters

(Wen et al. 2009), and individual adopters (Müller-Seitz, Dautzenberg et al. 2009) and

organisational adopters (Hossain and Quaddus 2011a). This study examines the adopters

and non-adopters, and mandatory and voluntary adopters from an organisational

perspective, while studying the factors from early adopters and later adopters as well as
individuals are beyond the scope of this research.

1.2 BACKGROUND OF THE RESEARCH AREA
Radio Frequency Identification (RFID) technology has been invented during the World War

II to detect the hostile and friendly warplanes, most popularly known as ‘friend and foe’

(Finkenzeller 1999). Since its development RFID technology has been used for varying
applications ranging from supply chain visibility to electronic passport (Landt 2005). RFID

is considered as one of the most effective enabling technologies which identifies an object
automatically and uniquely, and keep desired data which can later be retrieved as

information. Because of its enormous capabilities, RFID has drawn the attention of the
innovation architects and experts in recent years. Increasingly, RFID is valued as a tool to
track the movement of items (Hugos 2011) and trace back the previous movements of the

items throughout a supply chain, not just within a facility. In 1990s, the US Department of
Defense (DoD) announced that RFID technology held the potential to revolutionise ‘intransit-visibility’ of objects and the ‘total asset visibility’ in supply chain (Kolleda 2005).

Realising the enormous potential of RFID technology in retail and supply chain

management, since 2004, the supermarket giants in the world vowed their commitment

and announced their adoption plan of RFID systems; namely Wal-Mart in USA, Marks and

Spencer and Tesco in the UK, Tesco in Germany, Coles Myer in Australia, and Mitsuloshi in
Japan (Roussos 2006). Industry leaders forecast that RFID technology will supersede the
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barcode technology. Similarly, to respect the right of the consumers to know the origin of
the product and also to reduce the impact of disease outbreaks, major livestock markets

and livestock producing countries employed RFID technology. Therefore, livestock

producers and exporters have been using RFID technology to identify animals for last
couple of years replacing visual ear tags or tail tags.

The adoption of barcode, as a means of identifying objects, was a voluntary choice. Matta

and Moberg (2006) stated that the retail sector recognised a need for automatic data

collection to achieve productivity through quick identification and errorless operation

which consequently made the grocery stores to first adopt the barcode technology. The

initial adoption was followed by retail companies and warehouses in order to reduce their
processing time (Dadzie and Johnston 1991). Thus, the adoption of barcode technology

was predominantly voluntary. However, adoption of RFID in retail or warehouse is not

completely voluntary by any means, rather is a mandatory practice. Similar to barcode the

identification of animal by visual tags is largely user-driven and free-willed. Animal
identification trough visual tags or tail tags were adopted when the farmers recognised a

dire need for animal identification method to increase the productivity in animal
management and accepted the visual tags (with an imprinted number). However, the

adoption of RFID in animal identification is more mandated than recognised as a voluntary

initiative. Therefore, the acceptance behaviour of RFID technology is perceived to be
different than the voluntary adoption of visual tags (for animal identification) or barcode
technology (to identify products).

1.3 PROBLEM STATEMENT

The revolution of RFID has not started before it was mandated by several dominant

industry key-players. In November 2003 Wal-Mart Stores Inc. mandated its top hundred

suppliers to attach RFID tags at case/palette level by January 1, 2005 (Bansal 2003; Roberti

2003; Jones, Wyld et al. 2005) while the remaining over 6,000 suppliers should follow

within one year (Wu, Nystrom et al. 2006). Also, the Department of Defence (DoD) that

maintain the position of world’s largest cargo tracking system across 2,000 sites in 46
countries (Whitaker, Mithas et al. 2007) mandated its more than 43,000 suppliers
consisting 24,000 providers (Bacheldor 2003) to attach RFID tags (Jones, Wyld et al. 2005)

on the cases and pallets by January 2005. Around the same time Tesco issued guidelines
for its selected suppliers to be RFID enabled at the case level by September 2004 (Poirier

4

and McCollum 2006). Similarly, Metro AG, a German retailer, put pressure to its 100

suppliers to be RFID-enabled at the pallet and packaging levels by November 2004 (Poirier

and McCollum 2006). In addition, Target wanted its top suppliers to implement RFID tags
at pallet and case level by spring 2007. Albertsons, one of the world’s largest food and drug
retailers with an annual revenue of approximately $36 billion operating in more than 2,300

stores in USA announced the launch of its RFID program in March 2004 and expects its top
hundred suppliers to be participating by April 2005 (Garry 2004; Poirier and McCollum
2006). Although there are no mandates currently, the Healthcare Distribution Management

Association has recommended that all suppliers use RFID tags on products by 2005 and

the U.S. Food and Drug Administration (FDA) has extended a similar recommendation that
would include hospitals and pharmacies by 2007 (Jackson 2004). In 2004-05, China started

a project to complete issuing 900 million RFID-based identity cards to its citizens; the
largest application of RFID so far. In 2005 the Australian government mandated its farmers
that each cattle need to be RFID-tagged.

Though RFID has been invented in 1940s, its industrial application was not significant
before the mandates imposed by Wal-Mart, USA Department of Defense, Target, and Tasco

to their suppliers (Jones, Wyld et al. 2005). The enormous purchasing and business power
of Wal-Mart to its suppliers from all over the world has been treated as one of the driving
forces for RFID adoption (Wu, Nystrom et al. 2006). Nonetheless, the initiative of DoD is

considered as stronger and more effective than Wal-Mart’s mandate, for RFID adoption
(Bacheldor 2003). The subsequent pressure from these actors encouraged many

technology-vendors to pay effort in developing RFID components for commercial purposes

(Liard 2003). Eventually this pressure was intensified with supermarket giants Tesco, and

Metro AG, and international markets like Japan and European Union. Concurrently, the

demand from consumers for more precise methods of traceability in the meat and food

supply chain has grown in recent years due to the increased awareness of food safety and
greater concern about control within the food supply (Kelepouris, Pramatari et al. 2007). A

significant numbers of ‘mad cow’ disease outbreaks around the globe as well as the recent

food safety concern in Japan, Europe, and Korea increased the necessity of a lifetime

traceable information system of animals which would trace back the source animal during
a disease outbreak. RFID has enormous capabilities in identifying animals uniquely and

tracking and tracing-back animal history when needed. Hence countries including Canada,
Australia, and Uruguay made RFID mandatory for livestock identification, while other
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countries either have begun trials of the technology (such as the United States of America)

or left the adoption decision been taken by individual farms or states (Trevarthen 2007b).

In general, the major meat-importing countries in the world have either already made or

going to make RFID-based animal identification as a prime requirement for farms (Baker
2005).

The adoption of RFID in many countries is a special type of adoption as the governments

and/or giant industry leaders imposed the mandatory requirement of using this
technology for asset identification. Extensive body of knowledge has been developed in

voluntary adoption of innovations. However, the established relationships of those studies

and models have not been tested in a mandatory environment to see whether those models

are applicable in both voluntary as well as mandatory settings. A voluntary use

environment is one in which the users perceive the technology adoption or use-decision to

be a wilful choice; a mandated environment is where users use of the technology is
compulsory. Generally, literature is scarce in exploring the adopter’s behaviour in a

mandatory setting, except a few including Venkatesh and Davis (2008), Barratt and Choi

(2007), Rawstorne, Jayasuriya et al. (2000), Adamson and Shine (2003), Mather, Caputi et

al. (2002), and Brown et al. (2002). This is glaringly true for RFID studies because, as

stated at the beginning of this section, the mandatory pressure is the single most important
driving factor to increase the total uptake of RFID but did not catch much attention by the
researchers. Wen et al. (2009) stated that as the adoption of RFID technology is moving

from mandatory to voluntary, firms are looking for tools, frameworks, and methodologies

to enable them to evaluate the real impact of RFID technology on their business processes

(Linda and Samuel 2007), which underscores the necessity of studying the adoption of

RFID under the light of mandatory pressure as well as a voluntary choice. Literature is very

rare to find a comparative study of the adoption factors of a single innovation in both

voluntary and mandatory environments. Therefore, one of the major objectives of this
study is to examine both voluntary and mandatory adoption behaviour of organisations
toward RFID technology.

A body of research has been conducted on exploring the innovative applications of

RFID technology detailing the technical challenges. As mentioned by Schmitt and

Michahelles (2009), the overall research on the adoption drivers and the adoptiondiffusion process is still limited. Moreover, the influencing factors that lead various

industries and organisations to adopt RFID is not prominent (Prater, Frazier et al. 2005).
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To some extent researchers have studied the individual adopters’ characteristics and their
perceptions on RFID adoption-diffusion and continuance process (Müller-Seitz,

Dautzenberg et al. 2009, for example). However, it is glaringly observed that the extent of

RFID research, especially on behavioural context, on organisational setting is still limited.
In the field of general innovation adoption it has been an interest of the researchers to

explore the external factors that are important for the innovation adoption and how

organisations respond to those external agents (Meyer and Rowan 1977; DiMaggio and
Powell 1983). Applying the institutional theory many researchers have examined such

external effects on organisations (Meyer and Rowan 1977; Haunschild 1993; Teo, Wei et al.

2003), which is yet to be done in RFID research. This study, therefore, emphasises on
environmental effects on organisations and organisational response, in turn. Moreover,

this study examines the organisational nature and characteristics on RFID continuance and
extension processes.

Most of the studies investigating the adoption of a technological innovation were

investigated by academics who selected various fields without employing that much

attention in agricultural sector. In other words, how a technological innovation is accepted
or rejected by the farmers, what factors they look at for their judgement and eventual

decision is not studied in a large scale. In the same way, the researchers, interested in
agriculture, are predominantly economists (Adesina and Baidu-Forson 1995) and

therefore the perceptions of the farmers are fed into economic models to determine the
adoption variables (Gershon, Just et al. 1985; Shakya and Flinn 1985; Strauss, Barbosa et al.

1991; Adesina and Baidu-Forson 1995). The empirical study considering farmers’

perception toward an innovation through a survey is rarely found which proves that the

researchers “did not have access direct observations on farmers’ perceptions” (Adesina

and Baidu-Forson 1995, p. 1). Therefore, a prime objective of this research is to determine
the perceptions of the farmers toward RFID technology and to determine the effect of these
perceptions on their adoption and extension behaviour, by a first-hand survey data.

An investigation of previous literature in the Information Systems (IS) area

illustrates that researchers have not yet undertaken research on livestock sector, a subsector of agriculture, in the area of RFID adoption-diffusion and its further usage (i.e.,

continuance and extended usage). Instead, most of the research associated with RFID
adoption has mainly focused on the technical and business aspects of RFID in logistics and
supply chain. This paper thus addresses and attempts to close this research gap.
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Bhattacherjee (2001a, b) stated that in a voluntary setting the continuance

intention is the “willingness” of the users. Lack of such ‘will’ does not interrupt the
adoption and usage in mandatory environments (Sørebø and Eikebrokk 2008). The
consequences of lack of ‘will’ are thus different in mandatory and voluntary environments.

In a mandatory environment as the users have no choice but to use and continue

RFID use “why should we care about study the factors of mandatory adoption then?.”

Focusing on the adoption and continuance of IS in a mandatory environment may thus

seems as “superfluous” (Sørebø and Eikebrokk 2008), which is not necessarily true.

Hartwick and Barki (1994) refuted the assumption that in a mandatory environment there
will be little variance among the adopters in innovation usage. In fact the adopter choose a

different level of adoption; some just adopt and use for the mandate purpose while others

try to use it as much as possible. Thus, the degree of usage can be variable in a mandatory
environment (Brown, Massey et al. 2002).

When the use is mandatory the user only can accept it, either reluctantly or whole-

heatedly. If the user does not accept the innovation whole-heartedly he/she would suffer

from job-dissatisfaction and un-loyalty and could delay or obstruct the implementation,

and resent, underutilised or sabotage the innovation (Kimberly and Evanisko 1981;

Leonard-Barton 1988; Brown, Massey et al. 2002). Similar interpretation is true for

organisational adoption too. When government tries to make organisations to adopt an
innovation and if the organisations are not convinced to use the innovation, they may label

the benefits of the innovation as “hype” and try to convince other organisations against its
use. To be convinced with continued RFID use, the adopters’ satisfaction is essential (Yen
and Lu, 2008; Oliver, 1980a, b; Anderson and Sullivan, 1993). Researchers argue that in a

mandatory environment the traditional notion of ‘use’ or ‘adoption’ or ‘intention to adopt’

are not the appropriate dependent variable (DeLone and McLean 1992; Rawstorne,
Jayasuriya et al. 2000; Brown, Massey et al. 2002; Sørebø and Eikebrokk 2008) because the

adopters need to accept the innovation without any alternative (assuming that the
individual will not quit or the firm will not close-down the business). However, the

satisfaction derived from using the mandatory innovation can be significantly important.
DeLone and McLean (1992) demonstrated that “user satisfaction is probably the most

widely used single measure of IS success” (p. 69). Similar interpretation can be made in
organisational level innovation adoption. For example, the success of EDI completely

depends on the organisational satisfaction; one dissatisfied firm can deter the whole
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expensive system. Therefore, not measuring the ‘use’ or ‘adoption’ but the ‘satisfaction’ for
the success of the IS is the main concern in a mandatory environment. In line with other
mandatory-adoption researches, this study too considers that the adopters’ evaluation
toward an innovation should be the appropriate dependent variable in a mandatory

setting. In IS literature such evaluation has typically recognised as the ‘user satisfaction’
which is ‘organisational satisfaction’ in an organisational context. This study thus examines
the ‘satisfaction’ of livestock farms using RFID technology.

In order to keep down the deployment cost and meet the compliance mandated by

the business stakeholders many organisations as well as farmers have adopted the “slap

and ship” approach to RFID technology (Vijayaraman and Osyk 2006). With such an

approach firms apply RFID tags at the last step in the fulfilment process and thus limits the
ability of a business to explore the technology through its supply chain process and realise
a positive Return on Investment (ROI) (Vijayaraman, Osyk et al. 2008; White, Johnson et al.

2008). Literature argues that the ultimate success of an innovation cannot be achieved

until it is used in a continued fashion (Bhattacherjee 2001a), and possibly extend the
applications (Hossain and Quaddus 2011a). Bhattacherjee (2001a) argued that though the

initial adoption of an innovation is important for realising its success, the long-term
viability and its ultimate success depends on its continued use. Literature found that
organisations adopting “slap and ship” approach did not enjoy the same benefits as those
that integrated RFID into their organisation’s internal management systems (White,

Johnson et al. 2008). To reach to the full potential, RFID needs to be, therefore, diffused

into the farming practices as regular operations. Most studies on RFID adoption (Sharma

and Citurs 2005; Ranganathan and Jha 2005 ; Matta and Moberg 2006; Cheng and Yang

2007; Huyskens and Loebbecke 2007; Lee and Shim 2007; Matta and Moberg 2007;

Schmitt, Thiesse et al. 2007; Chang, Hung et al. 2008; Krasnova, Weser et al. 2008; Schmitt,

Michaelles et al. 2008) and consumer acceptance of RFID (Hossain and Prybutok 2008;

Müller-Seitz, Dautzenberg et al. 2009) have dealt with various factors, particularly in

supply chain and logistics management, but none of those studies went beyond the
adoption; the ‘continuance intention’ of RFID. However, especially for a mandatory

adoption, the examination of the post-adoption stage(s) is very important. Alternatively,

the studies dealing with the ‘continuance intention’ concentrate on the post-adoption
factors, ignoring the adoption factors and processes as done by Chen et al. (2008) who

proposed a system architecture and a conceptual model for RFID continuance intention in
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the emergency room of the hospitals. Another objective of this research, thus, is to

integrate the adoption process of RFID with its continuance and extension processes. This

study, therefore, intends to examine the “complete” process of RFID adoption-diffusion:

from pre-adoption to its post-adoption, taking the Australian livestock industry as the case
subject.

The current study identifies and therefore does study two groups of RFID adopters:

organisations that are mandated to implement RFID and others that are not mandated but
concerned about RFID and has not adopted RFID yet. The reason for this classification is

because of the distinctive positions of these groups. The position, perceptions, rationales,
evaluations, and decisions are different in these two groups.

Moreover, this study develops a decision support system (DSS). Legally, Australian
livestock farms do not need to apply tags as long as they do not leave the property of

origin. Therefore, some of the farmers put tags just before the animal leaves the property; a

process named as “slap and ship”. However, if the tag were applied at the beginning, the
farms could achieve more farm-management benefits from RFID. Among the possible
applications of RFID in farm management including automatic weighing, automatic

drafting, and automatic feeding, to choose the best combination of applications is a
challenge. This study, therefore, develops a DSS which will identify the optimised
combination of livestock applications that can be automated by RFID technology, to
achieve a sustainable farming in Australia. Moreover, the DSS intends to suggest an array of
applications depending on the importance, profitability, and operational benefits.

1.4 RESEARCH QUESTION AND OBJECTIVES

Based on the discussion in Section 1.3, this study analyses a number of theoretical concepts

to empirically explore the factors for RFID adoption-diffusion in the context of Australian
livestock industry. This research, therefore, attempts to investigate the following research
questions (RQs):
RQ1

: What are the antecedent factors of RFID adoption, continuance, extended and

expanded use in Australian livestock industry? And how these stages relate
each other?
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RQ2

: What significant and important factors are to be investigated and taken into

consideration in developing a (prototype) decision support system (DSS) for a
sustainable livestock business?

Based on the two research-questions, the following research objectives (ROs) are
developed:

RO1 : To identify the antecedent factors of voluntary RFID-adoption in Australian
livestock industry.

RO2 : To identify the antecedent factors of mandatory RFID-adoption in Australian
livestock industry.

RO3 : To investigate the antecedents of RFID continuance, and extended and expanded
usage in livestock industry.

RO4 : To develop a complete process of adoption diffusion by integrating the factors form
RO2 and RO3.

RO5 : To develop a prototype DSS, based on the findings from the livestock industry (RO1,
RO2, RO3, RO4) which would be used to develop planning for a sustainable livestock
business.

1.5 FOCUS AND SCOPE OF THE RESEARCH
As mentioned earlier the focus of this research is to examine the adoption, continuance,
and extension of RFID technology from organisational perspective. This research considers

both mandatory as well as voluntary processes. Livestock industry has been considered as
the area of concern and Australian livestock industry has been selected as the subject case

of this study. Therefore, this study does not consider the individual-level factors.

Correspondingly, the factors have been considered and contextualised in the livestock
business which may not be applicable in other sectors. Finally, the DSS is operationalised in
the agency level for national (or regional) policy making, not at farm level decision making.

1.6 DEFINITION OF TERMS

The following are the operational definitions of terms used throughout this study:

Livestock: “All ruminants (cattle, sheep, goats, deer, bison, buffalo), equines (horses,

ponies, mules, donkeys), camelids (alpaca, llama, vicuna, camels) and pigs (including mini
or miniature pigs)” (DAFWA 2008).
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Livestock farm: The unit of the farming activities where the reference person, and/or

their spouse or partner reported that their main occupation is livestock-farming. Also the
broad-acre farms that possess livestock (include sheep, cattle) along with produce crops

are also considered as the livestock farms (Unknown 2008).

RFID adoption: The decision to implement and the implementation of RFID technology for

animal identification (RFID adoption=decision + implementation); the first time real-use of

RFID. Merely conceiving the decision of RFID implementation is not considered as enough
to be considered as RFID adoption.

RFID diffusion: Using RFID technology for livestock applications rather than
‘identification-only’. It is the process (gaining knowledge, selecting providers and tools etc)

and management practices (institutionalization, support, positive attitude etc.) through
which RFID is communicated through livestock farms, over the time (Rogers 1995).

Extended use: It is the vertical extension of RFID use. Along with keeping identification

information it is the voluntary activity of keeping other information such as vaccination

history; the voluntary association of livestock information into the current identification
system.

Expanded Use: It is the horizontal extension of RFID use and utilising the maximum scope

of the technology. It is the voluntary activity of using RFID technology for other livestock

management applications such as automatic drafting or automatic feeding rather than
identifying animals.

Decision support System (DSS): A computer-based information system that provides

information on supporting and improving decision-making by analysing useful information

from raw data, documents, personal knowledge, and/or business models (Klein and

Methlie 1995).

1.7 SIGNIFICANCE OF THE RESEARCH
This research is expected to contribute towards theory, practice and policy.

Theoretical contributions: The theoretical contribution of this research is that it explores

and integrates the adoption-diffusion and extension factors of a technological innovation
considering in mandatory as well as in voluntary environments. It is conceptually agreed

that RFID adoption is fairly similar to an innovation adoption. This research explores the

factors for RFID adoption in a new setting; in the livestock industry, which is unexplored in
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literature. Additionally, this research enriches organisational-level adoption theories.

Moreover, the theoretical integration of the adoption, continuance and extension factors is
the main theoretical contribution of this paper. This study presents a broader picture, if
not the complete one, to the researchers and educators.

Practical contributions: Considering the slow adoption of RFID technology in voluntary
setting, the policy-makers and relevant government-agencies may consider the findings of

this study to inspire a steady growth of adoption. Some of the important indicators for
sustainable adoption process in livestock sector to be explored in this study, can be used

by the relevant agencies. The RFID manufacturers, vendors, and marketers can obtain a
guideline to emphasise on some crucial factors which need to be addressed in an

organisational-adoption process. Similarly, this study presents the process of and
associated factors for the extension of RFID technology in livestock sector which can be
evaluated and used by the government agencies and RFID providers. Finally, the DSS which

is developed in this research is a unique tool which assists the government agencies to
indentify significant projects to achieve a sustainable development of RFID in the livestock
industry.

1.8 ORGANISATION OF THE THESIS
This thesis is organised and presented in 10 chapters. The chapters are intimately related

and complimentary to each other. Figure 1.1 illustrates the organisation of this dissertation
according to the chapters. The brief outline about the chapters is as follows:
Chapter 1

Introduction

In this current chapter, a discussion has been provided which finds the

importance of the research and the gap in existing literature. The discussion is

to determine the focus and locus of the research that leads to present the
research questions. The research objectives elaborate the research questions to
concentrate on the very specific areas. This chapter also presents the overall
Chapter 2

organisation of the current thesis.

RFID and Livestock Industry

Chapter 2 discusses the basics of RFID technology, its applications and

importance in the livestock industry. This chapter also includes the rationale to
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study Australian livestock industry as the case subject presenting some
Chapter 3

statistical information regarding Australian livestock industry.
Literature Review and Conceptual Model

Chapter 3 presents an extensive literature review focusing on the adoptiondiffusion processes and the associated factors, mostly dealing with information
system (IS) adoption. The review also includes the continuance behaviour of

organisations, mostly, toward using an IS. Also, this chapter incorporates the

literature review regarding the extension of agricultural innovations. Finally,
based on the literature review two initial research models have been developed:
one for the non-adopters and another for the adopters of RFID technology at
Chapter 4

farming.

Research Methodology

Chapter 4 presents the methodological underpinning of this research. This

chapter primarily focuses upon determining the appropriate research approach
employed to undertake this research and the discussion about the methodology

adapted for this research. The rationality and the justification of the adapted
method have been discussed in this chapter. This chapter also describes the

development process, the instruments and indicators employed for data
collection. Moreover the underlying principle of data analysis has also been
Chapter 5

provided in this chapter.

Field Study and the Comprehensive Research Model

Chapter 5 presents the process and outcome of a qualitative field study. The

field study was conducted through a semi-structured interview questions,

interviewing eight (8) livestock farms from Western Australia. A content

analysis using NVivo8 software was used to analyse the findings of the study.
Upon the findings from the analyses of the qualitative data, the initial research

model was modified. The antecedent factors were contextualised to present the
comprehensive research model.
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Chapter 6

Hypotheses and Questionnaire Development
Chapter 6 develops the hypotheses of the proposed research models (in Chapter

5). This chapter also provides the detail of the questionnaire used for the
Chapter 7

research survey.

Survey and Quantitative Data Analysis

Chapter 7 presents the findings obtained from analysing the data of the survey
that was conducted to examine the research models of current study. The Partial

Least Square (PLS)-based Structural Equation Modelling technique was used to

analyse the survey data and find the findings. Confirmation of the research
Chapter 8

hypotheses is provided based on the results of the analysis.
DSS Development

This chapter develops a prototype Decision Support System (DSS). As input the

DSS considers the survey data as well as some processed-data from the data
analysis (obtained from Chapter 6). Analytic Hierarchy Process (AHP) has been
Chapter 9

considered as the modelling fundamental of this DSS.
Results and Discussions

The results from data analysis of the survey have been discussed in this chapter.

The implications of the research findings have also been discussed. More
specifically, this chapter provides discussion of the research findings, based on
theoretical and practical perspectives.

Chapter 10

Conclusion and Future Research Direction

The final chapter presents the summary of the research and its significant

contribution to theory and practice. This chapter acknowledges the limitations
of the current research and hence proposes the recommendations for future
research outlining the possible directions.
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Figure 1.1: Structure of the thesis
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1.9 SUMMARY
This chapter provided the background of the current research and established the scope of

this research monograph. This chapter provided an overview of the existing literature gap

and outlined how the gap has been addressed by this research. It discussed the existing

research in the area of IS and RFID adoption diffusion in organisations, and went to define
the research aims and objectives that this research later addresses. Finally, this chapter

presented a brief outline of the organisation of this research-dissertation.

C
C
C
C
C
C
C
C
C
C
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CHAPTER 2
RFID AND LIVESTOCK INDUSTRY 1

RFID is technically sound, is for my best interest, and it should be a priority

(Prendergast 2003)

2.1 INTRODUCTION
This chapter discusses the basics of Radio Frequency (RFID) technology and how it
contributes to the livestock industry. It is observed that farmers and technology-architects

have been exploring innovative applications of RFID technology in livestock and

agriculture sector. This chapter also introduces a brief discussion about Australian

livestock industry in the context of its livestock identification system. The significant
contribution of Australian livestock industry to its national economy establishes the
rationale of this research.

2.2 RFID TECHNOLOGY
Radio Frequency Identification (RFID) is a generic term which implies a combined

architecture of RFID hardware and Information System (IS). RFID is defined as “… a system

that transmits the identity (in terms of a unique serial number) of an object or person
wirelessly” (RFID-Journal 2005) without manual interventions but using radio waves
(Bacheldor 2003). It is an automatic identification and wireless tracking technology that

allows a reader to communicate with a transponder on a radio frequency tag attached to,

or embedded in, an item, allowing the reader to read and/or write data to the RFID tag
1 Parts of this chapter have been published partly in the following publications:

a.

Hossain, M.A. and Quaddus, M. (2010a). “An Adoption Diffusion Model of RFID-based
Livestock Management System in Australia” in Human Benefit Through the Diffusion of
Information Systems Design Research, Pries-deHeje, J., Venable, J., Bunker, D., Russo,
N., and DeGross, J. (eds.). Volume 318, pp. 179-191, Springer: Boston.

b. Hossain, M.A. and Quaddus, M. (2010b). "Impact of External Environmental Factors on
RFID Adoption in Australian Livestock Industry: An Exploratory Study" in Proceedings
of 14th Pacific Asia Conference on Information Systems (PACIS) 2010. Paper 171.

c.

Hossain, M.A. and Quaddus, M. (2011a). “The Adoption and Continued Usage Intention
of RFID: An Integrated Framework”, Information Technology and People, Special issue
on the Design of Information Systems for Human Benefit. Vol 24, No. 3, pp. 236-256.
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without a physical contact between the reader and the tag. RFID is one of the most effective

technologies which identifies an object automatically and uniquely using electromagnetic
radio waves, and can store enormous amount of data for many years which can later be
retrieved as information as required.

RFID “is by no means new” (Schmitt and Michahelles 2009). The first trace of RFID
technology is found to use the technology during World War II. However, the commercial

exploitation and mass-application of RFID started not later than 1960s with the
development of Electronic Article Security (EAS) systems (Landt 2005). With the quick

progression of miniature electronic devices, mostly Integrated Circuit (IC), the mass-use of

RFID technology in commercial sector was explored and exploited. Therefore, the cost of

the RFID tags reduced significantly which actually drove the innovation-architects to use
this technology in commercial sector which ultimately inspired the relevant authorities to
develop standards for RFID components and application. As a combination of technology
improvement (e.g., miniaturisation, weather-proof), price reduction, and development of

standards are therefore considered as the main grounds for the recent “enormous” interest
in commercial applications (Byfield 1996; Want 2004; Schmitt and Michahelles 2009). For

the history and underlying concepts of RFID, see Landt (2005) and Domdouzis et al.
(2007).

It is worthwhile to mention here that “automatically” means that nobody needs to look at

the object’s identity and input the data manually into a system which is done automatically

by an RFID system; only when the tag comes in a readable distance of a reader. It is not the

case that the reader can read the RFID tag from nowhere. In fact, the read-range depends
on the size of the tag and the frequency used. Therefore, for object identification, the readrange of the reader is made limited by maintaining low operating frequency and smaller

tag so that the tags are not read from far away to avoid unintentional read. For example,

134.2 KHz (Unknown 2010) has been adopted for animal identification and 13.56 MHz for

electronic passports (e-Passport) (Hossain 2009). Low frequency requires the tags to come

to the ‘read-range’ of the reader which is usually a few inches.

An RFID system consists of tags (transponders), readers (transceiver /interrogators) and a
network system (middleware).

19

RFID tags: The tags store the data. RFID tags come in different types according to their
functionality – active and passive. The primary difference between these is based on the

source of power. Passive tags do not have any in-built power source therefore they need to

get power from the readers in order to run the digital logic on the chip and to issue a

response to the reader. That means passive tags operate only during the presence of a
reader. As these types of tags do not need to generate signal continuously, they have a

much longer lifecycle and because of their minimal on-board security they are cheaper. On

the contrary, active tags have an active radio frequency (RF) transmitter (to enable
communication) and a built-in battery and read and write capability. The battery powers

the logic chip and communicates with the readers. Active tags have a larger memory than
the passive tags and due to their higher processing capabilities these are also more secure.

As a third type, semi-passive tags use internal battery to run the digital logic on the chip

but still use the power from the reader for communication. As a different classification,

depending on the programming capability, RFID can be of three types: Read Only (R/O),

Read Write (R/W), and Write Once Read many Times (WORM). R/O tags are preprogrammed with a unique identification. R/W tags are used in the applications that
require data to be stored in the transponder and can be updated dynamically. Finally,

WORM tags allow for an identification number to be written to the transponder once. The
information is stored in the memory which cannot be changed but the transponder can be
read many times (Moroz 2004).

RFID readers: The readers scan and communicate with tags via electromagnetic waves

and transmit the information on the tags to a database or data processing network through
the middleware. RFID readers can be of two types: handheld readers and panel readers.

Handheld readers have a read range of between 20 and 40 cm which extends 3600 from the

tip of the wand (Docking 2007a). On the contrary, panel readers have a read range of
between 55 and 150 cm which extends 3600 from the panel (Docking 2007c). On the
contrary to handheld readers, panel readers are multi-directional and cannot be made to
read in one direction only; however, the reading distance can be adjusted.

Middleware: The RFID-middleware manages the data collected from the tags, processes
the data and provides the data in real-time to software systems (e.g. ERP systems) or to the

Internet application/database systems (Finkenzeller 1999; Wu, Nystrom et al. 2006). RFID
is fundamentally based on wireless communication, making use of radio waves which form
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part of the electromagnetic spectrum (i.e. frequencies from 300 kHz to 3 GHz). However,
the exact allocation of frequency varies depending on the regulations in different countries.
The difference between RFID technology and other past technologies ... comes

with the “sensing” capabilities that RFID offers in an increasingly dynamic,
mobile physical world.... When linked with an internal infrastructure, RFID
technology is able to provide automated ubiquitous monitoring of mobile
activities inside and outside the firm enabling unprecedented control for
greater efficiency and real time decision making for better effectiveness
(Curtin et al. 2007, p. 88).

RFID has a tremendous potential to offer human benefits and has already been used for

hundreds of applications around the world including manufacturing, inventory
management (Heese 2007), supply chain (Jones, Hillier et al. 2005), logistics (Lin 2009),

automotive industry (Schmitt, Thiesse et al. 2007), customer service (Karaer and Lee
2007), shrinkage reduction (Alexander, Giulliam et al. 2002), homeland security (Lee and

Whang 2005); for a brief list, see Wyld (2006). Among many, animal identification is one of

the largest applications of RFID. All over the world, there is an increasing tendency
adopting RFID to track and trace-back animals including cattle, sheep, kangaroo, panda,
and dog (Swedberg 2007b) because of its superiority over traditional methods.

2.3 ADVANTAGES AND DISADVANTAGES OF RFID

With the development of technologies and IS, the livestock farms realised that the

traditional animal-identification methods cannot provide the complete traceability with
accuracy (Geers, Puers et al. 1997). Reportedly, the average tag retention rate of traditional
tags is very low: from 40-95% (Trevarthen 2007a), while brands or tattoos on cattle can be

damaged or faded away. A further key drawback of such traditional systems is that they

require visual detection and must be recorded manually, which can easily introduce

human errors, while the labour cost of such a practice is also high. Austin (1995) estimated

that the reading error of traditional mechanisms incurs six of every 100 animals processed,

which is only one error for every 1,000 animals with an electronic system. Moreover, the

tradition systems cannot provide all the information demanded by the important
customers. Therefore, it is blatantly obvious that electronic identification provides

dramatic advantages that traditional animal-identification technologies cannot provide

(see Table 2.1).
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Table 2.1: Advantages and disadvantages of RFID technology in livestock management
applications

Advantages

Disadvantages

• Exceptionally long life of tag retention

• Increased expense

• Increased efficiency in the capture of data

• Increased complexity

• Reduction in data entry errors
(increased readability)

• Reduced data errors reading tags (data
integrity)

• Instant ability to generate management

• No guarantee of additional market value
• No universal standards on hardware and data

•

Challenges

interference)

with

technical

issues

(collision,

reports

• Prevent theft or loss of animals

• Qualification for specific marketing
Programs

• Provides the capability for a complete
traceability

RFID provides many advantages over the traditional and other electronic identification

technologies (such as barcodes). These advantages include the ability to store more

information, accurate readability, fast read-speed, and having less operating costs once
implemented (Trevarthen 2005). Further, the identification and data-transmission process

relies upon radio waves, therefore, RFID tags do not need to be visually seen or read,
rather, they just need to come to a readable distance of the reader. This dramatically

increases ease of use and decreases labour costs and handling errors. Furthermore, RFID
tags are less vulnerable to weather such as dirt and dampness and do not wear and tear

(Finkenzeller 1999). Most importantly, RFID-enabled animal identification system

contribute to food safety and quality assurance, help to limit the spread of animal disease,
limit livestock losses due to disease outbreak, minimise potential trade-loss, and reduce

operational costs at farm and industry level (Rossing 1999; Marchant 2002; Tonsor and

Schroeder 2006; Trevarthen 2007b). At farm level, animal management with RFID

technology increases efficiency (Rossing 1999) as the farms can increase the number of
animal (if the other resources support) without the need to increase labour (Trevarthen

2007a; Trevarthen 2007b).
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However, like other technological innovations, RFID is not free from its disadvantages.
RFID components are comparatively expensive. Though the job of attaching RFID tags is
easy but the implementation of an integrated RFID system is a complex task (Brown and
Russell 2007; Tsai, Lee et al. 2010). In market, the RFID components are from various

companies with various standards which are sufficient enough to confuse the adopters
(Brown and Russell 2007). Furthermore, RFID standards are yet to be globally uniformed

which hinders cross-country operations of RFID systems. Table 2.1 summarises the

advantages and disadvantages of RFID in animal identification systems.

2.4 ANAIMAL IDENTIFICATION, TRACEABILITY, AND RFID

Historically, animal identification by means of marking on a part of the body has been

started at least 3,800 years ago (cited in Bowling, Pendell et al. 2008; Smith, Pendell et al.

2008) and was intended to indicate ownership and prevent thievery (Schnepf 2009). The

fundamental reason for the identification was the traceability which is still the main

incentive. The World Organisation for Animal Health (OIE) defines animal identification as

“the combination of identification and registration of an animal individually, with a unique
identifier, or collectively by its epidemiological unit or group, with a unique group
identifier” (OIE 2006).

2.4.1. Animal Traceability

Generally, traceability is the “record-keeping system designed to track the flow of product

or product-attributes through the production processes or supply chain” (Golan, Krissoff et

al. 2004, p. 1). Liddle and Bailey (2001) argued that traceability can be referred to as

“identify preservation” which can be accomplished by tracking back all the intermediate

steps in a particular supply chain. The fundamental concept of producing the traceability is
to create and maintain an “information trail” that closely follows the path taken by the
physical product being monitored.

OIE also adds that animal traceability is “the ability to follow an animal or group of animals

during all stages of life” and animal identification system is “the inclusion and linking of

components such as identification of establishments/owners, the person(s) responsible for

the animals, movements and other records with animal identification” (OIE 2006). In a

combined denotation, the animal identification system consists of the animal identification
and movement processes, which eventually provides the traceability.
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2.4.2 Rationale for RFID-based Animal Traceability
As Bowling et al. (2008, p.1) mentioned, the contemporary technologies allow “more
precise identification of individual animals and for the tracing of those animals throughout

their lives from birth until purchase by a consumer” or a customer or a processor. Among

the few, RFID is considered as the best, so far. The motivation for implementing an RFIDbased animal traceability system varies across countries. The core reasons may include
(Tonsor and Schroeder 2006; Trevarthen 2007b):

a. Responding to the increasing demand from the consumer and customer to
provide the accessibility to the origin of the meat and meat products

b. Providing the ability to find out the responsible and affected animals during a
disease outbreak situation

c. Monitoring the animals in a regular basis

d. A marketing tool that opens new market while securing the existing markets

Spurred by disease incidents from around the world, such as the Bovine Spongiform

Encephalopathy (BSE, more commonly known as ‘mad cow’ disease) outbreaks in the late
1990’s, EU, Japan, and South Korea have implemented their own traceability systems as

well as enforced the requirement of lifetime-traceability on incoming meats. To improve

animal traceability RFID is the primary technology of choice. RFID-enabled animal-tracking

system allows for rapid and accurate tracing of affected animal and the other animals

which came in contact with the affected animal during the event of a disease outbreak. For

example, in July 2008 Russia, Australia's fourth largest meat export market, banned

Australian beef because of ‘microbial contamination’ (ABC 2008). In less than 24 hours

Australia detected a beef supplying property and three kangaroo processing plants, and
thus Russia resume its import from Australia immediately. The whole industry would
suffer from this ban if Australian meat industry did not have traceability system in place.

Therefore, RFID systems save the livestock industry from more losses than it should be,
because the unaffected farms can keep doing their businesses. Without such a system, the

whole industry faces embargo though a single animal might be the responsible. Consider
another extreme example; in 2003 both Canada and USA immediately lost access to
international markets as a single animal was detected with mad-cow disease which was

detected in USA while was imported from Canada. The economic loss encountered was at
least US$6.3 billion (Mitura and Piétro 2004). In 2001, Argentina lost US$400 million in

meat exports when trade was suspended because of FMD, reducing exports by over 60
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percent (Marchant 2002). The same year Uruguay was hit by FMD which ruined the Latin
American countries’ hope to revive from two year recession, where the economy was

mostly dependent on meat industry. Other similar economic consequences of major animal

disease outbreaks that occurred during the 1990s and 2000s (see Table 2.2) provided the
impetus for the development and implementation of such RFID-enabled animal

identification and traceability systems. By a mathematical model Elbakidze (2007) showed

that the speed of animal tracking has a great effect on the economic effect during an
outbreak. The sooner the information on animal movement is available to be accessed, the
sooner appropriate response actions will be implemented to halt the disease spread.

Table 2.2. Economic impact of animal disease outbreak, adapted from CRS Report for
Congress, and adapted from Schnepf (2009)
Year

Disease

Species

Location

Economic cost

Resultant
livestock cull

1986-88

BSE

Cattle

UK

~$6 billion

3.7 million cattle

1997

Swine fever

Swine

Netherlands

$2.3 billion

12 million hogs

1997
1998
2000

FMD

Avian

Influenza

Swine
Poultry

Taiwan

Hong Kong

~$7 billion
Na

3.8 million hogs

Entire poultry of
Hong Kong

Swine fever

Swine

UK

Na

2001

FMD

Cattle, sheep,

UK

$6.7 billion

10 million cattle,

2003

BSE

Cattle

Canada

$6.3 billion

NA

2003-2006

Avian

Poultry

Asia,

influenza

swine

Middle

Europe

Africa,

East,

NA

9 million hogs
hogs, & sheep
~250

poultry

million

2.4.3 Current State of RFID-based Animal Traceability in the World
The identification of animal with electronic means started in the mid-1970s. The increase

in herd size made impossible for the farmers to remember animal data or retrieve

information from a paper-based system. The demand in herds made several scientists
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starting experiments attaching electronic transponders to the collar around the neck of the
cow for feeding and automatic data recording (Rossing 1999). Later on, with the

miniaturisation of the transponders offer several options of automatic animalidentification including ear tags, bolus tags, etc. The use of RFID technology in animal
identification and animal tracking has been practiced for the past years in several

countries around the world. RFID is used to track both domestics (livestock and pets) and
wild animals (Ntafis, Patrikakis et al. 2008).

Around the world, twenty-five countries are at varying stages of implementing individual

animal identification programmes (Taylor 1998). Different countries have different views,

motivation, and rationale for animal traceability program and thus for the RFID-based

system. Some countries including United States (US), Japan, South Korea, and the countries

under European Union (UN) umbrella focused on animal health and thus on consumers’

health. Other countries like Brazil or Australia adopted programs focused on both food
safety and, more importantly, as a market access tool. Until recently, countries including

Australia, Canada, South Korea, and Uruguay made RFID-based animal identification as a
legal requirement (Goth 2005; Patent, Roe et al. 2006), while US, Brazil, and Argentina are

still in a voluntary process (Goth 2005; Swedberg 2007a). Michigan is the only state of US

that mandated RFID to identify cattle, since 2007 (Swedberg 2007b). RFID has been used

for cattle identification in Australia, Canada, Uruguay, South Korea, New Zealand, EU;
pandas in China; dogs and deer in New Zealand; and sheep and goats in Australian, EU. See

Table 2.3 for detail.
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Table 2.3. Current status of animal identification in the world
Country

Name of the respective animal-identification system

Animal identification

Argentina

Argentine Animal Health Information System (SGS)

Mandatory

Botswana

Livestock Identification and Trace-back System (LITS)

Voluntary

Australia
Brazil

Canada
EU

Japan

Mexico

New Zealand
South Korea

United States
Uruguay

National Livestock Identification System (NLIS)

Brazilian System of Identification and Origin Certification (ERAS)
Canadian Livestock Traceability System (CLTS)
British Cattle Tracing System
Not available
Not available

National Animal Identification and Tracing (NAIT)
Beef Traceability System (BTS)

National Animal Identification System (NAIS)

National Livestock Information System (SNIG)

RFID-based

Year

identification

started

Voluntary

2007

Voluntary3

2001

Mandatory

Mandatory 2

Mandatory 3/Voluntary

Voluntary

Mandatory

Mandatory

Mandatory

Voluntary

Mandatory
Voluntary

Voluntary
Voluntary

Mandatory 4/Voluntary

Voluntary 5

Voluntary

Voluntary

Mandatory
Mandatory

Mandatory
Mandatory

1999
2001
2001
1997
2003
2003
2004
2004
2004
2006

2 Only for cattle
3 Only for exported beef
4 Only for cattle
5 Anticipated to make mandatory for cattle and deer in mid-2011 Friedlos, D. (2008). "New Zealand's National Cattle ID Project Gets $23 Million."

Retrieved 1/8, 2011, from http://www.rfidjournal.com/blog/entry/4154.
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2.5 RFID IN LIVESTOCK
To date, RFID has been treated and proved as the best system for animal identification.
RFID has been used in many farm management applications and the innovation

architects are inventing newer applications in a regular basis. Along with identification

farm management can be fully automated for processes such as feeding, weighing,

disease management, and breeding practices (Electrocom 2007). The following

sections discuss about the applications of RFID in livestock industry.
2.5.1 Animal Identification

There are numerous animal ID technologies available to livestock producers including
RFID, DNA, and biometrics (i.e., retinal imaging) (Marchant 2002). For animal, RFID

tags are most recommended because it is the most appropriate for the current industry
needs. Consequently, animal identification becomes the prime and primary application

of RFID in livestock industry. Finkenzeller (1999) believes that animal identification
has been pioneering the RFID technology for almost 20 years. To identify an animal,
RFID can be used in any of the following three forms: attaching a transponder in collar

(or attaching a transponder in a tag form in the animal’s ear), injecting tiny glass

transponder under the animal’s skin, or via a ‘bolus’ where the RFID transponder is

mounted within an acid resistant cylindrical housing which is inserted permanently

within the animal’s stomach (Finkenzeller 1999; Marchant 2002; Trevarthen 2005).

However, the Australian “abattoirs do not like the bolus tags because they need to cut it
out of the gut when they’re putting them down the offal schute” (Skinner 2007) which
makes ear-tag as the most popular.
2.5.2 On-farm Identification

Some of the characters of the RFID tags (last four digits in Australian case) can be
specified by the producer when ordering the tags. That serial number can be used for

on-farm record keeping and stock identification purposes. This gives producers the

opportunity to maintain the numbering they already use for herd identification and
management (Semple 2007).

2.5.3 Animal Traceability

Animal tracking was one of the first applications of RFID technology. The increased

numbers of reported animal disease outbreaks around the globe over the past decade
have greatly intensified worldwide public interest and demand to develop a “complete

traceability” of animals (Marchant 2002; RFID-Australia unknown). This pressure is

intensified with the scrutiny of various government agencies (Kumar, Pauly et al.
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2007). Respond to this requirement, RFID technology has been applied with success.

An RFID-based livestock identification and management system is a very efficient
method of identifying and tracing animals (Karkkainen 2003). A central database

manages the data acquired from the farmers which they collect from an RFID-based

data collection system. The database creates a single lifetime record of each animal

such as the farms it stayed during its lifetime, and may additionally contain information
about the breed/lineage, health records and other metrics including date of birth, sex,

breed, name(s), location and date of fattening, names of feeds, vaccines and
pharmaceuticals, slaughter date, and/or more.

By RFID-based animal identification system, an individual animal’s movements

can be traced back quickly and accurately to its property of birth. During a disease
outbreak or a food safety or residue contamination incident, the RFID system detects
all the affected animals (and the animals that have contacted with) very rapidly (Blasi

2003). Subsequently, the authorities are able to take appropriate action to minimise
further spread (Golan, Krissoff et al. 2004) which reduces the extent of loss the industry

would experience. As well, this can help minimising potential financial impact by
allowing unaffected owners to continue to trade (Hossain and Quaddus 2011a).
2.5.4 Carcase Feedback

Carcass feedback is one of the major benefits of adopting RFID-based animal

identification system. With the traditional systems, obtaining carcase feedback was

limited to whole cattle-lot reports. As in the case of Australian system (discussed in the

Section 2.7), RFID system offers producers the ability to link individual animals to
carcase feedback. Carcase feedback, provided by a meat-processor to a producer, can

be used to modify management practices (Semple 2007) which may help a cattle

producer to supply better livestock/meat that meet targeted market specifications.
2.5.5 Automatic Scanning and Weighing

Now-a-days, many producers sell their cattle to specific target markets. These markets

often specify what weight cattle must be. Therefore, in order to receive the maximum
current market value producers need to find and sort their cattle on the basis of their

individual weight. Integrated RFID scanning and weighing systems provide quick and
accurate individual identification and live-weight of animals (Gilmour and Docking

2007). If a sheep, for instance, has lost weight, it can be drafted-off to get more food

(Friedlos 2008). In addition, the value of the sheep’s fleece can be vary up to $50

between the best and the worst producing sheep in a particular flock. RFID can enable
the farmers to weed out those sheep that produce low-quality wool (Friedlos 2008).
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Moreover, producers targeting premium markets (e.g., Meat Standards Australia) need

to ensure that cattle grow at a specified growth rate. A scanning and weighing system
would allow producers to ensure that these specifications are met on an animal-by-

animal basis. An automatic scanning and weighing system performs this complex and

laborious job automatically; the cattle just need to pass through a specific section. “If I
am classing manually, I need someone else there to help with the ear tag reading and

data management. And then the data needs to be manually entered. But with the RFID

tags, that is done automatically. Data is read and displayed and that increases the
accuracy and speed of my classing” (Sheep CRC unknown, p. 10). Many other weight-

related operations can be automated in this same process.
2.5.6 Automatic Drafting

The accurate sorting of animals into groups is an integral part of herd management on

farms. This task can be made more difficult as herd size increases and labour

availability is reduced. Automatic drafting is one of the best applications of RFID in
livestock-farms. By the means of automatic drafting the farmer can separate the cows

automatically that require particular attention from the rest of the herd. The special

attention may include vaccination, special feeding for special cows, etc. In this process,
the farmers do not need to chase the herd riding horses or using helicopters and

searching the desired cows relying on the visual tags. Automatic drafting through RFID
is achieved through the use of the RFID reader linked with the automatic drafting gates.

By entering the numbers of the cattle to be drafted into the herd management software,

these cows will be automatically separated from the rest of the herd at the designated
session. This saves time and effort and provides 100 percent reliability as the farmers

do not need to trust their vision on tags. As such, this automatic drafting can be seen to

provide a reduction in hassle for the farmers while increasing the efficiency of the
drafting process (Trevarthen 2007a).

2.5.7 Automatic Feed Monitoring and Rationing

One of the benefits RFID can offer is to make individual-feeding uncomplicated. Having
the computer calculate and deliver the appropriate amount of feed for each cow

(depending on their production as measured during the last herd recording), makes the

feeding process far easier for the operators. Automated feeding also guarantees that

cows are provided the required amount of feed while leaving no room for human error

in providing the varied amounts. This approach also saves significant money as farms
do not have to provide large amount of feed for low producing cows (Trevarthen

2007a).
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2.5.8 Automatic Calf-feeding
Automating the practice of calf-feeding provides large benefits, primarily through the
reduction of labour required to undertake this activity. Without the automated calf

feeder, farms feed the calves by grouping them into age-groups, and manually

providing milk to each group of calves via buckets at designated feeding times. This
approach is quite time consuming for the farmers, and depending on the manner in
which the calves are fed, it may be difficult to gauge exactly how much milk each calf is

receiving. Utilising the automatic calf-feeder, this labour requirement is reduced, as the
calf feeder automatically manages this task (Trevarthen 2007a). As the calf-feeder is

capable of determining each calves’ age (and subsequently the amount of milk to

provide) through their RFID tags, this process does not need the calves to group-up into

similar age groups. As such, this further removes the labour requirement and hassle for
farmers.

2.5.9 Automatic Monitoring

RFID is a precursor-technology for automatic monitoring of animal. One of the first

applications of an electronic monitoring system was the monitoring the physical
activity of milking cows in order to detect oestrus (Rossing, Ipema et al. 1983). The

monitoring includes sensing systems. Such monitoring system records the animal data;

for example, transponder equipped with temperature-sensor senses the bodytemperature of the animal and reports an emergency if the temperature rises up or fall-

down to a certain level (Artmann, 1993, cited in Eradus and Jansen 1999) with the

capability to monitor temperature within 0.20 C (Eradus and Jansen 1999). Other status

such as pregnancy, oestrus, inflammation or mastitis etc. could also be monitored
(Maatje, Huijsmans et al. 1992; Eradus and Jansen 1999).
2.5.10 Management Capabilities by Information

RFID systems stores and display information when needed. Many examples from

within and outside Australia claim that RFID increases farms’ ability to generate and

evaluate animal-data in a more efficient manner. By using RFID systems many farms

dramatically increased their profitability by managing their cattle on an individual

basis rather than groups (Trevarthen 2007b). Sheep CRC, Australia’s leading sheep
research, education and industry organisation claims that RFID “has improved the
efficiency and accuracy of data capture, and improved the use and reuse of information

for selection and management decisions” (SheepCRC Unknown, p. 3). Livestock

farmers, especially sheep farmers, state that “the more information you have, the better

decisions you can make” (SheepCRC Unknown, p.7). RFID provides the farmer with the
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ability to gain a far greater depth and accuracy of information on their individual cows

and overall herd, thus enabling them to make more informed decisions. Likewise, RFID
provides the ability to enhance farm management practices. Particularly in sheep,
managing individual animal is very important. In sheep industry, the price of wool or
sheep meat depends on the quality where different sheep may produce different

quality of wool and meat. Within a flock there is suitable variation in the characteristics
that influence an animal’s production level and hence, variation in their economic value

to the producer. Therefore, concentrating more on sheep based on their quality is

important. Instead of taking decisions across an entire flock, electronic identification
allows to manage a portion of the flock or an individual basis, reducing costs and
labour, while at the same time maximising returns (Docking 2007a).

2.6 AUSTRALIAN LIVESTOCK INDUSTRY

Australian livestock consists of ruminants, equines, camelids, and pigs where cattle,

sheep, and pigs are the primary components (Department of Agriculture and Food
2008). The Australian meat and livestock industry is regarded as one of the largest in
the world and is renowned for its ‘clean and green’ beef.

The gross value of Australian livestock production in 2010-11 is $21.8 billion

which is 17.1 per cent more than previous financial-year (ABARE 2011). Much of the

livestock production is exported and contributes to the Australian economy. Australia
is the second-largest exporter of beef, mutton, and lamb in the world, exporting to more
than 100 countries, and world’s largest beef exporter (Tonsor and Schroeder 2006;

Fletcher, Buetre et al. 2009). A significant portion of Australia’s livestock produces are

exported. In general, Australia exports approximately 70% of livestock production
(Electrocom 2007; RFID-Australia unknown). During 2010-11 the total value of exports

from livestock sector is $14.7 billion which is the second highest single sector, apart
from minerals export, contributing to the export economy (ABARE 2011). During 2009-

10 Australia earned $5.5 billion from exported meat and $1 billion from exporting live
animal (Hooper 2010). The exported animal consists of mainly cattle and sheep. During

2009-10 Australia exported 906, 000 cattle (valued of $723 million) mainly to Asian
and South-East Asian markets which has been declined during 2010-11 (to $585

million) due to the Australian government’s live-export ban to Indonesia (ABARE

2011). Australia earned another $310 million in 2009-10 (Hooper 2010) and $378

million in 2010-11 (ABARE 2011) from live-sheep export mostly to the Middle East.
Moreover, Australia is one of the world’s largest producers of wool. Almost half of the
world’s greasy wool is produced in Australia (Unknown 2009). In 2010-11 Australia
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produced 422 million kilo ton wool and earned $3 billion from wool export (ABARE
2011). Moreover, $2.26 billion was earned from dairy export.

In 2011 Australia own 28 million cattle and 70.6 million sheep (ABARE 2011).

A more-detail distribution of the livestock is given in Table 2.4. An increasing tendency

is observed in the number of livestock since 2007-08. In 2006-07 Australia had 85.7

million sheep and 28 million cattle. Because of consecutive draughts and some other

reasons the number of livestock falls down. However, it is positive that Australia is now
gaining more livestock in a positively steady manner.

Table 2.4. The distribution of cattle and sheep in Australia (as at June 2010)
States

Cattle (in millions)

Sheep (in millions)

NSW

5.5

24.4

Queensland

11.4

3.6

NT
SA

Tasmania
Victoria
WA

2.1
1

0.6
3.7
2.3

-

9
2

14.4
14.7

Source: Australian Bureau of Statistics and Australian Government Land and Coasts

2.7 AUSRALIAN ANIMAL TRACEABILITY AND NLIS
Australia has used a tail-tag system since the 1960s (Tonsor and Schroeder 2006) to
identify the most-recent property-of-origin for cattle. The system was based on a

unique identification number that was aligned to each farm. This system provides only
the Property Identification Code (PIC) of the property where the cattle were most

recently residing on. However, tail-tag is unique to a pen or to a lot of cattle, not to
individual animals. From 1996, Australia mandated the requirement to include a

National Vendor Declaration (NVD) form, completed by the seller, prior to make each

transaction. NVD provides a food safety and product integrity consignment note
attesting to the fitness-for-purpose of a given consignment of cattle. NVD is a paperbased document and, to date, has not been integrated into an electronic system (Tonsor

and Schroeder 2006). Meanwhile Australia started experimenting projects with an

electronic system for animal identification and traceability system especially after

experiencing a number of chemical-residue incidents in the beef industry in the early to

mid 1990s (Beer 2003). In this period, at least 13 major residue contaminations or

cattle disease outbreak have been reported. Because of these incidents, the Australian
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reputation of “clean and green beef” was in trouble or shattered. Moreover, the
pressure from the major buyers, especially from European Union, was one of the major

incentives to go for a lifetime traceability program. Considering this huge dependency
on livestock industry, finally in 1999, Australia introduced the world’s first and largest

RFID-based animal identification system, called the National Livestock Identification
System (NLIS) (Tonsor and Schroeder 2006) and made it mandatory in July 2005 (for

cattle). NLIS is the largest application of RFID technology in Australia (Friedlos 2008)

which is recognised as one of the world’s largest, most sophisticated, and best livestock
identification and tracing systems (RFID-Australia unknown). NLIS is a “….permanent

whole-of-life identification system that enables individual animals to be tracked from
property of birth to slaughter for food safety, product integrity and market access
purposes” (Unknown 2011).

It is worthwhile to mention here that, the animal identification process in Australia

does not depend solely on RFID-tags; rather additionally it requires a visual ear tag.

This provision incurs additional costs while ensures traceability in case of loss of an

RFID-tag (Semple 2007). RFID system is believed to be an enhancement of the tail tags
and NVD systems (Tonsor and Schroeder 2006): “NLIS is designed to supplement and

improve the tail tracking system that has been in place in Australia for over thirty
years” (cited in Pendergrass 2007), not to replace the old system. Moreover,
controversially, the sellers are still mandated to complete the NVD formalities along
with the electronic specifications.

Australia’s cattle tracking system identifies the animals with RFID tags that are

enclosed in an ear tag or an ingestible rumen bolus. Each owner is issued with a
Property Identification Code (PIC). That unique PIC is placed on a microchip in the

RFID device and that RFID device stays with the animal throughout its life (Pendergrass

2007). As cattle move through the production chain, the RFID device is read and the
new owner’s PIC is linked to the animal (Pendergrass 2007). When the ownership of

the animal changes the transactional information is logged into a central NLIS database

that is maintained by Meat and Livestock Australia (MLA). MLA database records RFID
device number as well as NLIS visual number of each individual animal and record all
movement records of animals. If the owner(s) of the animal update the data properly

and timely, a complete lifetime record of an animal’s residency, even which other

animals it has interacted with, can be established. Ideally, the NLIS database has a

number of key functions, including: recording stock movements for traceability,
registering lost and stolen stock or device (Semple 2007), monitoring chemical residue
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and disease status, receiving and reporting carcase feedback (Semple 2007), and
designing market eligibility status (Beer 2003).

NLIS stores and manages data. That data is collected by the farmers from an RFID-

based data collection system. When integrated with post-slaughter tracking systems,
the NLIS database allows for rapid and accurate tracing of cattle in the event of a
disease outbreak or residue incident.

Though NLIS is a Federal system but is coordinated, enforced, and supervised at state
level. Each state took its own time to implement NLIS. Similarly, different state has its
own legislation, maintenance, and inspection agencies. Table 2.5 presents a one-stop

presentation of responsible authorities. As because of the differing legislation in
different states, the NLIS requirement varies in within-state level. For example,

identifying cattle with RFID tags in Victoria is absolutely mandatory with no waiver. On

the contrary, in Western Australia, Tasmania, and Northern Territory, cattle

identification and cattle movement with RFID tags are exempted for those cattle which
are (i) exported directly from the place of birth, and (ii) taken to the abattoir (for
slaughter) directly from the place of birth (McConchie 2005; Wright 2007).

Table 2.5: The responsible authority for livestock business in federal and State level
State/Territory

Authority

Federal

Department of Agriculture, Fisheries, and Forestry

Western Australia (WA)

Department of Agriculture and Food, WA (DAFWA)

New South Wales (NSW)
Northern Territory (NT)
Queensland
Tasmania
Victoria

South Australia (SA)

Australian Capital Territory
(ACT)

NLIS start
date

Department of Primary Industries (DPI, NSW)

I July 2004

Department of Resources – Primary Industry

1 July 2005

Primary Industries and Fisheries

Department of Primary Industries, Parks, Water, and
Environment – Food & Agriculture

1 July 2005
1 July 2005
I July 2004

Department of Primary Industries – Agriculture

1 Jan 2002

Department of Territory and Municipal Services

1 July 2004

Primary Industries and Resources, SA (PIRSA)

1 Jan 2004

Because of the different legislation and the business concentration, the intensity of the
motivation of using RID tags is not same in all states.
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2.8 RFID SYSTEM IN NLIS
The NLIS uses RFID tags encoded with a unique 27 digit unalterable number of which

the last 16 digits are visually displayed. This 27-digit number is encoded into an

integrated circuit (inside the tag) when it is manufactured and this is the only

information stored within the device. To read the unique identification number RFID
readers are needed. Readers can be either hand-hold readers or panel readers. The

reader can read animal’s identification device number and store it for downloading into
a computer though customised software (middleware). Normally, the software comes

with the reader. The stored data can be further analysed and/or uploaded into the MLA
site.

The farmers with a very basic RFID system needs to tag the animal with RFID tags, a
computer to store the tag numbers, and an internet connection to upload the data in

MLA site. However, an advanced RFID system is required to gain the full potential of the

RFID system. Along with the basic system, the advanced system may include any of the
following components or a combination of any (see Section 2.5.1-2.5.10): automatic

weight machine, automatic drafting machine, automatic feeding machine, etc. However,
each hardware needs to be integrated and customised with on-farm herd-management

software. Herd management software also offers the ability to link individual animal

data to carcass feedback provided via the NLIS database. The combination of the RFIDgenerated data could help the farms to attain animal identification, animal traceability,
and farm efficiency and thus entertain the customers’ specifications in a smart way.

2.9 SUMMARY

This chapter introduces the subject of the current research and the rationale for

conducting the research. It is found that Australian livestock industry significantly
contributes to its economy. It is also discussed that RFID technology possesses the

capability to increase the efficiency and market reliability. Therefore, studying the
factors of RFID technology in Australian livestock industry is invaluable.
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CHAPTER 3
LITERATURE REVIEW 6
3.1 INTRODUCTION
This chapter presents the literature review relevant to the current research. The

literature review is divided into two distinguished sections, namely (i) adoption
diffusion, and (ii) continued and extended use of an innovation. While presenting the

literature review this chapter reveals the literature gaps which are to be addressed in
the current research. This chapter finds that there is no single model or theory which

explains the adoption process as well as continuance and extension behaviour in a

single framework. Hence, discussing the relevant issues from theoretical perspective

this chapter carries out the groundwork to develop such an integrated, if not a
‘complete’, model. Having extensive analyses of existing literature, and discussion on

the rationale of RFID-extension in Australia (Chapter 2), this chapter presents the

research concept used in this study and then proposes the preliminary research model.

This study espouses DeLone and McLean’s (1992) argument not to use the traditional
adoption theories ‘as-it-is’ to examine the adoption-diffusion behaviour of

organisations in a mandatory and voluntary environment, but to develop a new
relevant model, instead.

6 Parts of this chapter have been published partly in the following publications:

a.

Hossain, M.A. and Quaddus, M. (2010a). “An Adoption Diffusion Model of RFIDbased Livestock Management System in Australia” in Human Benefit Through the
Diffusion of Information Systems Design Research, Pries de-Heje, J., Venable, J.,
Bunker, D., Russo, N., and DeGross, J. (eds.). Volume 318, pp. 179-191, Springer:
Boston.

b. Hossain, M.A. and Quaddus, M. (2010b). "Impact of External Environmental Factors
on RFID Adoption in Australian Livestock Industry: An Exploratory Study" in
Proceedings of 14th Pacific Asia Conference on Information Systems (PACIS) 2010.
Paper 171.

c.

Hossain, M.A. and Quaddus, M. (2011a). “The Adoption and Continued Usage
Intention of RFID: An Integrated Framework”, Information Technology and People,
Special issue on the Design of Information Systems for Human Benefit. Vol 24, No. 3,
pp. 236-256.

d. Hossain, M.A. and Quaddus, M. (2011b). “Expectation Confirmation Theory in
Information System Research: A Review and Analysis” in Information Systems
Theory: Explaining and Predicting Our Digital Society, Vol. 1: 28, eds. Dwivedi,
Y.K., Wade, M.R. and Schneberger, S.L. (eds.). Volume 1:28, Springer, Boston, USA,
pp. 441-469.
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3.2 STATE-OF-THE ART OF RFID ADOPTION STUIDES
Increasingly, the price of RFID components, especially RFID tags, is decreasing because

of technological improvements. The comparatively lower costs of RFID components

attracted the innovation architects and business leaders to experiment with RFID
technology which eventually have driven them to implement RFID to achieve
organisational benefits and/or to address customers’ requirements. The quick

industrial progress of RFID attracted also the researchers to examine and explore the

associated and relevant issues of RFID technology. Initially and until recently, the RFID
adoption studies adopted and adapted the factors and variables from traditional

innovation adoption-diffusion literature. However, literature is becoming rich studying

RFID (Ngai and Gunasekaran 2009) and RFID adoption which indicates that the

importance of RFID is increasingly realised by the academics as well as by the
practitioners.

For the purpose of conducting the review of RFID adoption literature the

researcher of this study investigated only the academic journals. In order to identify
publications specific to RFID adoption, the search criteria included both ‘RFID’ and

‘adoption’. The search was restricted to occurrences of any of these keywords

appearing in the article- title in order to avoid locating publications where any of these

keywords might have been used as casual words in the main text. To avoid any
confusion and bias, the selection criteria was logical. The presence of both of these

words confirms the subject of the paper that it would somewhat/somehow discuss

RFID adoption issues. Not less than 33 articles are found, all are between 2005 and

September 2011. Though RFID literature can be found as back as in 1995 but no studies
came up dealing with RFID adoption before 2005 (Ngai et al. 2008; Irani et al. 2010). A

similar analysis by Schmitt and Michahelles (2009, p. 13) also reported the same

finding: “RFID adoption research is still a new research stream with first publications in

2004 and 2005”. Therefore, this six year-period is deemed to be the most significant

and representative of the RFID-adoption literature. This research retrieved
publications

from

online

databases

including

Google

Scholar,

ABI-Inform,

ScienceDirect, Wiley InterScience, Emerald Management Xtra, and Proquest.

Appendix A presents the findings from the analysis. From the analysis it is found that a

variety of research methodologies have been employed in scholarly RFID adoptionstudies, including literature review (Schmitt et al. 2007), critical analysis (Otondo et al.

2009), case studies (Roh et al. 2009), conceptual (Jones et al. 2005), field interviews

(Hossain and Quaddus 2011a), quantitative (Tellkamp et al. 2006), and mathematical
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modelling (Szmerekovsky and Zhang 2008). From the content analysis, it is found that

most studies are concentrated on supply chain issues. Most studies used traditional

innovation/technology adoption-diffusion theories including Innovation Diffusion
Theory (IDT), and Technology Acceptance Model (TAM); however, the popularity of

Technology-Organisation-Environment (TOE) model is somewhat extraordinary,

especially among the researchers dealing with organisational adoption of RFID.
3.3 ADOPTION THEORIES

It has been a real challenge of the organisations to understand the usage behaviour of

the users toward an innovation (a technology, an information system and so on)

because the success of a technology largely depends on its acceptance and continued
use (Bhattacherjee 2001a; Davis 1989; Venkatesh and Davis 1996; Succi and Walter

1999). Researchers around the world have been examining the contributing factors to
accept an innovation, especially from an individual perspective. In doing so studies

dealing with individual level adoption of an innovation use a number of prominent
behavioural theories including Innovation Diffusion Theory (IDT) (Rogers 1995),

Theory of Reasoned Action (TRA) (Ajzen and Fishbein 1975), Theory of Planned

Behaviour (TPB) (Ajzen 1991), Technology Acceptance Model (TAM) (Davis 1989;

Davis, Bagozzi et al. 1989), and Unified Theory of Acceptance and Use of a Technology

(UTAUT) (Venkatesh et al. 2003). Various models also have been developed from social

and cognitive psychology as well to assist in explaining or predicting the acceptance of

Information Systems (IS) and Information Technologies (IT) (Mather, Caputi et al.
2002) using theoretical perspectives of Social Cognitive Theory (Bandura 1986) and

interpersonal behaviour (Triandis 1980). Table 3.1 presents the popular models

explaining adoption-diffusion.

IDT provides well-developed concepts and a large amount of empirical results

which are used by the researchers and practitioners to understand technology

adoption and diffusion (Premkumar, Ramamurthy et al. 1994 among many; Zhu,

Kraemer et al. 2006). IDT focuses on the diffusion processes of an innovation by

individuals and organisations. IDT discusses a number of issues (technical,
technological, or even social) related to innovation adoption and how these factors

affect the organisational changes. Rogers and other researchers applied IDT in

hundreds of cases in several geographical parts in the world and established that IDT is
a strong theory that explains the innovation adoption processes. IDT provides both
qualitative and empirical tools for identifying the facilitators and the inhibitors for the

adoption of a particular innovation, and also provides the researchers assessing the
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rate and causes of innovation-adoption (Schmitt, Thiesse et al. 2007). Jeyaraj et al.

(2006) emphasised that IDT offers a robust perspective for analysing organisational

adoption of technology. Therefore, “it is not surprising that innovation diffusion
[theory] has become a very popular reference theory for current research of
information and communication technologies” (Schmitt and Michahelles 2009).

Table 3.1: Theories and models of the adoption and diffusion research, adapted from

Schmitt and Michahelles (2009)

Theory/model

Innovation Diffusion Theory
Perceived

Innovation

Characteristics

of

Author(s)
Rogers (1995)

Moore and Benbasat (1991)

Adoption by
Individual
X
X

Social Cognitive Theory

Bandura (1986)

X

Technology Acceptance Model 2

Venkatesh and Davis (2008)

X

Technology Acceptance Model
Theory of Planned Behaviour
Theory of Reasoned Action

Unified Theory of Acceptance and
Use of Technology

Davis (1989)
Ajzen (1991)

Fishbein and Ajzen (1975)
Venkatesh et al. (2003)

Organisation
X

X
X
X
X

Diffusion/Implementation Model

Kwon and Zmud (1987)

X

Technology-Organisation-

Tornatzky and Fleischer (1990)

X

Tri-core Model

Environment Framework

Swanson (1994)

X

TRA has been accepted widely since it was developed. TRA claims that users

behave rationally; they collect, and evaluate the information about a system, consider

the effect(s) of their every possible action upon accepting the system, and finally decide
whether to adopt or not. TRA has been extended to propose TPB by including belief as a
new construct called “perceived behavioural control” (Madden et al. 1992). Using the

underlying arguments of TRA and TPB, Davis et al. (1989) proposed the TAM. TRA and
TAM both explain the relationship between actual use of a technology and the user
attitudes, perceptions, and beliefs (Xu and Quaddus 2007). In TAM, perceived

usefulness (PU) and perceived ease of use (PEoU) are important determinants of
system-use which is consistent with IDT that claims that adoption is a function of a

variety of factors, including relative advantage and complexity of the innovation,
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respectively. Though TRA and TAM share many common concepts, they necessarily

have some distinguished differences and thus are applicable in contextual use. In TRA,
user’s beliefs are context-bound and hence cannot be applied in every application. On

the contrary, TAM has a simplified view proposing to have a direct effect of PU and
PEoU on acceptance of all information systems (Melone 1990). Moreover, TRA summed

up every belief, whereas TAM considers them separately under (two different) distinct

constructs. In favour of TAM, Davis et al. (1989) suggest that considering and modelling
each belief separately allows researchers to better investigate and understand the
influences of all of the affecting factors separately, on IS acceptance. Scholars

demonstrate that the main contribution of TAM lies in examining PU and PEoU as
distinct individual perceptions that relace the abstract beliefs forming attitude in TRA

(Huyskens and Loebbecke 2007). Therefore, TAM has been accepted by a wide variety

of researchers as a robust, parsimonious, and powerful theory which is useful in
examining and explaining the intention of the users in accepting a particular technology
(Venkatesh and Davis 2008). Applying TAM, Müller-Seitz et al. (2009) argue that along

with PU and PEOU, perceived security is also important for forming a positive attitude

toward RFID. Hossain and Prybutok (2008) too adapted TAM and “contextualized” the
constructs into individual-level adoption factors of RFID. They found that PU, PEoU,

culture, and perceived security, but the perceived privacy, are significant in predicting
the intention to use RFID technology. Recently, in proposing UTAUT, Venkatesh et al.

(2003) reviewed eight competing models to develop a unified model that explains the
individual’s acceptance of an IS. UTAUT posits that performance expectancy (PU), effort
expectancy (PEoU), and social influence (Subjective Norm, SN) have direct influence on

the intention to adopt an IS.

TRA, TPB and TAM suggest that the user’s intention directly influence the (actual)

behaviour to use a particular technology. TPB claims that the more resources and
opportunities individuals think they possess, the greater perceived behavioural control
they exercise over the behaviour. Prior studies have identified many variables and

factors that explain the adoption diffusion of IS and IT. However, no single model or

theory could generate variables that are applicable in every applications; a unified
theory (Lee and Shim 2007). However, Kimberly and Evanisko (1981) doubted about

the development of a unifying theory of innovation adoption and diffusion that can be

applied in every type of innovation. Lai and Guynes (1997) argued that a unifying
theory or model will possibly not be appropriate because of the various types of

innovation and the different context and environment of adoption. At individual level
adoption UTAUT has, however, tried to do so.
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Adoption literature deals mostly with the voluntary adoption, examining the attitude of
the users. DeLone and McLean (1992) and Melone (1990) argue that the influence of

attitude on behaviour (e.g., intention to use a system) can be established only if the

usage of that system is voluntary, whereas in a mandatory setting the use of such
relationship is of limited use. Not many researches have been reported that dealt with
mandatory adoption of an innovation. Brown, Massey et al. (2002) tried and used TAM
explaining a mandatory adoption and concluded that TAM is not applicable in a
mandatory adoption environment. Rawstorne et al. (2000) identified various

limitations of using TAM and its use in a mandatory environment. Also Brown et al.
(2002) proved that “TAM relationships provide limited explanation of acceptance” and

“the original formulation of TAM do not replicate when usage is truly mandated”
(Brown, Massey et al. 2002, p.290). Subsequently Venkatesh and Davis (2008)

attempted to use TAM in a mandatory environment (named as TAM2) incorporating
some variables from the social behaviour. However, TAM2 include the mandatory

adoption contexts by abstracting concepts from voluntary TRA and TAM theories.
Similarly, Rawstorne (2000) found that TPB is marginally a better theory in mandatory
adoption. Other behavioural theories primarily predict one type of behaviour rather

than a few specific behaviours which can be seen in a mandatory adoption process
(Rawstorne, Jayasuriya et al. 2000).

Another limitation of using TRA, TPB, TAM, and TAM2 theories in this research is that
these theories are built on behavioural assumptions intended for individual adoption
rather than the contexts of organisational adoption. The acceptance of RFID at an
individual level (e.g., using RFID card for toll payment) is often successfully explained

by the above-mentioned theories as has done by the researchers (e.g., Müller-Seitz et al.

2009; Hossain and Prybutok 2008). However, at organisation level, RFID is too

complicated to be grasped by an individual’s cognition and the decision is too risky to
be taken by an individual. Brown et al. (2002) argued that the behavioural factors have

little effect on organisational adoption process than on individual settings. Therefore,

applying these behavioural adoption-theories for examining RFID adoption at

organisations is too optimistic and thus a real investigation on the adoption factors is
important. As opposed to individual settings different other drivers determine the
organisational adoption especially for technological innovations (Karahanna, Straub et

al. 1999). As an example given in Huyskens and Loebbecke’s (2007) paper, attitude

determine users’ intentions adopting Windows (as an individual or a member of the

organisation), while normative pressure determines the intention of organisational

decision-makers whether to adopt Windows. Hence, the user perceptions would affect
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organisational adoption only indirectly (Matta and Moberg 2007). In fact, the

organisational adoption decisions aim primarily at organisational achievements, where
the technological characteristics such as ‘complexity’ is not the primary concern (Zmud

1984; Cooper and Zmud 1990). The adoption theories on individual adoption
behaviour are, therefore, incompatible explaining the complex business policies of
organisations.

Traditionally and more frequently, by using one or more theories of adoption-diffusion,
researchers explore and group up contributing factors of adoption and diffusion.
Russell and Hoag (2004) used the diffusion of innovation theoretical framework to

examine the social and organisational influences on adoption of IT. They grouped up
the explored factors into perception of attributes of the innovation (such as relative or

competitive advantage, compatibility, and complexity) and organisational factors (such

as centralisation, level of connectivity). Similarly, Moberg et al. (2002) classified the

adoption factors into environmental, organisational, and informational factors. To

explore the adoption factors at organisation-level and to study the adoption of

technological innovations, Tornatzky and Fleischer (1990) proposed the TechnologyOrganisation-Environment (TOE) model which is an extension and integration of IDT
and TAM.

At organisational level, Rogers’s IDT is the first reported theory which explains the

adoption diffusion. However, based on IDT and other relevant theories Tornatzky and

Klein (1982) have attempted and developed a unified model regarding the

technological innovation-adoption and named it as the Technology-Organisation-

Environment (TOE) framework which has got lots of empirical supports from the

researchers. TOE posits that the adoption decision of a technology is dependent on

technological, organisational, and environmental characteristics. Kwon and Zmud
(1987) also tried and proposed Diffusion/Implementation Model where they classified

the relevant factors into individual, structural, technical, task-related factors, and

environmental factors. Similarly, also the institutional theories offer help explaining
organisational adoption and diffusion of a technological innovation. Institutional
theories define the environment as an integrated set of political, economic, social, and

legal conventions (Oxley 1999). It is generally agreed that institutional environment is

a very important external factor to firms. Institutional theory, thus, emphasises on

institutional environments in organisational strategy, policy, and operations (Scott

2001). Institutional theory illustrates that organisations not always take decision from
internal judgements but have to respond to the external environmental issues as well.
Therefore, over a period of time firms in a similar industry become more similar due to

43

the isomorphic pressures (DiMaggio and Powell 1983). In recent time, Teo et al. (2003)

applied the institutional theory to examine intention to adopt inter-organisational
linkages; especially financial electronic data interchange (FEDI). Moreover, proactively,

Gibbs and Kraemer (2004) applied institutional theory in conjecture with the TOE
framework. A number of studies used TOE model successfully in order to study

technological adoption of organisations. Table 3.2 summarises the relevant studies that
used TOE framework and presents their brief findings.

Rogers’s IDT is one of the most widely used theories that has been applied and justified

in numerous innovation-adoption studies. Rogers’s perceived characteristics of the

innovation are relative advantage, compatibility, complexity, trialability, observability.

The factors complexity and relative advantage are similar to the ease of use (EoU) and
perceived usefulness (PU) of TAM. Both of these factors have been included in TOE as

the technological factors. In addition, Rogers emphasised three groups of adoption

predictors: individual (leader) characteristics, internal characteristics of the
organisation, and external characterises of the organisation. The individual
characteristic can be viewed as a specific internal organisational factor (Zhu, Kraemer

et al. 2003), while the external characteristics (e.g., system openness) of the

organisation refers to the environmental context in the TOE framework (Wang, Wang

et al. 2010). Moreover, the characteristics of the organisation (centralisation,
complexity,

formalisation,

interconnectedness,

organisational

slack,

size,

socioeconomic characteristics, personality variables, communication behaviour) are
diffused into the TOE as the organisational factors. Therefore, Rogers’s IDT theory is

considered as consistent with TOE framework (Zhu, Kraemer et al. 2003; Zhu, Dong et

al. 2006; Wang, Wang et al. 2010). Moreover, the seminal work of Jeyaraj et al. (2006)

that carried out a review of empirical work in traditional IS studies categorised the
significant factors that are important for technological innovation diffusion into four
categories:

environmental

descriptors,

organisational

factors,

individual

characteristics, and innovation characteristics. Organisational adoption process can

omit the individual characteristics of the IS user while the innovation characteristics

can be viewed as the technological factors; therefore the rationale for using TOE
framework to understand organisation-level adoption factors is once again justified;

TOE framework hence is a powerful tool for understanding technological innovationadoption by organisations (Scupola 2003b).
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Table 3.2: Previous studies using TOE framework; adapted from (Wang et al. 2010)
Study

Field of study

Technological factors examined

Organisational factors examined

Environmental factors examined

Chau and Tam (1997)

Open system

Perceived

Complexity

Market uncertainty

benefits;

perceived

barriers; perceived importance of
compliance

interoperability;

to

standards;

interconnectivity

and

of

IT

infrastructure;

satisfaction with existing systems;
formalisation on system development
and management

Technology competence

Firm scope; firm size

e-Business

Relative advantage; compatibility;

Organisation

Zhu et al. (2006a)

e-Business

Technology readiness; technology

Firm size; global scope; managerial

Gibbs and Kraemer (2004)

e-Commerce

Zhu et al. (2006b)

e-Business

Zhu et al. (2003)

costs; and security concern
integration

Technology resources

size;

competency
obstacles

Perceived

benefits;

organisational

Consumer readiness; competitive
pressure; lack of trading partner
readiness
technology

lack

of

compatibility;

financial resources; firm size

Competitive
readiness

environment
External

pressure;

Perceived direct benefits; perceived

Perceived

indirect benefits

Perceived financial cost; perceived

IT usage

IT infrastructure

IT management

e-government;

Internet

Technology competence

Technology

Kuan and Chau (2001)

EDI

Zhang et al. (2007)
Xu et al. (2004)

integration;

functionalities; EDI use

web

technical competence

Firm size; global scope; enterprise
integration

government

promotion; legislation barriers
Partner usage

e-Commerce

partner

Competitive intensity; regulatory

Web spending; perceived obstacles

Hong and Zhu (2006)

pressure;

industry-pressure;

perceived government-pressure

government

regulation and promotion

Competition intensity; regulatory
environment
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Brown and Russell (2007)
Schmitt
(2009)

and

Michahelles

RFID
RFID

Relative advantage; compatibility;
complexity; cost; standards

Complexity; compatibility; perceived
benefits; costs

Top

management

expertise;

attitude;

organisational

organisational readiness

IT

size;

Organisational size; top management
support; presence of champions;
technical know-how; resistance of

Competitive

pressure;

external

support; change agents

External pressure; uncertainty

employees

Lin and Ho (2009a)

RFID

Explicitness

of

technology;

Encouragement

for

innovation;

Government

environmental uncertainty

support;

Lin and Ho (2009b)

RFID

Explicitness

of

technology;

Encouragement

for

innovation;

Government

support;

Wang et al. (2010)

RFID

Top management support; firm size;

Competitive

accumulation of technology
accumulation of technology
Relative

advantage;

compatibility

Wen et al. (2009)

RFID

Standards;

Scupola (2003b)

Internet

Perceived

commerce

challenge

barriers, cost

complexity;

costs; implementation
benefits,

Note:

The

perceived

italic

quality of human resources
quality of human resources
technology competence

Organisation size; organisation-wide
readiness; innovativeness
Project

champion,

employees’

knowledge, organisational size; slack

resources

variables

are

not

supported

by

environmental uncertainty
partner

intensity

pressure;

pressure;

trading

information

Supply chain collaboration
Government,

external

vendor support

the

respective

pressure,

study
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3.4 TOE Model
TOE posits that the adoption of an innovation is dependent on technological,

organisational, and environmental characteristics. TOE argues that the decision to adopt a

technological innovation is based on factors in the organisational and environmental
contexts, as well as the characteristics of the technology itself. Thus TOE takes

consideration of three contexts of technological innovation adoption: technological

context, organisational context, and environmental context. Actually the environmental

context, here, means the external environment (Scupola 2003a) where the organisation

conducts and performs its business that includes the industry, business partners,

competitors, and government (Tornatzky and Fleischer 1990). On the other hand, the
technological context that TOE considers are the characteristics of the technology in

question related to the adopting organisation. Finally, the organisational context describes

the characteristics of the organisation in question that intends to adopt the innovation.

Tornatzky and Fleischer (1990) claim that the TOE framework possesses a reasonably

theoretical basis for analysing technology adoption at the organisation level. Using the

concepts, variables and factors from adoption diffusion models, the RFID adoptiondiffusion model for this research has been developed. The following sections present the
theoretical background and underpinning of the research model.
3.4.1 Environmental Factors

Environment is defined as the totality of physical and social factors that are taken directly

into consideration in the decision-making behaviour of individuals in the organisations

(Duncan 1972, p. 314). Environmental factors can be differentiated into internal

environment or external environment. Tornatzky and Klein (1982) demonstrated that
external environmental factors refer` to those variables that are usually beyond the control

of the organisational management, and that can either create threat or opportunity to the
organisation. External environment consists the ‘global’ external factors which are beyond

organisation’s control but are important in functioning and decision-making behaviour

(Quaddus and Hofmeyer 2007) whereas the internal environmental factors can be viewed

as the organisational characteristics. Therefore, this study explicitly considers external
environment instead of ‘environment’.
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In general, external environment has been recognised to play a very significant role

in adoption diffusion research (Zhu et al. 2003; Wen et al. 2009), especially in the case of
organisations (Matta and Moberg 2007), and so as for RFID adoption (Sharma and Citurs
2005; Wen, Zailani et al. 2009). The external environment is considered as the most

significant driver for RFID adoption in organisational applications (Hossain and Quaddus

2011a). Numerous innovation studies have examined a variety of external environmental
factors, including government, investment companies, corporate headquarters, regulatory

agencies, customers (Barratt and Choi 2007), economic conditions, global competitiveness,
transaction climate, industry concentration, and environmental uncertainty, on the
decision to adopt new technologies (Gatignon and Robertson 1989; Grover 1993; Quaddus

and Hofmeyer 2007). Based on literature external pressure, external support, external

information source, environmental uncertainty, and perceived privacy (Sharma, Citurs et

al. 2007) are viewed as important environmental influences on a firm’s RFID adoption

decision. In the context o f the current research, perceived privacy is not relevant and thus
is removed from the analysis. However, external environmental factors can be grouped
into external pressure, external support, and external uncertainty (Hossain and Quaddus

2011a). However, literature proposed other factors too as the environmental factors which

are considered (in this study) under other constructs. For example, perceived standard

(Sharma, Citurs et al. 2007; Krasnova and Weser 2008) has been examined under

technological characteristics, perceived consumer readiness (Sharma and Citurs 2005) and

adoption rationale (Sharma, Citurs et al. 2007) under organisational characteristics.
3.4.1.1 External pressure

External pressure can be defined as the formal or informal pressures from outside of the

organisation to adopt a specific innovation or technique which may come in different forms
including legislation, mandate, competition, and business advantage (Robertson and
Gatignon 1986). External pressure is a form of influence on an organisation regarding the
adoption of a new technology. External pressure has been considered as a significant factor

in innovation adoption research (Premkumar and Roberts 1999); not surprisingly is also

treated similarly for RFID adoption (Schmitt and Michahelles 2009). Explicitly, Matta and

Moberg (2007, p. 452) argued that external pressure “is a good antecedent to investigate
for its ability to predict the adoption of RFID” whereas (Schmitt and Michahelles 2009)

identified external pressure as the most important environmental factor.
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Robertson and Gatignon (1986) argued that the motivation to adopt new technology may

come from pressure from the external market. As the organisations cannot control the
external pressure they need to adjust their business strategy and policy. Examples of

external pressure are government influence through legislation, competition, and
mandates. The mandate from Wal-Mart, DoD, Australian government proved that mandate
really can increase the adoption of RFID technology; “full realisation of this technology

[RFID] requires wide adoption among trading partners that often will require mandates. ....

mandated adoption is good for large buyers that can force small suppliers to adopt” (Curtin

et al. 2007, p. 92).

Apart from the above-mentioned pressures, according to institutional theory,

organisations strive for power and social recognition (DiMaggio and Powell 1983). The

importance of social connectedness within institutional theory was explained by Scott
(1987) who stated that “ institutionalisation is better viewed as the social process by which

individuals come to accept a shared definition of reality” (p. 496). Institutional theory
identified three mechanisms that lead to organisational changes addressing to a particular

external environmental issue; coercive pressure, mimetic pressure, and normative
pressure. The coercive pressure, here, has been discussed under the government, market,
and competitive pressure.

Government pressure: Studies found that, in many case, organisations adopt technology
due to environmental pressure such as government policy and legislation (Teo, Tan et al.
1998; Lee and Shim 2007). Government regulation can either encourage or discourage the
adoption of innovation (Scupola 2003a, b). Moreover, government mandate can speed up

the rate of RFID adoption. Shih et al. (2008) considered government policy/legislation as
one of the leading challenges for RFID adoption. More specifically, Luo et al. (2007) argued
that government mandate can speed up the rate of RFID adoption.

RFID-based cattle identification is a legal requirement in Australia, regardless of the

purpose of keeping the cattle; whether for commercial or domestic purpose7. The
government here has a strong stand against any resistance to it. As an example, the Stock

Inspector in the Department of Agriculture and Food, WA (DAFWA) does have a random
7 Different States has its own laws. In Western Australia, RFID is not mandatory for the cattle those go to

the abattoirs or into the sheep directly from the birthplace.
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attendance at sale yards and abattoirs to monitor compliance of incoming stock and on
average issues 30 warnings per month. But an exception is made “successful prosecution

was achieved in February 2009 against a producer who had repetitively ignored NLIS
requirements” (Green 2009). In NSW, farmers face heavy fines if they move cattle from

their property without the RFID tags, and “if cattle aren’t tagged they won’t be sold through
the saleyards or abattoirs” (ABC 2005). Additionally, as an illegal transaction, a $550 on-

the-spot penalty notices are given, or a maximum of $11,000 if prosecuted (Reynolds
2005).

Market pressure: The relationship among supply chain stakeholders is a key factor for

business success. Usually, the powerful partners introduce and impose a new system while

the small partners need to follow the requirement. Thus a relationship power-dependency
is developed among the market players of a specific supply chain (Hart and Saunders
1997). The power-exercise of Wal-Mart on its suppliers and the dependency of, and thus

responding the business requirement by, the suppliers is a classic example of such power-

dependency relationship. Scholar identified that the power-dependency is an important
aspect of dyadic relationship (Hart and Saunders 1997).

The coercive market pressure is observed when a dominant firm exerts formal or

informal pressures on dependent partner firms (DiMaggio and Powell 1983; Wang, Wang
et al. 2010). A dominant firm that controls scarce and important resources may demand

that dependent firms adopt programs that serve the dominant firm’s interests. When
dependency is high, dependent firms may have to comply to secure their survival. Interorganisational

Information

System

(IOS)

adoption

literature

found

that

the

coercive/market pressure increased the adoption of IOS (Iacovou, Benbasat et al. 1995;

Hart and Saunders 1997; Chwelos, Benbasat et al. 2001). Researchers also studied the

implication of the power-dependency relationship. They found that complying/noncompliance to the requirement of a partner may result with reward/punishment and

influence adoption pattern. Wal-Mart too exercised this practice. To increase the RFID
adoption they declared that from 2005 to 2007 the suppliers will be fined 20 cent per
pallet and after 2007 they would lose the business if the suppliers do not follow the RFID
guideline. Therefore, the coercive pressure from the resource dominant stakeholder of the

supply chain is a key driver of adoption decision (Bouchard 1993; Iacovou, Benbasat et al.

1995; Teo, Wei et al. 2003). These findings are compatible with RFID context and
researches.
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An ultimate reason to adopt RFID by livestock industry is the increasing market pressure,
and mandates by supply chain partners for RFID-based animal tracking systems (Li and

Visich 2006; Schmitt and Michahelles 2009; Chang et al. 2008). Larger meet exporting
agents follow the pressure of the market and impose it to the meat producers. Therefore,

imposition from trading partners makes the livestock producers to adopt RFID because

they are susceptible to such imposition. Such impositions are prevalent in case of RFID
because of its network nature, like EDI (Iacovou, Benbasat et al. 1995). However, Lee and

Shim (2007) did not find the influence of market pressure on RFID adoption in healthcare
industry.

Competitive pressure/competitive advantage: The terms competition (global and

domestic), market opportunity, competitive advantage, marketing advantage are used as
interchangeable in this study.

Curtin et al. (2007) reminded that “some of the most interesting opportunities in

research come out when technology changes the underlying market equilibrium for inter-

firm competition”. Competitive pressure has been identified as an important determinant
of IT adoption (Kuan and Chau 2001; Zhu, Kraemer et al. 2003). Romeo (1977) reported

that competitive pressure, other factors remaining same, increases the likelihood to adopt

innovative technologies among the organisations (Link and Bozeman 1991; Lee and Shim
2007) and also increases the rate of diffusion. Similarly, empirical studies found that
market competition positively influences the rate of technology adoption (Levin, Levin et

al. 1987). Similarly finding is also observed in RFID studies; market competition increases
the organisational incentive to adopt RFID in order to maintain their competitive positions
(Huyskens and Loebbecke 2007; Chang et al. 2008; Wang et al. 2010). Therefore,

competitive pressure is considered as one of the most studied environmental variables in
innovation-adoption literature (Closs and Xu 2000; Power and Simon 2004).

Premkumar and Roberts (1999) showed that competitive pressure is a significant

factor in adopting new technologies for small businesses. Larger retailers and also small
farms keenly aware of what competitors are doing, with respect to new IT tools or

technology that may provide competitive advantage (Brown and Russell 2007). One of the

main sources of external pressure to adopt RFID is the pressure from the fierce
competition. As more countries and competitors are becoming RFID-enable, livestock

farms in Australia are more inclined to adopt RFID in order to maintain their own
competitive pressure, though Brown and Russell (2007) did not find so.
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However, in general, adopting RFID at a farm level to identify cattle does not

ensure the competitive advantage in national market as all competing producers have

adopted RFID (Riggins, Kriebel et al. 1994). However, as a “competitive necessity” they
cannot discontinue either as they are in a “hook-up-or-lose-out” position (Curtin et al.

2007). Currently, nonetheless, some of the supermarkets in Australia are showing interest
on RFID traceability. On the other hand, adopting RFID by sheep farmers would offer
remarkable competitive advantage (SheepCRC Unknown).

Mimetic pressure: Scholars stated that mimetic pressure is generally caused by

uncertainty. Firms may choose to copy another firm(s) if it is unsure about its certain
practices (Zsidisin, Melnyk et al. 2005; Barratt and Choi 2007) perceiving that the

successful firm(s) has responded in a defined manner (Teo, Wei et al. 2003). Livestock
farms may experience mimetic pressure if they perceive that their competitors are gaining
benefits from RFID and/or are treated differently by the customers.

Normative pressure: Similarly, as a social recognition or as a social commitment, some
organisations may undergo normative pressure. As a component of ‘isomorphism’,

normative isomorphism described “the collective efforts of groups to professionalise
practices” (Barratt and Choi 2007, p. 571) through trade union or professional

associations, for example. Normative pressure describes the organisational attempt to

make it available at the social stage. Firm may try to get involved in the social associations
and/or put effort to get recognised as a leader or so. It is not always necessary for the firms

to join associations but the normative pressure inspires the firms to do so. Similarly, they
may find that it embarrassing not to respond to the external environmental requirement.

Similarly, some firms want to take and show its leading role in the society. Financial
response to a natural disaster in a developed country by a least-developing country is an
example of such normative pressure. Normative pressure can be resembled with
individual’s subjective norm. The rationale for a direct influence of subjective norm on

behavioural intention lies on the assumption that people may intend to adopt an
innovation if they perceive that one or more referent groups expect them to use even if

they are not convinced with the innovation (Venkatesh and Davis 2008). However,

scholars argued that subjective norm has an influence on the intention to use only when
the adoption is voluntary (Hartwick and Barki 1994; Venkatesh and Davis 2008). On other

words, subjective norm does not have direct effect on intention in a mandatory setting

(Davis 1989; Venkatesh and Davis 2008).
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3.4.1.2 External support
Allahyari (2008) stated that there must be a continuous flow of information about the new
technologies and innovations that are useful to the farmers in order to achieve a

sustainable agriculture. Such information mainly is contributed by the external agents to
the farms. (Hanson, Kauffman et al. 1995) stated that lack of information is the major

problem in agricultural adoption.

External support can be defined as the support from the external bodies to inspire the
adoption of an innovation (Premkumar et al. 1997). External supports may come from

various sources including government, vendor, manufacturers, technology associations,
and professional bodies. Many livestock producers may not have the internal expertise to
trial and implement RFID projects, and would thus rely on external providers (Lee and

Shim 2007). The providers can supply application-specific information, resources; assist in

developing RFID setup; and provide support on troubleshooting.

Farmers mostly depend on the neighbouring farms (Birkhaeuser, Evenson et al. 1991;

Hanson, Kauffman et al. 1995) and the government agencies. The adoption and extension

of agricultural innovation, therefore, mostly depends on the availability and accuracy of

information from these farmers (Hanson, Kauffman et al. 1995). Similarly, if the

neighbouring farms perceive that the innovation does not yield benefits as expected,
negatively effects the adoption decision of an individual farm. Brown and Russell (2007)

argued that many organisations may not have the internal technical expertise to test and

implement RFID systems and thus would tend to rely on the availability of external
assistance.

Government support: Government is treated as an important environmental actor for

technology adoption (Lin and Ho 2009b) which can play an important role in adoption
process. Government can play an important role for an innovation adoption-diffusion

through information provision, research and development policies and facilities (Kettinger
1994), incentives (Luo, Tan et al. 2007), building and enhancing the infrastructure
(Goldsmith 1990; Scupola 2003a, b), conducting pilot projects, provision of tax-breaks, and

providing consultancy and counselling service. Government also can provide financial
incentives, and pilot projects to stimulate technological innovation (Lin and Ho 2009a).

Without government action, it would be more risky for the individual farms to make
decisions to adopt new technologies and processes (Kemp 1993). For instance, the US

Department of Defence is paying for the costs incurred in complying with the mandate
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(White, Johnson et al. 2008). Similarly, Swedberg (2007a) reveals that, government
support has made the tagging of animals and food products commonplace in some
unexpected areas, such as Botswana and Uruguay.

Vendor support: Vendor support on relevant technology is considered as an important
factor that matters to potential adopters (Huyskens and Loebbecke 2007). Many livestock

producers may not have the internal expertise to pilot and implement RFID projects, and
would tend to rely on the availability of vendor support (Brown and Russell 2007).

Therefore, vendor support is treated as an integral factor for the adoption-diffusion for a

technological innovation.

3.4.1.3 External uncertainty
External uncertainty can be defined as the uncertainty caused by external sources. In an

RFID business-environment external uncertainty is the result of customer-producer

miscommunication, inability to predict the demand of RFID data, adopters’ concern of

replacing RFID with a better technology, and changing customers’ need and preference
(Lee and Shim 2007; Schmitt and Michahelles 2009). Kimberly and Evanisko (1981)

concluded that the environmental complexity and environmental uncertainty would
influence the organisational innovation for hospitals.

Ettlie and Bridges (1982) identified that no studies made a clear distinction between
perceived versus actual external environmental uncertainty. They also questioned about

whether the relationship between organisational innovativeness and environmental

uncertainty is recursive; does firm’s innovativeness cause uncertainty? They also pointed
out what are the qualitative difference between various causes of perceived environmental
uncertainty and the impact of these causes. As they example, two firms could perceive a

same level of environmental uncertainty but one is from the market and other from the

government. The impact of these two different sources of uncertainty may not be the same.

In the context of this study, government might not predict any uncertainty but the farms
could.

The controversial relationship between external uncertainty and innovation

adoption is yet to be decided. Literature found that uncertainty increases organisations’
incentive to adopt new technologies (Zhu et al. 2003) and RFID (Lee and Shim 2007). A

number of innovation diffusion studies have reported that uncertainty in the external

market environment have a positive effect on IT adoption decisions (Kamien and Schwartz
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1982; Hannan and McDowell 1984; Chau and Tam 1997). Literature found that

organisations would pay more attention on innovation when they faced environmental
instability and chaos (Kimberly and Evanisko 1981; Gatignon and Robertson 1989;

Patterson, Grimm et al. 2003; Miles and Snow 1978). The main argument of these studies is
that, to maintain or enhance its competitive edge, in general, organisations explore new

innovations when they face vigorous market uncertainty (Chau and Tam 1997). Likewise,

demand uncertainty trends to increase firm’s incentive to adopt new technologies (Zhu et

al. 2003; Zhu and Weyant 2003). Lee and Shim (2007) found that market uncertainty

drives RFID adoption, and therefore Jon and Delbecq (1977) hypothesised that
“environmental uncertainty will be positively related with organisational innovativeness
(initiation, adoption, and implementation)” (p. 32).

However, others argued that uncertainty negatively influences the adoption of

innovation (Chau and Tam 1997) and RFID technology (Schmitt and Michahelles 2009). A

similar finding was explored by Damanpour (1991); an environment with higher

uncertainties would have positive influence on the organisation’s decision to adopt an
innovation. Whang (2010) found that the uncertainty of RFID technology make the

adoption decision more difficult and hinders its adoption. In this current context, if the
prospective adopters find that the markets do not guarantee the demand of RFID data for a
reasonable duration and/or are uncertain that a new technology will replace RFID soon,
they would not adopt RFID.

3.4.2 Organisational Factors

Tornatzky and Fleischer (1990) argued that organisational factors are extremely relevant
and must be considered in any organisational innovation adoption research. RFID is

obviously an innovation. Organisational characteristics have a significant effect on the

adoption of technical innovations. Tornatzky and Klein (1982) formalised that, in TOE
framework, the organisational characteristics refer to those variables that affecting the

organisational structure that the organisation could adjust or change to suit its change
environment. However, these factors can be grouped into organisational resource and
management factors.

3.4.2.1 Organisational resource
A complex and expensive technological innovation like RFID needs strong resource-base.

RFID adoption and integration-depth comes with the availability of financial, technological,

55

and human resources of the farm (Huyskens and Loebbecke 2007). Social Cognitive
Theory (SCT) emphasised on resources that need to adopt an innovation “...People will not

adopt innovations even though they are favourable disposed toward them if they lack the

money, the skills, or the resources that may be needed. The more resources innovations
require, the lower their adoptability” (Bandura 2001, p. 290). Hence, resources are of many

kinds including financial, slack, technical, and human resources. Financial resource is
considered as one of the most important variables for technological innovation adoption

(Iacovou, Benbasat et al. 1995) which is required to pay for the technology costs including
implementation, integration, and on-going costs (O'Callaghan, Kaufmann et al. 1992;

Iacovou, Benbasat et al. 1995). The availability of technical resources, like RFID

components and technical know-how, too are critical for RFID adoption. RFID projects
require technical expertise to address the implementation and maintenance challenges.
Technical expertise can be of any form such as IT expertise (Ranganathan and Jha 2005;

Sharma and Citurs 2005), farm operational expertise, and management expertise. IT
expertise is required to customise the software, and/or to develop software, implement

RFID projects, and maintain the operations (Brown and Russell 2007). Organisations

without technical expertise possibly perceive the innovation as too complex (Premkumar

and Roberts 1999). Farm operational and expertise is necessary to incorporate and

integrate necessary farm features into an RFID system which sometimes need cross-

functional teams (Hoske 2004; Kinsella 2003). It is more likely that a farm with sufficient
technical expertise will be more inclined to adopt RFID (Lee and Shim 2007). Similarly,

organisations with slack resources are likely to be interested in trying new things though
Tornatzky and Fleischer (1990) argued that slack resource is neither necessary nor

sufficient but nice to have. Moreover, organisations require human resources to use other
above-mentioned resources. It is the degree of availability of quality human resource. An
organisation with better quality of human resources such as better education will have

higher ability to understand a technological innovation and therefore increases the
likelihood of its adoption (Lin 2009).

Among the organisational factors ‘organisation size’ is treated as one of the most

powerful variables and the most supported variable in literature (Patterson, Grimm et al.
2003; Spencer 2003) which facilitates innovation adoption (Tornatzky and Fleischer 1990;

Damanpour 1992; Grover 1993; Premkumar and Roberts 1999) because large

organisations have greater resources to experiment and implement with innovation and
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have greater ability to afford risks and costs (Thong 1999). Organisational size was found
to be an important determinant for the adoption of EDI (Iskandar, Kurokawa et al. 2001),

open systems (Chau and Tam 1997), and electronic markets (Palmer 2004). Especially for

larger and expensive technological innovations, organisational size influences the adoption
because of occupying required financial resources (Wang et al. 20101) and technology

know-how (Kimberly and Evanisko 1981) to test a technology on a pilot basis (and to back

up

the business-process-reengineering)

which would

later be converted

into

implementation (Grover and Goslar 1992). Larger organisational size also assists to reach
to the viable/profitable economies of scale. Interestingly, Zhu et al. (2006a, b) found that

organisation size and e-business usage in negative correlated. They argued that large

organisations might be burdened by structural inertia in using technology and a corporate-

wide adoption of an innovation is more challenging than adoption by a small unit. Ettlie
(1983) posits that smaller firms are more innovative. In the agricultural context Feder and

Umali (1993) found that larger farms adopt a technology and use it in every possible
applications whereas smaller farms adopt the “divisible technologies to a limited extent”.

It is also perceived that, to implement a technological innovation like RFID,

organisations need to build a strong knowledge-base (Brown and Bakhru 2007). For a

technological innovation to implement it is needed to acquire new knowledge and
expertise for installation and ongoing operational management (Brown and Bakhru 2007).

Chau and Hui (2009) mention that, regardless of firm size knowledge about e-Commerce
plays an important role in the adoption decision. However, Iacovou et al. (1995) agree but

state that a higher level of knowledge or expertise about e-Commerce does not guarantee a
higher level of adoption. They argued that knowledge about e-Commerce only affects the

initial adoption decision but not the extent of adoption; and therefore, lack of knowledge is
not an inhibitor for the adoption of an innovation.

3.4.2.2 Management-related factors
Researchers dealing with organisational adoption of innovation consider top management

support as an important organisational characteristic. Studies found that innovationadoption is positively associated with top management support (Grover 1993; Premkumar

and Roberts 1999; Schmitt and Michahelles 2009). Top management can provide a vision,

support, and a commitment to create a positive environment for innovation (Lee and Kim
2007). Scholars argued that top management support is more critical since the
implementation of RFID requires adequate resources, process reengineering, and user
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participation and coordination (Tsai, Lee et al. 2010; Wang, Wang et al. 2010). Moreover,

top management can relay its attitude to various parts of the organisation about the
importance of the innovation and the stand of the organisation.

Organisation-wide readiness is an important factor for RFID adoption (Asif and

Mandviwalla 2005) as organisations must be prepared to make business process changes

(Kinsella 2003). RFID adoption and integration requires organisational readiness (Tsai,

Lee et al. 2010). Firm’s technical readiness (technical competence) implies the availability

of IT infrastructure and IT professional to handle and transfer RFID data (Zhu et al. 2006a,

b) while financial readiness implies the financial preparedness for achieving the
innovation.

Organisational encouragement to use the innovation is also important (Amabile

1988). Organisational innovativeness is significant for RFID adoption and diffusion (Asif

and Mandviwalla 2005; White, Johnson et al. 2008) because an organisation which is
innovative in nature trying new technologies is usually more willing to adopt RFID.
Moreover a cultural willingness to move traditional methods needs to be developed to

ensure implementation (Hoske 2004). The presence of champion is also important for the
adoption of an innovation (Lee and Shim 2007; Schmitt and Michahelles 2009). In the
context of organisational research a champion is a leading organisation (role-model

organisation) that recognises the usefulness and importance of an innovation and

implement the innovation proving the effectiveness of the innovation which indirectly
convinces other organisations’ decision in favour of adopting the innovation (Premkumar,

Ramamurthy et al. 1997; Lee and Shim 2007). Firm’s risk attitude is also vital. Especially in
agricultural farms, risk has been considered as a major factor reducing the rate of adoption

of an innovation (Tsur, Sternberg et al. 1990; Feder and Umali 1993). Empirical studies

found that by nature, most of the farmers are risk-aversive (Binswanger 1980; Bond and

Wonder 1980; Bardsley and Harris 1987). The common concept in agricultural studies
posits that risk aversion and innovation adoption are inversely related. However, Tsur et
al. (1990) modelled that risk aversion positively affects adoption.
3.4.3 Technological Factors

Technological characteristics of an innovation are the main focus in many relevant theories

and are related to the technological variables of an innovation. Technological
characteristics are suggested as perceived characteristics (Tornatzky and Fleischer 1990)
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and also are referred to as ‘innovation characteristics’ in some studies on organisational
adoption (Rogers 1995; Premkumar and Roberts 1999).

Rogers’s perceived innovation attributes (relative advantage, compatibility, complexity,

trialability, and observability) are considered as the basis of technological characteristics

which are adapted in the TOE framework (Tornatzky and Fleischer 1990) and are used to

explain the user’s adoption and decision-making process (Wu and Wang 2005). Prior

researches suggested that compatibility, complexity, and relative advantages are more

consistent for the adoption decision of an innovation (Tornatzky and Klein 1982; Agarwal

and Prasad 1998; Jeyaraj, Rottman et al. 2006) as also for RFID adoption (Roh, Kunnathur

et al. 2009; Schmitt and Michahelles 2009; Tsai, Lee et al. 2010). Additionally, costs and
standards are found as important for RFID adoption (Schmitt and Michahelles 2009).

3.4.3.1 Complexity
Complexity “is the degree to which an innovation is perceived as relatively difficult to
understand and use” (Rogers 1995, p.242). The degree of complexity indicates how
difficult it is to understand, implement, and to use the innovation or new technology

(Rogers 1995). The higher the complexity of an innovation the lower is the possibility of

accepting the innovation by an organisation. The perceived complexity of an innovation is
a widely accepted variable for innovation adoption. A complex innovation like RFID
involves different levels of technical, operational, and managerial complexity, depending
on level of RFID-use (Brown and Russell 2007). Literature found that complexity is

negatively associated with innovation adoption and the rate of adoption of an innovation
(Tornatzky and Klein 1982; Premkumar, Ramamurthy et al. 1994; Rogers 1995;

Premkumar and Roberts 1999) and thus for RFID adoption (Schmitt and Michahelles
2009).

3.4.3.2 Compatibility
Compatibility “is the degree to which an innovation is perceived as compatible with the
existing values, past experience, and needs of potential adopters” (Roger 1995, p. 224). In

the context of RFID, compatibility refers to the degree to which RFID technology is

perceived to be consistent with an organisation’s needs, intent, infrastructure, and
practices (Premkumar and Roberts 1999; Teo, Chan et al. 2004). Compatibility has been

accepted as an important predictor of an innovation adoption (Cooper and Zmud 1990;

Zhu, Kraemer et al. 2006) and the usage of a new technology by an organisation. High
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compatibility has been considered as a facilitator for innovation adoption (Cooper and
Zmud 1990). Adoption diffusion studies found that an innovation which is more

compatible is treated to be “less uncertain” by the prospective adopters and attracts more
quick adoption. Similarly, Premkumar et al. (1994) illustrated that a compatible IS leads to
greater integration within a firm and with supply chain partners which results greater
implementation success.

Compatibility is more important in RFID context as RFID systems need to be

consistent worldwide; especially when tags are interrogated in different countries (Moon

and Ngai 2008). Scholars argue that a compatible and flexible RFID system would increase
RFID adoption (Schmitt and Michahelles 2009). Wang et al. (2010) argued that, the simple

replacement of existing system by RFID technology does not guarantee the successful

adoption of RFID because RFID system needs to be integrated with current processes and
thus the compatibility issue with existing system is vital for RFID adoption.

The

compatibility issue is manifold. A reader designed to transmit and receive at a specific

range of frequency cannot transmit and receive signals at a different frequency range. RFID
readers and tags vary in their read consistency at different levels and types of application

and objects (Chen, Wu et al. 2008). This type of incompatibility restricts the universal use

of the RFID in a complete supply chain. Therefore the readability issue becomes very

critical where compatibility between RFID readers and tags is critical. Similarly, the data

provided by the RFID system needs to be compatible with the business’s existing system.
This is often termed as ‘interoperability’ (Chen, Wu et al. 2008) where the compatibility of

data among partners’ business systems is essential to have an effective information system.

(Shih, Chiu et al. 2008) emphasised that without interoperability between different RFID

systems, the potentials of RFID technology could never been realised and utilised.

3.4.3.3 Trialability and divisibility
Trialability “is the degree to which an innovation may be experienced with on a limited

basis” (Rogers 1995, p. 243). On the other hand, divisibility is the degree to which an

innovation can be partitioned to allow rapid trial. Hence, trialability and divisibility are

complementary to one another. Trialability and divisibility are important attributes of
innovation that affect the adoption decisions of both individuals (Rogers 1995) and
organisations (Zaltman, Duncan et al. 1973).

Leonard-Barton (1988) argued that the ability to reverse an adoption-decision

allows flexibility of the innovation and lessen commitments which enable the adopters to
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adjust the innovation; an individual or an organisation “will more readily adopt an

innovation that can be adopted piecemeal” (Leonard-Barton 1988, p. 613). Rogers (1995)

found that “innovations which can be tried on the instalment plan are generally adopted

more rapidly than innovations that are not divisible”. Divisibility is thus considered as an

important implementation-characteristic of an innovation which allows the adopter to

avoid the hazards of trying to do “too much to fast” (Ettlie 1986, p. 80) or of starting too big

(Rogers 1995).

Trialability permits the prospective adopters to try the innovation before actually

implementing the system. During the experiment stage if they find the innovation is as
useful as expected the adopters become convinced to adopt the innovation. Moreover,

during the trial stage, the operations and results can be observed by the potential adopters
which may also affect their adoption decision. Therefore, the trialability characteristic of an

innovation also offers the observability of the innovation. Rogers termed observability as
the “degree to which the results of an innovation are visible to others” (p.244). Rogers

postulated that the results of an innovation can be observed and communicated to others.

Moreover, the trialability offers the potential adopters to make themselves confident
adopting and using the innovation. Some innovations are difficult to be divided into trials
and are adopted in a slow rate (Rogers 1995).

Discussing the nature and effect of divisibility and trialability it is coherent to study these
two variables as a single construct.

3.4.3.4 Cost
Cost is proved as a very strong inhibitor of technology acceptance and use (Tornatzky and
Klein 1982). IS studies found a similar effect on open systems (Chau and Tam 1997), EDI

(Premkumar, Ramamurthy et al. 1997), and Internet (Zhu, Dong et al. 2006). Like other

technological innovations RFID is perceived to be an expensive system. Wu et al. (2006)
argued that “costs remain the largest impediment for the widespread adoption of RFID”.

Though the basic cost of RFID is just the costs of RFID tags but an integrated system

involves the costs with RFID readers, software, implementation, business processes re-

engineering, operation, and maintenance (Finkenzeller 1999; Kinsella 2003; Levinson

2004; Ngai and Gunasekaran 2009). The cost of RFID tags, especially, is perceived as one of

the most significant inhibitors for RFID adoption (Roberti 2003; Brown and Russell 2007;

Schmitt and Michahelles 2009; Tsai, Lee et al. 2010). Most studies are, therefore, mostly
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concerned with RFID tags’ cost and argues for cheaper tags (Sharma and Citurs 2005;

Sharma, Citurs et al. 2007; Schmitt, Michahelles et al. 2008). It is true, that to respond to

mandates, most of the firms and farms need only the tags- “slap and ship policy”. However,

larger integration needs RFID readers and software. Also the associated cost for RFID

implementation, operational and maintenance are considered as the most significant
inhibitors for RFID adoption.

The costs of RFID are continuing to decrease and the technology is maturing (Shih,

Chiu et al. 2008; Vijayaraman, Osyk et al. 2008). The reduction of RFID tags is a “chicken

and egg” problem (Curtin et al. 2007). Very often the tag manufacturers claim that the price

of RFID tags would be reduced if they receive a vast amount of order. Supporting the
manufacturers the researcher also predict that the key to reduce RFID cost is to increase

the volume of demand (Wu, Nystrom et al. 2006). Therefore, in general, the growth of RFID

adoption is believed to be the most effective factor to reduce tag price. On the contrary,
numerous researchers found that cheaper tags will increase RFID adoption significantly
(Schmitt and Michahelles 2009).

3.4.3.5 Standard
Another major issue is standardisation of the technology. Currently there is a lack of

industry-wide global standards for RFID applications. It is stated that “the biggest

stumbling block for the technology is a lack of standards” (cited in Roberti 2003). Ngai and

Gunasekaran (2009, p. 2) stated that “it is no doubt that the adoption of official standards,

enabling interoperability between applications or devices, can significantly accelerate the

adoption of RFID technology”. Studies found that most supply chain organisations are
reluctant to adopt RFID because of the absence of pervasive and global RFID standards
(Asif and Mandviwalla 2005; Wen, Zailani et al. 2009; Tsai, Lee et al. 2010).

RFID industry has been mainly using two different standards: one being developed

by the International Standards Organisation (ISO) and the other us the Electronic Product

Code (EPC) system which is being commercialised by EPCglobal (Ngai and Gunasekaran

2009). However, organisations experimenting with RFID technology have developed their
own standards with regard to tag language, frequency at which they operate, and read

distance. Currently, there are hundreds of standards being developed by those interested

in RFID (Jones, Wyld et al. 2005). Therefore, a chaotic situation arises when a product is to

be read by another company. Whereas, firms need to read RFID data and communicate
product-information down to the individual item level, which makes standards among
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supply chain partners critical (Shutzberg 2004). Standards are an important element of

managing data quality, as firms increasingly rely on data-driven technologies (Parssian,
Sarkar et al. 2004).

Standardisation is nothing but setting up a common language so that the reader

and the tag can communicate each other without having much difficulty. Standardisation is

an essential condition for interoperability of RFID system especially when the tags are
interrogated into different countries (Moon and Ngai 2008). RFID standard also acts as a

driver for cost reduction (Juban and Wyld 2004; Sharma and Citurs 2005; Cheng and Yang

2007) thus critical for adoption as lack of standard is considered as one of the main
inhibitors of RFID adoption (Brown and Russell 2007; Schmitt, Michahelles et al. 2008).
3.4.4 Expectation

Roh et al. (2009) argued that though the external pressure enforces many organisations to

adopt RFID technology but the benefits expected from RFID adoption is a significant
driving factor influencing firms’ adoption decision. An empirical study by Tellkamp,
Wiechert et al. (2006) reported that supermarket retailers adopted RFID primarily because

they expected benefits from RFID. Thus, along with Roh et al.’s study (2009) this research
emphasises on the benefits that farms expect from the adoption of RFID technology.

Expected benefits have been considered as the most influential driver for RFID

adoption (Mehrtens, Cragg et al. 2001). Roh et al. (2009) considered that expected benefits

are the anticipated advantages that an innovation can provide. They mentioned that

“expected RFID benefits ... are the recognition of the relative advantages that RFID
technology can provide an organisation” (Roh, Kunnathur et al. 2009) and individuals.

Wu et al. (2006) stated that “expectations of RFID benefits can be broken down into

two parts: cost reduction and value creation”. The cost reduction can be viewed as a direct

operational benefit while value creation is an indirect (intangible) benefit (Roh et al. 2009).

The cost reduction can be achieved by reducing labour costs, inventory costs, etc. (Curtin et
al. 2007). Value creation is expected by increasing revenue, increasing customer

satisfaction due to responsiveness, and anti-counterfeiting (Wu, Nystrom et al. 2006).

Various studies have identified expected benefits of RFID adoption including inventory
control, reduced labour costs, reduced shrinkage; to report just a couple from a list
consisting many benefits.
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3.4.5 Adoption
Adoption is “a decision to make full use of an innovation as the best course of action

available” (Rogers 1995, p. 21). This definition is somehow controversial for the notion of

‘full use’ in the adoption process. The adoption is actually a combination of decision to
adopt an innovation and the implementation (or practical use) of the innovation.
Compatible with this definition other researches also emphasised on the first time real-use

of an innovation.

RFID adoption is not merely a decision but includes a process which ideally should

follow well-defined and customised procedures. The analysis for RFID adoption should

cover the within firm, firm-to-firm, firm-to-market, and firm-to-industry levels of analysis

(Curtin et al. 2007). The analysis should also be based on the different incentives,
perspectives, and potential actions of adopting RFID.

Traditional adoption-theories are silent explaining how the adopters go to the next stage of

adoption (e.g., continued use) and to further ‘innovative’ applications of the innovation
(e.g., extended use). Bhattacherjee (2001a, b) argues that the continued usage behaviour is

different from, and possibly more important than its initial adoption because many

adopters can initially be driven by mandatory pressure but may discontinue its use in a
later stage or choose different levels of usage, depending on their own judgment.
Moreover, unlike the adoption of an innovation in a voluntary arrangement, RFID adoption
at organisational-level often is of a compulsion type, with a varied degree of coercion. Thus

the theories like IDT, TRA, TPB, TAM, or UTAUT cannot explain the RFID adoption process

entirely as those theories deal mostly with the voluntary adoption process considering the
role of ‘belief’ on ‘attitude’. In a mandatory environment, as because the adopters’ decision

is influenced by the obligatory requirement, the adopters ‘expect’ some positive outcomes

from the innovation rather than solely rely on the ‘perceptions’ about the characteristics of

that innovation. Whitaker et al. (2007) stated that the “unfortunate” suppliers/producers

who are “forced” to adopt RFID technology and had to bear the costs of RFID because of a
partner mandate expect an early return on their RFID investments. Mills (2005) clarified
that expectations are the reference points that a customer has before s/he experience a

service while perceptions are the reference points that are formed after the service has

been delivered and consumed (Zeithaml and Bitner 2003). Therefore, expectations are the

anticipation or predictions of the likelihood of occurrence about a future service encounter
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(Walker 1995; Mills 2005). Moreover, adopters compare their anticipated outcomes

(expectation) with usage experience and decide how far their expectations are met

(confirmation). Hence, their intention to continued use is believed to be more dependent

on performance evaluation rather than on ‘belief or ‘perception’ toward the innovation.

Therefore, to investigate the future of RFID, it is essential to study the satisfaction criteria
and satisfaction-level of RFID use. In doing so, the Expectation Confirmation Model (ECM)

has been introduced into this study. It is worthwhile to mention here that ECM alone is not
sufficient to explain the RFID adoption and continuance intention as ECM “focuses only on
post-acceptance variables” (Bhattacherjee 2001a, p.355).

Rogers (1995) identified ‘confirmation’ as the stage where the adopters can justify the
initial adoption decision and then choose the breadth and depth of innovation use. Cooper

and Zmud (1990) argued that the extent of innovation use is much important than the

initial adoption. The extent of use is conceptualised as the combination of breadth and

depth of use. The breadth of impact is measured by the number of workgroups,

departments, and/or individuals that adopt it (Gallivan 2001). Alternatively, the depth of
impact is more an intangible concept which explains the degree to which the innovation
reaches into and changes existing processes and organisational routines (Swanson and
Ramiller 1997; Gallivan 2001). The routinisation (Tornatzky and Fleischer 1990) or

infusion (Cooper and Zmud 1990) is, therefore, imperative for complete assimilation of an

innovation. Bhattacherjee (2001a) argues that the continued usage behaviour is different

from, and possibly more important than its initial adoption because many adopters can

initially be driven by mandatory pressure but may discontinue its use in a later stage or
choose different levels of usage, depending on their own judgment. From the perspective of

adopters past experience with using a technology can significantly influence their intention
to continue its use, and in some cases may motivate to extend it use (Anderson and
Sullivan 1993).

3.5 CONTIUNANCE THEORIES
Consumer satisfaction (CS) is a fundamental and crucial concept in marketing studies since

the early 1950s to the modern era. CS has been studied extensively and often been treated
as the single most important construct that determines consumers’ subsequent behaviour
(Oliver 1999). The real intention of the researchers over the years is not to evaluate CS but

to study the underlying rationale for customer retention; because it is believed that the
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more satisfied the consumers are, the more loyal they will be which in turn develops a
more likelihood of repurchasing that product/service. While dissatisfied consumers, either

discontinue its use or find a substitute product/service or both. Question remains as to
why the repurchase intention is that important? Because, it is evident that acquiring new
customers may cost as much as five times than retaining existing ones; which justifies that
satisfying customer needs is the key to generate customer loyalty and ultimately to retain

the customers. Therefore, exploring the antecedents and measurement techniques of

satisfaction is vital in marketing research. To study consumer satisfaction and their
repurchase intention, Expectation–Confirmation theory (ECT) has been used extensively as
one of the primary theories in marketing literature.
3.5.1 Expectation Confirmation Theory (ECT)

It is believed that consumers’ overall satisfaction or dissatisfaction forms their postpurchase intention; whether to complain, repurchase, not to purchase, or a combination of
any. Therefore, measuring satisfaction accurately is very important because, based on

consumer-satisfaction study companies can predict consumers’ behaviour and then deploy

necessary marketing strategies. Marketing literature has gone beyond the traditional
satisfaction-related research and developed extended models which take other factors,

such as emotions, into account (Oliver 1993; White and Yu 2005). Among those,

theoretically and empirically, Expectation–Confirmation Theory (ECT), also known as

Expectation–Disconfirmation Theory (EDT), is believed to provide an explanation on

consumers’ repurchase intention. ECT is thus widely used in the marketing area,

particularly in consumer behaviour literature, to study consumer satisfaction and postpurchase intention (Oliver 1980a; Oliver 1981; Anderson and Sullivan 1993; Oliver 1993;

Patterson and Spreng 1997; Dabholkar et al. 2000). In the marketing literature, ECT has

been used to demonstrate the repurchase intention of the consumers for many different
products and services including durable and nondurable products (Churchill and

Surprenant 1982), automobile repurchase (Oliver 1993), restaurant service (Swan and
Trawick 1981; Kivela et al. 1999), camcorder repurchase (Spreng et al. 1996),

photographic products (Dabholkar et al. 2000), and business professional services

(Patterson and Spreng 1997). ECT has also been used in other research areas including

sociology to measure the satisfaction level of, for example, the citizens with actual
performance of police in USA (Reisig and Chandek 2001), in public policy area to evaluate
citizen satisfaction with urban services (Ryzin 2004) or even in social psychology
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explaining the development and maintenance of prejudicial attitudes and accompanying
social stereotypes (Stangor and Ford 1992).

ECT framework, see Figure 3.1, originally in marketing, demonstrates that consumers
reach a repurchase intention in the following manner (Oliver 1980a). First, consumers

form initial expectation about a specific product or service prior to purchase; mainly based

on prior experience and existing knowledge (Zeithaml and Berry 1990) as well as through
interactions with different members of the communication channels (Rogers 1995). By

means of mass-media channels, consumers acquire product information/ knowledge

through advertising, package information, media reports, and media interviews.
Interpersonal communication channel includes personal selling, feedback from prior users,
advice from opinion leaders, and formal or informal discussions among peer consumers

(Premkumar and Bhattacherjee 2008; Rogers 1995). For a same product, the quality of
expectations, therefore, may vary across consumers (Tse and Wilton 1988) depending on
the quality and reliability of the communication channel and/or information source.

Unrealistic expectations can be generated because of wrong and misleading information
and by lack of product knowledge. For example, based on the product information, a
consumer may perceive the performance level of the product (Boulding et al. 1994; Oliver

1980a), but if the information itself is misleading or overstating, the expectations will be
unrealistic, which would affect the whole satisfaction-intention process (Spreng et al.

1996). Second, if they perceive the product as useful, they accept, purchase, and use it.

Following a period of initial consumption, they form perceptions about its performance.
Third, they assess the perceived performance of the product/service based on their initial
expectation and determine the extent to which their expectation is confirmed

(confirmation, also called as disconfirmation). If the product performs better than expected

(i.e., perceived performance is greater than expectation), a positive disconfirmation is
expected to occur. Alternatively, if the consumers’ evaluation about the product falls below
the expectation (i.e., perceived performance is less than expectation), a negative

disconfirmation occurs. And of course, if the product performance just matches with the
expectation a “simple confirmation” is expected to occur. Fourth, they form a level of

satisfaction based on their confirmation level and expectation on which that confirmation
was based upon. Positive disconfirmation (performance > expectation), even simple

confirmation (performance = expectation) strengthens consumers’ attitude toward the

product and forms a sense of satisfaction (Oliver and DeSarbo 1988; Erevelles and Leavitt
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1992). However, negative disconfirmation (performance < expectation) leads to weaken
the positive attitude toward the product and form a sense of dissatisfaction. Finally,

satisfied consumers might form a repurchase intention while dissatisfied users might

discontinue its subsequent use and/or search for a substitute product. Studies also find
that dissatisfied consumers would still repurchase due to lack of alternatives, convenience,

etc. (Brady and Cronin 2001; White and Yu 2005). Furthermore, a number of satisfied

consumers may still not repurchase (Reichheld 1993).
Expectation

Confirmation

Satisfaction

Repurchase
Intention

Perceived
Performance

Figure 3.1. Expectation Confirmation Theory; adapted from Oliver (1980a)
Limitations of ECT
The fundamental limitation about using ECT in IS studies is the “expectation generation”

processes. In ECT, the process of expectation generation is derived from expectancy theory

(Tolman 1932, p. 359). Expectancy theory is also used by Oliver and Winer (1987) and
Oliver and Burke (1999) in proposing the “expectancy disconfirmation with performance

model.” In line with these studies, literature finds that expectation can be generated from
many sources including prior experience, desire, attitude to a particular product/service,
and both personal and commercial communications. For a consumer product, even without

having any specific and defined expectations, a customer may intend to and purchase a

product. The same thing might happen to mandatory IS users (Khalifa and Liu 2004). But

generally, it is quite unlikely to purchase an IS product/system without having a set of

expectations. To make the things even more complicated, the novelty element of IS may
cause to form a distinguished set of expectations which vary significantly from user to user
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(e.g., online shopping). Hence, the traditional ECT has the limitation in explaining IS
expectation formation process (Khalifa and Liu 2004). Moreover, ECT mainly focuses on

consumers’ repurchase intention of product/service, dealing with the belief about and

attitude toward a product/service’s attributes or performance (Olson et al. 1979). It cannot

capture the IS products’/services’ quality factors (system quality, information quality, and

service quality) and hence cannot fully explain the notion of end-user satisfaction of IS

systems (for detail, see Khalifa and Liu 2004).

Also ECT needs to be modified in defining the subject as ECT deals with consumers rather
than with customers (though sometimes these are used interchangeably), as traditionally,

customer

pays

for

a

product/service

whereas

consumer

consumes/uses

the

product/service; though both can be the same person. However, in IS context, it needs to
be the “user.”

Satisfying and retaining the users for Information System (IS) is also important because it

involves numerous costs (including setting up advertising strategies, setting up new
accounts, and initiating new customers) to acquire a new user than retaining an existing
one (Parthasarathy and Bhattacherjee 1998). Therefore, recent research in the IS area has

emphasized satisfaction as a fundamental prerequisite to establish customer loyalty and
continuance usage intention (Shankar et al. 2003). However, Sørebø and Eikebrokk (2008)

argued that satisfaction is a more important factor than IS continuance intention, in a

mandatory environment. However, as IS marketing is different than traditional marketing,
IS researchers adapted the ECT according to the contextual need to quest for user

satisfaction. The most popular modification was made by Bhattacherjee (2001a) who

proposed the Expectation–Confirmation Model (ECM) which is now being used as one of

the most popular models to explain satisfaction and continuance intention behaviour of IS

users.

3.5.2 Expectation Confirmation Model (ECM)

In 2001, Bhattacherjee proposed the Expectation Confirmation Model (ECM) which is now
popularly used to study the IS users’ continuance intention. ECM is a derivation of

Expectation Confirmation Theory (ECT) also known as Expectation Disconfirmation
Theory, originally proposed by Oliver (1980a).

ECM is predominantly concentrated on post-acceptance variables because it posits that

“the effects of any pre-acceptance variables are already captured within the confirmation
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and satisfaction constructs” (Bhattacherjee 2001a, p.355). ECM also emphasised that post-

consumption expectations are more important because expectations are changed or get

modified with time as is often the case of IS use. Therefore, ECM replaced the expectation

construct of ECT by perceived usefulness which has later been changed to post-usage

perceived usefulness as as the perceived usefulness is often misinterpreted and confused

with the pre-usage “perceived usefulness” of TAM. ECM also took the IS context and

renamed the repurchase intention of ECT into continued usage intention. Moreover, and

more importantly, ECM defined confirmation as “the congruence between expectation and

actual performance” (Bhattacherjee 2001a, p.359) and removed the “performance”

construct of ECT because ECM assumes that the influence of perceived performance is

already explained by “confirmation”. ECM posits that an individual user’s intention for

continued use of an IS is dependent on the user’s level of satisfaction and the post-usage
perceived usefulness. Fig. 3.2 depicts the complete ECM.

ECM posits that an individual user’s intention for continued use of IS is dependent on three

variables: the user’s level of satisfaction with the IS product/service, the extent of user’s

confirmation of expectations; and post-usage perceived usefulness. The process by which an

IS user reaches a continued use decision is as follows (Bhattacherjee 2001a). First, after
using an IS product/service for a period of time the user forms a conception of perceived

usefulness, which is expected to be the most salient ex-post factor influencing user’s postacceptance effect (e.g., satisfaction) about that particular product/service. Second, the user

determines to what extent his/her perception of usefulness about that product/service has

been confirmed, by comparing the performance of the product/service to the perception. If
the user finds that the product/service is as useful as he/she perceived, he/she forms a
notion of satisfaction. Finally, satisfied users intend to continue the usage of that

product/service whereas dissatisfied users intend to discontinue the service; though

sometimes they cannot really discontinue because of some external factors (e.g.,

mandatory use). However, users’ perception on usefulness also drives them directly to

continuance intention because when they find a product/service is useful to their needs,

they do not bother to go though the confirmation process, rather they form a direct
intention toward reusing the product/service; and vice versa. Moreover, the confirmation

has an immediate effect on users’ satisfaction as well as a longer-term effect on their postusage usefulness perception (Bhattacherjee et al. 2008).
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Figure 3.2. Expectation Confirmation Model, adapted from Bhattacherjee (2001a)
3.5.3 The Anomalies of ECT and ECM

Notwithstanding their use in multidisciplinary areas to measure customer/user

satisfaction, there is a lot of disagreement and criticism about the definition, relationships,
measurement process, and the inter- and intra-effects of the constructs and variables of

ECT. This section briefly summarizes those anomalies.

The first anomaly is the definition anomaly. Most of the efforts in consumer marketing
research are invested to measure the consumer satisfaction but there is no agreed

definition ever of satisfaction (Rogers et al. 1992). Some scholars tend to define it as the

perception (Oliver 1999; Shankar et al. 2003) or an emotion (Locke 1976; Oliver and Linda

1981) of pleasurable fulfilment of a product/service while others suggest that it is the
evaluation of an emotion (Hunt 1977) as well as the evaluation of certain measures (e.g.,
profit). Similarly, the definition of expectation is not agreed yet (Spreng, MacKenzie et al.

1996). Szymanski and Henard (2001) defined the role of expectation as anticipation and
comparative referents, while Spreng et al. (1996) defined expectation as individual belief

(Bi) about a product’s attributes or performance (Westbrook and Reilly 1983; Spreng,

MacKenzie et al. 1996), or the summation of such beliefs (∑Bi) (Oliver and Linda 1981).

Whereas, mathematically, it is a summation of the multiplication of likelihood of an event

(probability of occurrence) and an evaluation of the goodness or badness of the event

(∑Biei) (Oliver 1980a; Churchill and Surprenant 1982; Tse and Wilton 1988).
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ECT assumes that expectation is relatively a constant construct which takes care of only the

pre-consumption expectations. In reality, expectation changes with time (Bhattacherjee

and Premkumar 2004); the pre-consumption expectations may differ from ‘during’ and
‘post-consumption’ expectations (Oliver and Burke 1999) because consumers’ expectation

is often “coloured” by their first-hand experience. On the contrary, ECM argues that postconsumption expectation (perceived usefulness) is more realistic and should be taken into
account (Bhattacherjee 2001a), completely ignored the pre-use expectations.

It is well accepted that confirmation is a main construct of ECT and ECM and a significant

determinant of satisfaction (Chiu, Hsu et al. 2005; Roca, Chiu et al. 2006, among many), but

the concept of confirmation also is not clear. Studies demonstrated confirmation construct
as discrepancies between prior expectations and actual performance (Oliver 1980a).

Presumably it is the magnitude of the disconfirmation effect that establishes satisfaction or
dissatisfaction decision (Churchill and Surprenant 1982, p. 492; Yi 1990). But in

behavioural science, magnitude does not always guarantee a correct level of measurement.

Moreover, it seems like confirmation does not qualify to be a genuine construct rather is a
measurement step which just calculates the discrepancy between expectation and

performance. Yüksel and Rimmington (1998) argue that the effect of confirmation is

already adequately captured by expectation and perceived performance and hence the

performance dimensions alone can predict behavioural intentions and therefore the
confirmation construct can be deducted from the model (Yüksel and Rimmington 1998,

p.63). However, the confirmation construct is explained in more detail in innovation
diffusion theory (IDT) which argues that confirmation is merely not a measurement step

but is a stage of adoption diffusion. Moreover, other studies emphasised that confirmation

exerts the strongest effect on satisfaction (e.g., Au, Ngai et al. 2002) and hence should not

be underestimated.

ECT holds that consumers’ intention to repurchase a product or service is determined
primarily and solely by their satisfaction with prior use of that product or service (Oliver

1980a; Swan and Oliver 1991; Anderson and Sullivan 1993; Oliver 1993). However,

satisfaction is obviously a primary condition for a repurchase intention, but some other

variables also have direct and indirect effect on repurchase or continuance intention. ECM is
more dynamic to handle this limitation because it includes perceived usefulness as a direct
antecedent of continuance intention. Some other studies include other variables too
including self-efficacy as internal behaviour control (Hsu, Chiu et al. 2004; Bhattacherjee,
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Perlos et al. 2008), trust, enjoyment for the website (Qin 2007; Kang, Hong et al. 2009),

perceived ease of use (Hong, Thong et al. 2006; Thong, Hong et al. 2006), belief, attitude

(Bhattacherjee and Premkumar 2004; Hsu, Yen et al. 2006; Liao, Palvia et al. 2009), and

perceived behavioural control (PBC) (Hsu, Yen et al. 2006; Liao, Chen et al. 2007), among

many others, to form a continuance intention.

However, merely the intention does not drive to decision; instead, along with intention

some other factors also affect the real repurchase/continuance decision (Bhattacherjee

2001a). To examine usage behaviour (not intention), Venkatesh et al. (2003) introduced

facilitating conditions as external control, often called as PBC, though they did not find any
influence on use behaviour, though later Bhattacherjee et al. (2008) did. Some other

significant factors are social norm (Kim 2010), habit, prior behaviour (Limayem, Hirt et al.

2007; Limayem and Cheung 2008), subjective norm (e.g., opinions from important

individuals) and intuitively, prior conditions which includes need, desire, and
innovativeness (Rogers 1995); as more important specially for IS.

On the other hand, an user’s intention as well as decision toward adopting and reusing a
product/service also depends on the organisation factors including available resources

(Mathieson, Peacock et al. 2001), management attitude, personal factors including

knowledge and skill level, financial factors including incentive to reuse the product or

service, positive cost-benefit, value-for money, positive return on investment, and quick
pay-back period and environmental factors including culture, external pressure, and

exposure (Cheung, Chan et al. 2005; Hossain and Quaddus 2010).

Neither ECT nor ECM does explain the continuance intention of a unique product/service.
Without being satisfied consumers may accept and repurchase a unique product/service

that does not have substitute. Similar argument can be applied to a mandatory product or
IS where the consumer/user does not bother to form any sense of satisfaction whatsoever.

Appendix B summarises the IS/IT researches that used ECT and/or ECT and the brief
findings of those studies.

3.6 REVIEW ON EXTENSION LITERATURE
Literature about the extension and extended use of innovation is limited. However,

literature is comparatively wealthier on the extension of agricultural innovations.
Historically, the agricultural extension has been shifted from an emphasis on production to
productivity-based agriculture (Allahyari 2008) and therefore empathises on extension of

73

innovative applications. As a further shift, increasingly, agricultural is becoming an

information-dependent sector (Cash 2001). Furthermore, agricultural extension systems
have been gradually shifting from a ‘knowledge transfer’ to a ‘knowledge share’ concept

(Allahyari 2008) where the knowledge transfer also follows a reverse flow; the farmers are

no longer assumed as the sole recipients of the innovation, instead, they are now also
contributing to the agricultural learning processes (Birkhaeuser, Evenson et al. 1991).

Hanson, Kauffman et al. (1995) found that in recent years there has been an increasing

tendency in the growth of on-farm extension research as well as on demonstration

projects. Through the external agents the extension projects’ information and technical
details are subsequently disseminated and diffused into the agriculture society as

‘information’ which develops and increases awareness among the farmers. Cash (2001)

mentioned that in some countries the extension officers have played a critical role in
coordinating agricultural extension projects which intimately helped the farmers’ for their

extension activities. In this way, the role of agricultural extension agents is also changing
from transferring knowledge and technology to consultants, advisors and facilitators of the
farmer learning process.

However, according to Allahyari (2008) extension process and extension projects of each

farm should be based on the available assets, which he recommended as a ‘situation-

specific’ system. In this process the extension project is function of resources to maximise
benefits. These resources are human capital, social capital, natural capital, financial capital

and built (manufactured) capital (Allahyari 2008). Human capital refers to skills, abilities,

education, indigenous knowledge and health of community. Social capital refers to the
networks both within and outside the community; sense of place and belonging and the

extent of opportunities exist for participation in local activities and decision-making.
Natural capital refers to the existence and health of environmental assets. Financial capital
refers to the financial resources in or available to the community. Built capital refers to
community infrastructure. Each form of capital can enhance the productivity of other

forms of capital. Moreover, Allahyari (2008) urged that extension is very important to
support sustainable agriculture which mostly depends on the availability of resources

(Hanson, Kauffman et al. 1995). Furthermore, the extension projects ideally depends the

success from the past use of innovations which means that the extension process starts

from the adoption and goes through the evaluation of current satisfaction. However, the

process of extension as well as the prerequisites of an extension plan is not cleared in
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literature. This current research aims to investigate the extension process of agricultural

applications in livestock setting considering RFID technology as the elementary
technology.

3.7

CONCEPTUAL FRAMEWORK

As stated in section 3.6 literature is silent how an innovation is adopted in a livestock

industry; and how the adoption leads to continuance and then extension processes;
considering the organisational factors and variables. Moreover, the comparative analysis of
the factors of voluntary adoption and mandatory adoption is still under-researched. In
order to respond to the research gaps this section presents the preliminary research

models and the theoretical rationale behind the preliminary models while exploring the
factors and variable in RFID context.

Traditional adoption theories assume that there is an equal opportunity enjoyed by the
organisations to adopt an innovation, and the rate of adoption depends how effectively the

innovation is conveyed by the communication channel, spreading the existence and

potential benefits of the innovation (Attwell 1992; Rogers 1995). In reality, the likelihood

of adopting an innovation is dependent on several factors including how much the adopter

exposed to the information, adopter’s resources, technical feasibilities and effectiveness
perceived by the adopters and so on. Therefore, the organisational and technological
characteristics should be included in an organisational adoption model. Furthermore, the

continued and extended usage of the innovation is imperative to gain the full potential of

the innovation. Therefore, in the preliminary stage of this research, this study suggests a
preliminary research model which is based on three underlying theories and their
contextual implications on Information System (IS) studies and practices that have been

discussed in the previous sections of this chapter. The fundamental underlying theories
are IDT (Rogers 1995), TOE framework, and the ECT (Oliver 1980a) with the help from
Expectation Confirmation Model (ECM) (Bhattacherjee 2001a).

As mentioned earlier, IDT, TOE, and ECT are the three fundamental theories that backed up

this model. However, these models have its limitations, in current perspective. IDT and
TOE explain the adoption process of an innovation in organisational level but have not
consider the continued usage of the adopters though these models realise that mere

adoption cannot ensure the success of an innovation (Rogers 1995). Moreover, while the
adopters adopt an innovation, they expect some returns from its use, which IDT framed
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into “relative advantage”. This study argues that the adoption of an expensive technological

innovation like RFID is much different than the adoption of an inexpensive, “one-time-use”
and less complicated innovation. The adopters expect that by adoption RFID the return on

investment (ROI), for example, will be quick and positive, still the payback period could be
much longer than an alternative method (e.g., tail tag). Thus, in this case, the ROI is not a
relative advantage of RFID but surely an expectation, which is more important in RFID
adoption process. By any means, this study does not argue that RFID does not have relative

advantages over the traditional techniques but to argue that the expectations plays an

significant role in the adoption process of an expensive technological adoption, in
particular. On the other hand, ECT examines the repurchase intention of the customers

(continuance intention of IS users in ECM) completely ignoring the initial ‘adoption’ stage.

In marketing, the researchers are more interested to retain an existing customer than
achieving a new customer because it is evident that acquiring new customers may cost as
much as five times more than retaining existing ones (Yi 1990). May be, therefore the

marketing researchers are less interested to explore the factors that makes a customer to
buy a product. Nonetheless, in IS, though the retention of the users is important but it is

more important to attract the users first. For example, it is much difficult for a web-site to

reach to a customer/user than make the users revisiting the site. Therefore, IS researchers

are, and ideally should, keen to understand the factors that drive a user to adopt an IS.

However, unfortunately there is no single model which can explain the adoption, and
continued and extended usage behaviour of an innovation in a single framework. The
proposed preliminary research model (Figure 3.4) intends to fill up this theoretical gap.
As

IDT and TOE explains how innovations spread within and between organisations.

discussed

earlier,

the

adoption

factors

(technological,

organisational,

and

environmental) are interdependent in TOE framework. However this research argues that

TOE takes a ‘mechanistic view’ where the factors are dependent on other dependents. In

contrast, “the ‘world view’ hypothesises a series of factors that directly drive adoption
decision” (Brown and Bakhru 2007, p.371). This research adopted the world view where

each of the factors (e.g., environmental or organisational) are independent and does not
take account of any interaction between them. For instance, by definition, external
environmental factors are the factors that are completely out of any control by an

organisation (Quaddus and Hofmeyer 2007). Therefore it is not logical to interpret that
organisations have influence on external environment. However to reject a reverse
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relationship is more challenging, not impossible though. Organisations need to depend on

the external environmental factors, which is not direct but indirect in nature- through the
adoption decision. Consider the following example. An organisation can be mandated by an
external agent to adopt RFID technology. Therefore, the influence of external environment
is exercised through the dependent variable (RFID adoption). However, the external agent

cannot directly change the organisational mindset or top management attitude, for

example, to be convinced with RFID. Similarly, the influence of external environment on

RFID standards, for example, is not unlikely but ignoring such a relationship permits the

model to understand the dependent variable in a much simple and efficient way. In a single
time it is not very easy to identify how the external agents contribute to the reduction of

RFID costs and simultaneously measuring the effect on organisational positiveness on
RFID adoption. Rather it is direct and simple to examine how the reduction of RFID costs
affect the RFID adoption decision (the dependent variable). The non-interdependence of

these factors offers additional flexibility to analyse the RFID adoption scenario from

individual contexts. It conceptualises the adoption process as determined at one point in

time, ignoring the dynamic nature of the innovation project and the effect of the changing
conditions.

Expectation Confirmation Model (ECM) (Bhattacherjee 2001a) has been used as a

complementary theory to ECT, in order to explain the continuance behaviour for ISs. The

initial model has considered the relevant factors from both theories and integrated those

factors into a single framework, with a logical understanding. Some other important and
relevant factors from relevant theories are also considered and introduced into the
research model.

3.8

THE PRELIMINARY RESEARCH MODELS

This research handles both voluntary as well as mandatory adoption process and hereby

presents two models. The first model explains the adoption factors in a voluntary setting.
This model deals with the farmers who have not adopted RFID technology yet. Therefore,

the first model is developed on the basis of the perceptions of the prospective adopters. On

the contrary, as discussed earlier the ‘adoption’ or ‘intention to adopt’ cannot be a

dependent variable for a mandatory innovation because such decision is beyond
organisation’s control. The mandatory adoption research rather should concentrate on

users’ satisfaction and continuance behaviour. The second model, therefore, examines both
adoption, and continuance and extension behaviour of the farmers who already have
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adopted RFID technology. The second model thus is based on the usage experience of the

adopters. It should be noted here that the first model also provides the opportunity to
understand the adoption behaviour of the adopters and thus has been incorporated with
continuance and extension behaviour to structure the second model.
The first model is summarised as:

TOE factors → Knowledge → Adoption

This part of the model posits that farmers acquire RFID knowledge with the influence of

some external and internal factors. For example, when the livestock producers are asked to

have RFID-based animal identification system as a business requirement, they ought to
learn what RFID is. Comply with the business requirements; the livestock farmers

implement RFID (adoption) where their acquired knowledge plays an important role in
adoption. Figure 3.3 depicts the voluntary model.

RFID
Expectations
Communication
Channels

Knowkedge

Organizational
Factors

Farmers’
Innovativeness

RFID Adoption

External
Pressure
• Government
• Competition

Location

Figure 3.3: Preliminary research model: “RFID adoption model”
Human civilisations have been preserving and relaying knowledge from generation

to generation for better understanding of the past and future. Hence, knowledge comes

first in any sorts of adoption process. Acquiring and then utilising knowledge was the
prominent as early as 4,000 years ago when the earliest civilisations evolved (Ives and

Learmonth 1984; Wiig 1997), and still is the basis of success in this current “information

and digital age”. In this current context, RFID knowledge describes the amount of

knowledge in the field of RFID that a farm accumulates from theory and practice. RFID
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knowledge consists of the basic, technical, and technological knowledge: basic knowledge
is about the existence and potential benefits of RFID, technical knowledge is about the

technical and ‘state-of-art’ of RFID technology, and finally, technological knowledge is
about technological laws (scientific and IT mathematics) functional rules (RFID standard

and frequency use), structural rules (depth of integration), and socio-technical

understanding (such as ethics, privacy etc.) of RFID technology (Ropohl 1997).

RFID knowledge of a farm is dependent on external environment, communication

channels, and farm’s characteristics (Tellkamp et al. 2006). Farms that are closer with the

communication channels (e.g., other farms, technologists) gain more and quick knowledge
compared to those who farm in remote and/or isolated locations (Rogers 1995). Farmers

acquire RFID information from external information sources including farm magazines,
government agencies (Kettinger (1994), extension agents (Birkhaeuser, Evenson et al.

1991), and through interpersonal channels such as the adopters who are similar in
socioeconomic status (Hagerstrand 1967; Ruttan 1996; Ghadim and Pannell 1999). These

external sources also can motivate the farmers for RFID adoption. Likewise, the more

responsive a farm to its external environment, the more/quick the acquired knowledge is.
This study posits that RFID knowledge influences the quality and quantity of expectations
(Au and Kauffman 2003) as well as influences the likelihood of RFID adoption
(Ranganathan and Jha 2005; Tellkamp, Wiechert et al. 2006; Lee and Shim 2007).

The preliminary research model acknowledges the importance of external

environment in RFID adoption. The motivation to adopt a technology may come from

pressure from the external environment (Robertson and Gatignon 1986). A practical
reason for livestock farmers to adopt RFID is the government policy and regulations and

market pressure. Like Australia, a growing number of animal exporting countries have

introduced legislations on compulsory RFID-based livestock management systems.
Therefore, farmers do not have any choice but to adopt RFID technology. Similarly, the

important meat markets are serious and rigid about the complete traceability of animals

which is only possible with an RFID system. Moreover, the meat consumers, now-a-days,

are more concerned and sensitive with the traceability of meat and meat-food (Li and
Visich 2006). Similarly, to survive in the fierce competition (domestic and international
suppliers), the farmers must need to adopt RFID system and experiment it for newer
application in order to maintain their (competitive) position into the market. Accumulating

the pressure from the downward supply chain, the livestock producers and processors are
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coerced to implement RFID to provide the animal traceability. Apart from the pressure,

however, government can play an important role on RFID adoption-diffusion through

information provision, research and development policies and facilities (Kettinger 1994),

incentives for the adopters, and building and enhancing the infrastructure (Goldsmith

1990; Scupola 2003a, b). The markets also can enhance farms’ knowledge by sharing

product information and market information (e.g., demand forecast).

Organisational factors are important for an adoption (Tornatzky and Fleischer 1990).

Organisations that are keen for innovation normally acquire more knowledge than others

(Damanpour 1992). Considering other factors remaining same, innovative organisations

with more knowledge are the early adopters (Rogers 1995). Similarly, in livestock

industry, farms having more external orientation (responding to customers’ need) and
more degree of association with livestock agencies and other farms are more likely to

adopt RFID than others. Management attitude towards RFID, and farm size with adequate
resources and expertise ensures the adoption (Ranganathan and Jha 2005, Brown and
Russell 2007; Krasnova and Weser 2008; Huyskens and Loebbecke 2007; Sharma and

Citurs 2005; Sharma et al. 2007; Schmitt et al. 2007). In short, organisational
characteristics influence the knowledge and adoption decision of RFID in livestock
industry.

RFID expectations are the expected attributes of RFID that are derived mostly during the

knowledge phase and also during and after the RFID implementation. This study considers
that ‘expectation’ is a continuous process rather than an initial and complete stage. The

main expectations from RFID are: reduced animal theft, competitive advantage in domestic

and international market, accessibility to new markets (market penetration), making
farming profitable (Linder 1987) through less labour and error, and guaranteed return on

investment and quick pay-back period (Taylor 1998; Beer 2003; Blasi 2003; Trevarthen
2005; Electrocom 2007; Trevarthen 2007a; Trevarthen 2007b).

The second model (for adopters) has two interdependent parts. The first part of the second
model is similar to the first model. The other part of the model depicts:

Expectations → Confirmation → Satisfaction → Continued, Extended and

Expanded Use.
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This part of the model basically examines the continued and extended usage behaviour of

the adopters. This study posits that, some expectations are developed while the adopters
gather knowledge about RFID. The developed expectations as well as the new expectations

while, and after, implementing RFID work as the baseline to measure adopters’ satisfaction

and thus their continued and extended usage behaviour; satisfied adopters diffuse RFID
and apply it for extended use. Figure 3.4 illustrates the ‘adoption-continuance-extension’
model.

Finally, the whole adoption-extension process is dependent on adopter’ innovativeness
and their geographical location. This preliminary model is generic in nature and is likely to
be acceptable, with some adjustments, in various RFID adoption-diffusion applications.
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Figure 3.4: Preliminary research model: “RFID adoption-diffusion+ model”
In a later stage of adoption, the adopters may evaluate the performance of RFID.
Performance is the manner of functioning or operating as good/bad as expected. Once an
RFID system is implemented the performance of the system can be measured which

includes general (works as designed), financial (on-budget, return-on-investment etc.) and
technical performance (complexity, maintenance, data authenticity) of the system.

Churchill and Suprenant (1982) and Oliver and DeSarbo (1988) showed that performance

has a direct and significant effect on satisfaction. Correspondingly, adopters’ satisfaction is
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found to be directly affected by expectation and confirmation (Oliver 1980a; Westbrook

and Oliver 1981; Churchill and Surprenant 1982; Bearden and Teel 1983). However, this

study predicts a positive and direct effect of performance on ‘continued and extended
usage intention’.

3.9 SUMMARY

This chapter presented the literature background of this current research. The relevant
details of theoretical concepts from IDT, TOE framework, ECT, and ECM have been

reviewed. It is summarised that adoption-diffusion of RFID and subsequently its continued

and extended use is a new and contemporary phenomenon. The analysis suggests that

although none of these theories and models could be as such applied to examine the
adoption-diffusion and extension of RFID technology in organisations, integrating the
constructs across the models will be more appropriate and will assist in providing a

coherent understanding of the research problem. Hence, this chapter presented a

preliminary research model, based on the existing literature, which will further be
improved by integrating the contextual factors.
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CHAPTER 4
RESEARCH METHODOLOGY
4.1 INTRODCUTION
The previous chapter formed a conceptual model aimed at examining RFID adoption-

diffusion and extension in the context of livestock farms in Australia. This current chapter
aims to provide an overview of the research approach utilised within information system

(IS) field, which leads to the selection of an appropriate research-approach for guiding the
research.

Generally, adoption diffusion research employs mostly quantitative method though a few
have used qualitative approach as well. In scholarly RFID studies a variety of research
methodologies have been employed, including case studies (Loebbecke and Palmer 2006;

Roh, Kunnathur et al. 2009), field interviews (Lai, Hutchinson et al. 2005; Hossain and
Quaddus 2011a), exploratory surveys (Vijayaraman and Osyk 2006), laboratory

experiments (Asif and Mandviwalla 2005), literature review (Schmitt et al. 2007), critical

analysis (Otondo et al. 2009), conceptual (Jones et al. 2005), quantitative (Tellkamp et al.

2006), and mathematical modelling (Szmerekovsky and Zhang 2008).

To understand the research topic, to validate and understand the conceptual model, and to

obtain and analyse data, a combination of both qualitative and quantitative methods, which

is referred to as the ‘mixed method’, was applied. “The mixed method approach is
appropriate as RFID research is still in its infancy” stage (Brown and Russell 2007, p.252).

Brown and Russell claimed that “a combination of methodological techniques assists in
exploring the RFID adoption phenomenon more fully”. The philosophical foundation

utilised in this research was positivism, resulting in a survey approach being employed.

This chapter explains the details of this adopted method. This chapter starts with the

discussion of the research paradigm, which addresses the rationale and the justification of
the mixed method in the current research. Then, the definition and research design of the

mixed method is discussed followed by the discussion on the research process been
adopted. The final section offers a summary of the chapter.
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4.2 RESEARCH PARADIGM
According to Myers (1997), epistemology refers to the assumptions about knowledge and

how it can be obtained. Similarly, a paradigm provides a conceptual framework which

reflects how a research is designed, how data is collected, interpreted, and how the
findings are presented. According to Guba and Lincoln (1995), “[research] paradigms

define for the [researcher] what it is they are about and what falls within and outside the
limits of legitimate [research]...” (p.108). Thus, a research paradigm can be viewed as a set
of basic rationales which allow researchers to recognise their roles in the research process
(Guba and Lincoln 1995).

Within IS, there are three underlying epistemologies that researchers can select in order to
guide a particular research. These are positivist, interpretivism, and critical research

(Orlikowski and Baroudi 1991; Mingers 2001; Mingers 2003; Dwivedi 2007; Onwuegbuzie
and Leech 2007).

A research can be called as positivist if there is evidence of formal propositions,
quantifiable measures of variables, formulation of hypothesis, hypothesis testing, and
drawing of inferences about a phenomenon from the sample to a stated population

(Orlikowski and Baroudi 1991). The positivist approach believes that no scientific concept

or research idea is so abstract that it cannot be measured or observed; rather, every

scientific concept or research idea can be objectively observed and measured (Hessler

1992). In other words, positivist paradigm is associated with the quantitative research
method where hypotheses formulation and hypothesis testing is essential (Cresswell 2003;

Johnson and Onwuegbuzie 2004). The underlying assumption of positivism is that “the

data and its analysis are value-free and data do not change because they are being

observed” (Krauss 2005, p.760). Moreover, the positivist paradigm assumes that reality is

independent from the knower (Smith 1983; Johnson and Onwuegbuzie 2004), therefore,

ideally, the positivist researchers do not reach to any conclusion from their own cognition
or rational rather they usually maintain a distance from the participant(s) and what is
being researched, and sees reality as ‘being’ rather than ‘becoming’ (Dwivedi 2007). In

terms of research design, quantitative research is normally adapted by the positivist
researchers.

The second view of a paradigm in conducting research is the interpretivist paradigm. The

interpretivist approach aims to develop a natural science through social interpretation
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(Neuman 2003). In contrast with the positivist paradigm, the interpretivist researcher

rejects the separation of researcher and participant because they believe the researcher

should interact and affect the issues being researched (Creswell 2003). Therefore,

interpretivist researcher see the reality and thus has to plunge into the actor’s mind by
feeling, hearing and observing how the actor interprets a thing (Schwandt 1994). The

interpretivist researcher proposes that the researcher should “allow the questions to
emerge and change as one becomes familiar with the study content” (Krauss 2005, p. 760),

and see all things as ‘becoming’ as opposed to ‘being’. In terms of research design,
qualitative research is normally adapted by the interpretivist researchers.

A third paradigm is called as the critical analysis. Critical analysis usually focuses upon the

opposites, conflicts, and contradictions (Myers 1997). Critical analysis mostly follows the
qualitative approach though quantitative approach is increasingly becoming prominent.

Dwivedi (2007) reported the variation in terms of usage of these underlying paradigms
within IS research. Orlikowski and Baroudi’s (1991) study found that 96.8 percent of
studies used positivism paradigm, only 3.2 percent employed interpretive epistemology,

and none of the (observed) studies employed critical epistemology. However, later in
another study Mingers (2003) found that 75 percent of the IS research employed a
positivist approach, 17 percent interpretivist and only 5 percent critical research.

The objective, nature, and research context of this study determined the research

paradigm and research method. Since this research provides evidence of hypotheses
(Chapter 6), quantifiable measures of variables (Chapter 6), hypotheses testing, and the
drawing of inferences about a phenomenon from the sample to a stated population, the
positivist paradigm has been considered to be appropriate for this research.

Within positivist paradigm the mixed-method design has been adopted in this research. A

significant reason for adopting the mixed method is as follows. Adoption-diffusion research

of RFID technology is far away from maturity. Therefore, to study RFID adoption and its
extended usage, theoretical factors and variables are needed to be borrowed from other

established adoption studies namely innovation adoption, technology adoption, IS and IT

adoption, and consumer behaviour researches. However, it will be quite optimistic
assumption that those factors can effectively be utilised to deal with RFID adoption in a

very dissimilar environment: in the livestock field. The adoption and diffusion of a

technological innovation in the livestock industry is more likely to be different than that in
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the manufacturing industry, for example. Therefore, the widely acceptable factors need to
be verified by a group of representatives of livestock farms. Moreover, the exploration of

new factors that are considered as important factors in that particular environment is also
not unlikely. The qualitative study meant to perform this role.

Similarly, the rational for a survey is also very strong for this study. The adoption

diffusion behaviour of a livestock-farm is a very subjective issue because each farm has its

own perceptions, perspective, expectation, and experience. The rationales, motivations,

and incentives to adopt and use RFID of one farm might be different from others. Further,

there are a multitude parallel factors that contribute to such decision. Thus, conducting
field study interviewing a number of farms that can represent the whole industry is time
consuming, effort-driven, and not much an effective way. Furthermore, qualitative

approaches can generate a Social Desirability Bias (Podsakoff et al. 2003; Meade et al.

2007). Instead, a nation-wide survey could perform this job in an efficient manner.

As mentioned above, referring to the paradigm that has been employed in the adoption

research, most of the studies were engaged in the mono-method approach, either positivist
(quantitative) or interpretivist (qualitative) paradigm. However, based on the abovementioned reasons, a mixed method has been adopted for this study.

4.3 RESEARCH METHOD

This research considered elements of both qualitative and quantitative methods; a method

commonly referred to as ‘mixed method’ (Tashakkori and Teddlie 1998); often proposed

as a third paradigm view (Tashakkori and Teddlie 1998). In the mixed paradigm, a

combination of qualitative and quantitative approaches within different phases of the

research process is considered. Mixed method is sometimes referred to “bridging study”

because this method employs both qualitative and quantitative approaches. According to
Tashakkori and Teddlie (1998), “mixed method research studies use qualitative and

quantitative data collection and analysis techniques in either a parallel or sequential

phase” (p.11). Greene et al. (1989) defined the mixed method as “studies that include at

least one quantitative method (designed to collect numbers) and one qualitative method
(to collect words), where neither type of method is inherently linked to any particular

inquiry paradigm” (p.25). In favour of mixed method Creswell (2003) asserted that the

mixed method utilises the capability of various data collection and enhance the validity of
research measurements. This is due to the fact that each method, either qualitative or
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quantitative, has its own limitations. More specifically, mono-method study will “inevitably
yield biased and limited results” (Greene, Caracelli et al. 1989, p.2). Therefore, the

combination of qualitative and quantitative methods would compensate for their mutual

and overlapping weaknesses (Greene, Caracelli et al. 1989). Furthermore, it provides
cohesive and coherent outcomes as each method has its own strength to provide relevant

data (Hohenthal 2006). The quantitative method, for example, provides a strong

foundation for a theoretical background, and qualitative methods provide real insights into

real issues for real people. In other words, both methods are capable of strengthening
research results and contributing to knowledge on RFID adoption-diffusion.

According to Creswell (2003), there are four major types of the mixed method research

design; the triangulation design, the embedded design, the explanatory design, and the
exploratory design. The triangulation design proposes that the researcher should collect

and compare the data from both qualitative and quantitative methods to “validate or
expand quantitative results with qualitative data” (p.62). The embedded design is a design

that included “the collection of both qualitative and quantitative data, but one of the data

types plays a supplemental role within the overall design” (p.68). The explanatory design
proposes “the collection and analysis of quantitative data...followed by the subsequent

collection and analysis of qualitative data” (p.72). The exploratory design consists of an
opposite sequence which “starts with qualitative data, to explore a phenomenon, and then
builds to the second, quantitative phase” (p.77).

In determining the appropriate mixed method for the current research, it is essential to
again reflect upon the objectives of the current research. As discussed in Chapter 1, the

main aim of this research is to explore the antecedent factors of RFID adoption and the
relationship among the RFID adoption, continued and extended usage components. Based

on previous theoretical ground and framework, the initial models (Figure 3.3 and Figure

3.4) are proposed in Chapter 3. Theses model must be tested in terms of applicability and

validity in order to provide sufficient comprehensiveness to explain associated behaviour.

Thus, a field study through semi-structured interviews is employed. Finally, a survey is

carried out to test the comprehensive model to ensure its applicability and to improve its

explanatory power (the details of the processes are discussed in the next section).
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4.4 RESEARCH PROCESS
Since there has been limited previous research of the RFID adoption and diffusion, the

research process is divided into a number of phases. The whole process in this study is

diagrammatically presented in Figure 4.1.

Qualitative Approach

Literature Review
Preliminary Research Model
Qualitative Field Study
Model Refinement
Hypotheses Construction

Quantitative Approach

Questionnaire Design
Pilot Test of the Survey
Questionnaire Refinement
Data Collection
Data Analysis
Result Interpretation

Figure 4.1 The sequential presentation of the research approach
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Step-1: Literature Review
The research started with analysing current literature on adoption diffusion and the
applications, challenges of RFID. The literature search was made in every possible and

available knowledge repositories including journals, books, seminar proceedings, working
papers and case studies. The extensive literature-search assisted the research to find the
current and past related works and current literature gap. From a number of possible

researches, considering the scope of this research, only one facet of problems has been

identified which was formally named as the research objective. Several research questions

were developed which disintegrate the research objective, to have a greater control on the
research topic.

Step-2: Preliminary Research Model Construction
Based on the review of the existing literary works, a preliminary research model of RFID

adoption and extension was developed (see Figure 3.3 and Figure 3.4). The evaluation and
evolution of the initial model was a continuous process refined by current publications.
Step-3: Qualitative Field Study

Field study through interviews was then conducted with eight farm-managers/owners

from Western Australia. The objectives of each interview was to (1) search and identify
concepts and procedures that might not be reported or recognised in the literature review,
(2) evaluate the worthiness of the concepts identified in literature review. The interviews

were conducted using a semi-structured interview-question, which was developed by the

assistance of the literature review. The interview scripts were transcribed mostly by the

researcher. The transcribed data were analysed by the researcher in two stages. Stage one

dealt with each single interview transcripts, while stage two dealt with cross interview

transcripts to integrate all the individual factors, variables, and their relationships to
produce the combined model. Chapter 5 describes this process in detail.

Step-4: Model Refinement

Based on the results from qualitative data analysis and the literature review, the

preliminary model was refined. Necessary addition of items or constructs as well as
elimination of the duplicate constructs and items were done at this stage. A research model
was then finalized.
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Step-5: Hypotheses Construction
Hypotheses are constructed at this stage based on the final research model and also past

theories from the literatures. The respective theories were used to guide the hypotheses
construction.

Step-6: Questionnaire Design

A tentative questionnaire was designed based on 23 hypotheses that had been constructed
in the prior step. Measurements in the questionnaire relied heavily on the available

instruments designed in the past literature. Additional new measurements were based on

the findings from the qualitative field study. The combination of measurement items

totalled to 82 and 19 constructs was subjected to a pre-test for the validity and reliability
before conducting the survey.

Step-7: Pre-test of the Questionnaire
The tentative questionnaire was pre-tested before it was widely disseminated. Pre-test
was conducted with five farms and three academic researchers who are expert in

consumer behaviour research. The purpose of the pre-test is to consult the expertise in the
relevant field in order to enhance content validity.
Step-8: Questionnaire Refinement

Necessary changes were then made accordingly to refine the tentative instruments based

on the pre-test result prior to the actual surveys. The final questionnaire was thus ready to

be distributed among the respondents of the survey.

Step-9: Data Collection

The quantitative data collection process started with sending mail-questionnaire to the

livestock farms. The mail included a set of questions for the non-adopters, another set of

questions for the adopters, and a paid reply-envelop. Additionally a similar survey was

uploaded into the Web. 135 valid responses from Group 1 (non-adopters) and 220 valid

responses from Group 2 (adopters) were collected. The number of valid data satisfied the
required number of data required for the analysis.
Step-10: Data Analysis

Data gathered through the survey were analysed by SPSS and PLS-based Structural
Equation Modelling (Chin et al. 2003; Barclay et al. 1995). The SPSS analyses produced
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descriptive statistics while PLS tested discriminant validity, convergent validity, and the
hypotheses.

Step-11: Result Interpretation
The final step of the research was the interpretation of the results obtained from both
qualitative and quantitative data-analysis.
Step-12: DSS Development

Finally, a Decision Support System (DSS) has been developed after having the theoretical

and methodological discussion from a literature review. Two different models have been
developed and studied.

4.5 QUALITATIVE FIELD STUDY
This phase of the study endeavoured to explore the phenomena of RFID adoption-

diffusion, to validate and enhance the factors and variables that were identified as part of
the comprehensive literature review. The qualitative method is considered as the most
appropriate because of the exploratory nature of this part of the research. Scholars argue

that understanding a phenomenon from the point of the participants is difficult to achieve

when textual data are quantified (Kaplan and Maxwell 1994). Therefore, a ‘pseudo case

study’ that involved a qualitative study of a small number of participants would meet the
objectives of this phase of the study.

As such, a field study approach has been adopted as the research method for the

qualitative phase (Patton 1999; Zikmund 2000). Moreover, qualitative methods permit the

evaluator to study selected issues in depth and detail. In order to ensure the positivist

stand of this research the field-study was performed without being constrained by
predetermined outcomes rather relying on openness, and detail of qualitative inquiry
(Patton 1990).

4.6 QUANTITATIVE STUDY METHOD
After developing the research model with the assistance from literature review and

qualitative field study, the next phase involved the confirmation (or rejection) of the
factors and variables and establish the linkages among the constructs. As mentioned
earlier, a quantitative method is considered most appropriate for this phase. As one of the
most acceptable method of quantitative studies this research involves a diverse type of

91

sample and thus a wide variety among the sample, remembering that Australian States
have differing legislations and business concentration (see Chapter 2 for details).
4.6.1 Developing the Questionnaire

Based on the comprehensive research model, a questionnaire was designed to explore the

important factors and to test the relationships among the constructs. While designing the

survey, this study adopted the close-ended questions. The Likert scale was used to

measure all the dimensions. It is reported that during the past at least 15 years, the

application of SEM has mostly relied on the Likert scale (Byrne 2006) and the similar has
been adopted in this research. Hair et al. (2007) suggest that there are two choices; odd
and even number in selecting scale categories. Many studies have used seven-point Likert

scale having a central ‘neutral’ point. Based on the experience or judgment of the

researcher, the central point is used when it is perceived that some portion of the
respondents is likely to feel neutral about the issue being examined. However, Mattel and

Jacoby (1972) advised either not to use or use the neutral point when the scale consisting

many points. Furthermore, avoiding the central tendency error of the respondents is
another reason to use a six-point scale. Central tendency error is observed when
respondents answer a middle choice ‘neutral’ or ‘neither agree or disagree’ without really
meaning that. Therefore, this study uses six-point Likert scale.
4.6.2 Pre-test the Questionnaire

Prior to conducting the actual survey, the quantitative survey process conducted a pre-test

to identify any problem with the survey instrument. The objective of the pilot study was
not to run the model in a PLS software rather to examine the descriptive statistics and
whether the respondents find difficulty with understanding any of the items or they prefer

a different style of presentation of the survey. A pre-test process took a convenient sample
of five livestock-farms who participated in the field study. Three doctoral research

students were also included in this process. The participants were asked to record the time

required to complete the survey and if they find any problem with wording or any such
other issues with the questionnaire. The questionnaire was then finalised by making

several changes after obtaining the participants opinion regarding the meaning and clarity
of the questions.
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4.6.3 Sampling
Rawstorne et al. (2000) pointed out the concept of ‘sample constituency’ which they
considered as an important consideration in research especially for a mandatory use

innovation. Their point is, a study dealing with mandatory adoption should consider the

sample from one large group instead of having samples from many organisations
occupying different positions using different systems. Therefore, in order to avoid the
extraneous effects of other variables in mandatory usage, this study conducted a research

in a context in which the use of the IS is mandated in respect to all participants. In this
stage, farm managers and farm-owners were considered as samples if they either had

experienced the phenomena or observed the situation closely from someone else’s
experience.

The nation-wide survey was conducted among the livestock farms in Australia. Primarily,

the contacts of farms were obtained from Department of Agriculture and Food, WA
(DAFWA). Altogether, 1,782 mails were sent to the WA farmers. Also several other

research organisations and livestock associations attached a soft-copy of the questionnaire

with their email/newsletter to their registered clients/members. Moreover, an online

version of the survey was uploaded into the Web. Therefore, the total number of sample
could not be established and the survey was open to the whole Australia. Online survey
offers several advantages over the traditional mail survey. Apart from the one-off

uploading cost there is no additional cost in web-based survey. It saves money by reducing
the paper, ink, envelop, postal, and environmental costs associated with its paper-based

counterparts (Thompson, Surface et al. 2003). Web-based survey also increases data-

accuracy because coding errors are less likely (Lee and Shim 2007) and reduce the error

made by the data-entry person which frequently happens with the paper survey when the
data from the questionnaire are transferred to the spreadsheet. This process involves less

time too. Furthermore, the researcher enjoys the luxury to conduct pilot tests at any stage
of the survey considering any arbitral number of items. Finally, because the automatic

transformation of the responses to the spreadsheet, the analysis steps are accelerated (Lee
and Shim 2007).

4.6.4 Sampling Quantitative Data Collection

A sufficient sample is very important so that generalisation trends can be derived by

studying this sample (Cavana, Delahaye, et al. 2001). The survey instrument together with
covering letter explaining the purpose and instruction of the survey were sent to the farms.
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The duration of the survey was five months; from March 2011 to July 2011. Also, in March
2011, the online survey was uploaded into Internet. 95 responses from Group 1 (non-

adopters) and 139 responses from Group 2 (adopters), including online responses, were
collected until May 2011 (Wave 1). In Wave 2, 40 responses from Group 1 and 81
responses from Group 2 were collected.

The data from each response were immediately input into the MS Excel spreadsheet. The

raw data showed some missing values, meaning that the respondents either refused or
overlooked the answer. Either way, data were examined closely for the analysis stage.
Responses deemed to be invalid or incomplete were discarded from the analyses. There
were 15 questionnaires that had to be discarded due to invalid responses or missing values

over 10 percent. No response was encountered having missing values in demographic
information. Thus, the survey yielded 135 effective and accepted responses from Group 1
and 220 usable responses from Group 2. However, the response rate could not be

calculated because of the inability to determine the number of samples delivered to the
prospective respondents.

4.6.5 Analysis of Quantitative Data

In this research, the analysis of quantitative data is divided into two parts. In the first part,
the analysis of the important factors for RFID adoption in a voluntary environment was
examined. The examination of the adoption and continued usage intention was performed
in the second part.

The quantitative analysis was conducted using the Structural Equation Modelling (SEM)

technique. SEM techniques such as LISREL or PLS are the second-generation data analysis
techniques; either of these could be used to test the research model of this study. Both
LISREL and PLS handle with causal modelling and that work by “simultaneously assessing

the reliability and validity of the measures of the theoretical constructs and estimating the
relationships among these constructs or variables” (Barclay, Higgins et al. 1995). However,

over LISREL, PLS was chosen for this study because it is better suited for causal modelling
when the sample size is relatively small and when the model is complex (Hulland 1999;

Teo, Wei et al. 2003). It is evident that the ability of PLS to model latent constructs under

non-normality conditions and handling analysis with small sample sizes makes PLS
popular among the researchers in recent years (Compeau and Higgins 1995; Chin 1998a;

Chin 1998b). Moreover, PLS is more appropriate when the measurement items are not well
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established and are used within a new measurement context (Barclay, Higgins et al. 1995).

In other words, PLS is suitable when the primary objective of the research is the
explanation of the model variance for one or more constructs and when the research focus

is on theory development. Since the existing literature on RFID adoption and diffusion is
very limited, the proposed research model in this research is not based on strong theory.

Therefore, the focus of this research is more on theory building, rather than testing the fit
of strong theory-based model. Moreover, the capability to handle formative as well as
reflective indicators and constructs was one of the greatest incentives to adopt PLS. Finally,

as the previous studies found, PLS approach provides a general model which maps paths to
many dependent variables and analyse paths simultaneously rather than one at a time

(Fornell and Bookstein 1982; Gefen, Straub et al. 2000). With the rationale stated above,

PLS is considered as the most appropriate data analysis tool for the quantitative part of

this study. This study uses PLS to establish the relationship between constructs and thus
testing the hypotheses. As such, the data collected in this study were analysed using the
PLS technique Utilising the PLS-Graph version 3.0 computer software that was developed

by Chin (2001) (www.plsgraph.com).
4.6.6

Partial Least Squares (PLS) Procedures

Two procedures were involved in the PLS analysis; assessment of the measurement model
and assessment of the structural model (Table 4.1). The details of the analysis are

explained in Chapter 8. The RFID adoption and extension model was tested and evaluated
in the following manner as identified by Barclay et al. (1995) using PLS technique.
Table 4.1: The two step approach of PLS analysis

Stages

Data Examination

Analysis

1

Assessment of measurement model

i- Item reliability

2

Assessment of structural model

ii- Internal consistency

iii- Discriminant validity

i- Amount of variance explained (R²)
ii- Path coefficient (β)

iii- Statistical significance of t-values

i.

Stage 1 - Assessment of the Measurement Model
This stage is concerned with the relationships between the observed variables

and the constructs (Igbaria, Guimaraes et al. 1995). Items which represents
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the observed variables, measure the constructs. The analysis of the
measurement model leads to the calculations of loadings that provide the
ii.

researcher with an indication of the strength of the measures.

Stage 2 - Assessment of the Structural Model

This stage focuses on the relationships that exist between the paths in the
model (Igbaria, Guimaraes et al. 1995). The PLS analysis calculates the

estimated path coefficients for the different paths in the model. The results

provide the researcher with an indication of the strength and direction of the
theoretical relationship.

4.6.6.1 Assessment of measurement model
The assessment of measurement model stage concerns with the constructs validity or the
extent to which the manifest indicators reflect their underlying constructs (Santosa, Wei et

al. 2005). The procedures that are followed in a PLS framework are: examining individual
item-reliability, internal consistency, and discriminant validity to assess the adequacy of

the measurement model (Barclay, Higgins et al. 1995; Hulland 1999; Santosa, Wei et al.

2005). Table 4.2 shows the 2-step procedures undertaken in stage 1 of measurement

model assessment in this study and the following sections will discuss the details of the
steps.

Table 4.2: Two-Step Assessment Procedure of Measurement Model

Measurement

Acceptable value

1. Convergent validity

Item loading ≥ 0.7

b) Internal Consistency

i. Composite Reliability

Calculated value ≥ 0.7

ii. Average Variance Extracted(AVE)

Calculated value ≥0.5

a) Item reliability

2. Discriminant Validity
a) Construct level
b) Item level

Square root of AVE of construct > correlation
between the construct and other constructs
Item loadings of construct > all other cross-item
loadings of the construct
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Convergent validity
The first step of the assessment of measurement model is to test the convergent validity of
the model. This is accomplished by performing the following two steps:
a) Item Reliability

The first assessment of the measurement model examines the item reliability. Item

reliability assessment refers to an analysis of estimating the amount of variance in each
individual item’s measure that is due to the construct (Barclay, Higgins et al. 1995). Item

reliability examines how well each item related to their respective construct, which is
sometimes referred to as simple correlations.

PLS assessment procedure is conducted by conducting simple correlations of the measures

with their respective construct. The calculated correlation leads to an item loading which
gives an indication of the item’s strength. In PLS, item reliability can be assessed by

evaluating: (1) the loading score for the reflective items, or (2) weight score for the
formative items.

Researchers have different opinion on the acceptable value of item loading but the rule-of-

thumb is that higher the item loading the better it would represent its constructs. Hair et
al. (1998) provide guidelines for using item reliability to assess the relative significance of

constructs and suggested three types of significance level for item loadings; (1) item
loadings greater than 0.3 are considered significant (2) item loading greater than 0.4 are

considered more significant (3) loadings in excess of 0.5 are considered very significant.
Similarly, Igbaria et al. (1995) suggested 0.4 is an acceptable reliability limit. However,
most researchers suggest that most of the loadings should be at least 0.6 and ideally at 0.7

or above (e.g., Chin 1998a). The rational of having higher item loading values is, items with

lower loadings have a random error component that exceeds the explanatory component.
By dropping the lower loading items would improve the item reliability and therefore

would likely to lead to improving estimates of the true relationships between the

constructs (Nunnally 1978). Scholars suggest that items with extremely low loadings

should be carefully analysed and reviewed especially if the items have been taken from

strong theoretical background (Nunnally 1978). Literature advice that low loadings are

attributed to several reasons including incorrect wording in the questionnaire,
misunderstanding by the respondents, using improper items to measure constructs, or
applying questions from one context to another (Hulland 1999).
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Thus, this study has taken a stance of having item reliability rules of 0.45, the value

proposed by Hair et al. (1995) and Igbaria et al. (1995). The more conservative of Hair et
al.’s assessment’s guidelines (1998) was chosen, to provide for more robust and reliable

findings. This approach was considered more practical, given that the RFID adoption and
extension study was exploratory and very few literatures explained the relevant factors.
b) Internal Consistency

Internal consistency is used to establish the convergent validity. Convergent validity
assures that there is correlation among the items for a construct. While item reliability

refers to as a measure of items against its constructs, internal consistency is referred to as
the measure of reliability of the constructs (Fornell and Larcker 1981).

Many quantitative researchers had been using Cronbach’s alpha as a measurement

for internal consistency. However, Chin and Gopal (1995) argued that Cronbach’s alpha
represents a lower-bound estimate of internal consistency considering its parallel

measures. They suggested that a better estimate can be gained using the composite
reliability formula of Werts et al. (1974) because there is no assumption in PLS that all

indicators are equally weighted for internal consistency (chin 1998b). In addition, in PLS,

the internal consistency is not influenced by the number of indicators. Moreover, PLS

measurement uses the item loadings obtained within the causal model (Fornell and

Larcker 1981; Barclay, Higgins et al. 1995). Since the measurement is not influenced by the

number of items in the scale, the composite reliability measure is considered to be more
general and more superior than Cronbach’s alpha.

Composite reliability checks the internal consistency of a construct. The first measure
developed by Fornell and Larcker (1981) uses composite reliability as the measure of

internal consistency. The value of composite reliability can be calculated using the
following formula (Barclay, Higgins et al. 1995; Chin 1998b):

ρc =

(∑λi)²
(Σλi)²+ΣVar (εi)
Where,
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λi = the factor loading which represents simple correlation between the item
and its constructs, and

Var (εi) = 1 – λi², the unique/error variance.
As with Cronbach’s alpha, the benchmark of 0.7 is considered as the minimum value for
composite reliability to establish a convergent validity of the measurement model;
suggested by Nunnaly and Berstein (1994) and (Barclay et al. 1995).

The second measure suggested by Fornell and Larcker (1981) to assess internal
consistency is concerned with assessing the Average Variance Extracted (AVE) for each

reflective constructs. AVE represents the average variance extracted of a construct by its
corresponding items and assesses the amount of variance that is captured by an

underlying factor in relation to the amount of variance due to measurement error. AVE
indicates the amount of variance shared between a construct and its measures. Chin
(1998b) suggests that the value of AVE can be obtained using the formula below:
AVE =

∑λi²
Σλi²+ΣVar (εi)

where;

λi factor loading; denotes the simple correlation between item and its constructs

(item loading), and

Var (εi) = 1 – λ i² (the variance)

It is suggested that a construct should achieve a value greater than or equal to 0.5 in order
to achieve adequate reliability where larger value is preferable because estimates less than

0.50 indicate that variance due to measurement error is larger than the variance captured
by the factor (Nunnally 1978; Fornell and Larcker 1981; Barclay, Higgins et al. 1995).

Nonetheless, Jiang et al. (2002) argued that 0.5 landmark for AVE is “conservative”, and

AVE less than 0.5 should also can be considered arguing that “very often, variance

extracted estimates will be below 0.50, even when reliabilities are acceptable”.

99

Discriminant Validity
A third assessment of measurement model is ‘discriminant validity’, which refers to the

degree to which constructs differ with each other in the same model (Barclay, Higgins et al.
1995; Hulland 1999). Using PLS, discriminant validity analysis is used to test statistically

the degree of variance shared among items and constructs in the model. Though does not

happen very frequently, but an item could potentially share more variance with other
constructs than the construct it intends to measure. Discriminant validity checks this flaw.

To establish discriminant validity, the square root of the AVE is compared to the inter-

construct correlations. It provides the potentially overlapping construct where items might
tap into different constructs. Discriminant validity is considered adequate when the AVE
for one’s construct is greater than their shared variance (Fornel and Larcker 1981). In

other words, the variance shared between measures of two different constructs should be
lower than the AVE for the items measuring each construct (Fornell and Larcker 1981;

Barclay, Higgins et al. 1995; Chin 1998a; Santosa, Wei et al. 2005).

Typically, PLS technique assesses discriminant validity by examining the correlation at
both constructs and items level. Usually, these results are compared in a table format.

In the last analysis for discriminant validity, cross loadings for each item are explored and
compared across all constructs and are presented in a form of cross-loading matrix. The

cross-loading analysis in PLS measures the correlation of an item with respect to all of the
constructs in the model, including the construct it intends to measure (Chin 1998a; Chin

1998b). To prove the discriminant validity, an item should not load higher on other
constructs than on the constructs it intends to measure; otherwise it should be excluded

from the model. However, PLS-Graph 3.0 software (which was used in this study) does not

produce this statistics. Thus, the researcher has to manually calculate the output produced

by the software using other statistical software package namely SPSS version 19 for
Windows.

4.6.6.2 Assessment of structural model
The structural model comprises the hypothesised relationships between latent constructs
in the research model (Santosa, Wei et al. 2005). The assessment process involves

evaluating the explanatory power of the independent variables (R2), examines the direction
of path coefficient and the value of t-statistics (Barclay, Higgins et al. 1995; Santosa, Wei et

al. 2005).
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Amount of variance explained or R square (R²)
The predictive power of the proposed research model can be accessed by obtaining the R²

values (Barclay, Higgins et al. 1995; Santosa, Wei et al. 2005). It represents the extent the

independent constructs explain the dependent constructs. The interpretation of the R² is

similar to traditional regression model (Fornell and Larcker 1981; Barclay, Higgins et al.

1995). Therefore, R² values will determine the explanatory power of a component of the
model by indicating the amount of variance in the construct which is explained by its
corresponding independent constructs. The R² values of the endogenous variables,

produced by the bootstrap method, allow for assessment of the model’s explanatory power
(Chin 1998b). The well accepted value of R² is 0.1 or above (Teo, Wei et al. 2003; Rai,

Patnayakuni et al. 2006, for example).

Path coefficient (β) and statistical significance of t-value
Having established the explanatory power of the model through the amount of variance

explained from R² value, the next test was to evaluate the relationship of the construct as

hypothesized in this research. More specifically, the statistical analysis is evaluated by
assessing the path coefficient (β) and the t-value. The β and the t-values were derived from
the bootstrapping procedures. Bootstrapping is a non-parametric test of significance that
produces t-statistics to evaluate the significance of the structural paths.

4.7 SUMMARY

This chapter describes the research methodology used in this research. Comparing the

current trends of research approaches that have been used within IS field, this chapter
selected an appropriate research-approach for guiding this particular research. This
chapter also presented the systemic overview of the research method and tools that have
been used for this research. It is discussed here that this research followed the mixed

method research-technique. The measures of the mixed method also have been discussed
briefly.
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CHAPTER 5
FIELD STUDY AND THE COMPREHENSIVE RESEARCH MODEL 8
5.1 INTRODUCTION
As discussed earlier, a mixed method paradigm has been adopted for this study. Hence, in
this stage, a qualitative research analysis has been conducted through a field study. This

chapter presents the analyses of the data that were generated from the field study. The

field study has been undertaken through semi-structured interviewees with eight livestock
farmers from Western Australia. This qualitative approach has been performed, primarily,

to fine tune the initial model, proposed earlier (Figure 3.3 and Figure 3.4). As the initial
research models consisted variables and factors taken from traditional IS/IT adoptiondiffusion and consumer research studies, the factors needed to be contextualised and

justified in the current setting, while some additional factors have been evolved. In

subsequent stages, the explored factors have been identified and were confirmed by the
existing literature.

As a whole, this chapter presents the data analysis technique and results of the field study.
The following section first presents the rationale of considering qualitative research

approach for this study. The operational overview of the field study is presented next.
Results of the field study are then presented and interpreted in detail. The comprehensive
finalised model is finally presented.

5.2 OPERATIONAL OVERVIEW OF THE FIELD STUDY
RFID is considered as the world’s “oldest new technology” (Poirier and McCollum 2006,

p.3). Not many studies came up with RFID adoption and diffusion analysis because its
8 Parts of this chapter have been published partly in the following publications:

a.

Hossain, M.A. and Quaddus, M. (forthcoming, 2014). “Factors Affecting RFID Adoption
in Organizations: An Exploratory Study", International Journal of Information Systems
and Supply Chain Management (IJISSCM), Vol.7. Issue 2. (accepted paper)

b. Hossain, M. A. and M. Quaddus (2011a). “The Adoption and Continued Usage Intention
of RFID: An Integrated Framework”, Information Technology & People, Volume 24 Issue
3, pp. 236-256.
c.

Hossain, M. A. and M. Quaddus (2010b). "Impact of External Environmental Factors on
RFID Adoption in Australian Livestock Industry: An Exploratory Study", in Proceedings
of PACIS 2010, Taipei, Hong Kong, pp. 1735-1742.
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adoption in the commercial sector is still at its early stage (Moon and Ngai 2008). More

specifically, a very few studies in the livestock industry have been reported which mainly

concentrated on RFID applications rather than the adoption-diffusion processes.
Therefore, this research used field-study based qualitative research approach, as

qualitative study is “particularly well suited to new research areas or research areas in

which existing theory seems insufficient” (Eisenhardt 1989, p. 548-9). Specifically, this

study used multiple cases based field-study approach which is considered as an
appropriate research design when the purpose of the research is descriptive, theory
building, and practice-based, and where the profound thoughts and experiences of the

subjects are important (Benbasat, Goldstein et al. 1987). In performing the exploratory

study, in subsequent stages, the important factors have been identified, collated, and

modified (where needed) from the literature whereas some contextual factors have been

created which were confirmed and modified during the field study. The interview
questions were semi-structured, developed from the literature.
5.2.1 The Development of the Interview Questions

Overall, 11 questions were designed to cover the three main topic of this field study. Table
5.1 presents the topics with the relevant concepts (questions) respectively.
Topic

Table 5.1: Issues and related questions in the field study

Brief concept acquired by the question

1. Significant factors for RFID adoption

Knowledge and knowledge-gathering processes
External environmental factors

RFID implementation issues (complexity etc.)
2. Factors to explain continuance intention
3.

The

behaviour

continued

and

extended

4. Factors influencing the whole process

usage

Expectations from RFID

Confirmation and its measures
Satisfaction and its measures

Performance evaluation and its measures
Influential factors to extended RFID use
Innovativeness and its antecedents
Voluntaries

Organisational factors
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The interview and the questions were approved by the Curtin Ethics Committee. Appendix
C presents the sample of the interview questions. These questions were semi-structured;

and were intended to ask only when the interviewee needed to be interrupted and
prompted. The questions were developed mainly from literature while the interview

guideline was prepared after having several discussions with Department of Agriculture,

Western Australia (DAFWA), Meat and Livestock Australia (MLA), and experts from

academic research especially from communication and IS.
5.2.2 Sample Selection

The number of cases suggested by researchers varies. Some researchers suggest an open-

ended number of cases while others recommend a restricted range. The most appropriate

range falls between four and eight (Eisenhardt 1989; Perry 1998). For investigations, this

study approached eight livestock-farms from Western Australia. As with many qualitative

studies, this research employed purposive sampling rather than random sampling (Corbin
and Strauss 2008). The farms were chosen from the short-listed farms, prepared by the

discussion with several officials from DAFWA and MLA. The short-listed farms were

chosen by considering their diversity, voluntariness, interest and contribution to the
livestock community. More family-owned small-farms have been considered because small

farms are recognised as the major sector in the Australian livestock industry (Green 2009).

Table 5.2 summarises the profiles of each organisation. In this study, farmer is defined as

the decision-making unit of a livestock farm: for a corporate farm it is the ‘Manager’

whereas in a family-owned-and-operated farm it is the ‘Owner-Manager’. In both cases,

s/he is usually responsible for the day-to-day operation of the farming business and may
own or have a share in the business (Hooper 2010).
5.2.3 Participants’ Profile

All of the eight farms are situated and are operated in Western Australia. The respondent
farms consists two corporate farms and the rest are family-owned-operated farms (the
family-farms). Unlike family farms, the corporate farms have formal organisational setup

where employees run the whole business. Alternatively, usually the family farms do not
have formal organisational structure where mostly the family members are involved in

farming as a fulltime/part-time/casual worker, though sometimes they employ and/or
contract outside people. Bigger farms normally have one or more full-time employee(s). All
of the responding farms have been doing livestock business for many years. The corporate
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farms are in farming business for at least two decades where as the family farms relay the
legacy for more than a couple of decades.

Both of the corporate farms provided their respective Manager, responsible for the farming
business, for the interviews. One respondent per farm attended the interview for each

instance with only the exception at Farm B. Farm B is an inherited farm running by ‘a
couple’ with shared responsibilities. Both members of that farm actively participated in the
interview.

Table 5.2. Profile of the organisations. F: Family-owned-operated, C: Corporate

Farm ID

Farm type

Area (hectare)

No. of livestock

B

F

44

200 cattle, 40 sheep

A
C

D
E
F

G

H

F

C
F
F

C
F
F

352

20,000
300

2,800

10,000
1,000
1,114

560 cattle

12,000 cattle and 7,000 sheep
400 cattle

1,000 cattle, 130 sheep
8,000 cattle
800 cattle

7,000 sheep

The respondents are mixed with respect to RFID use. Most family farms are just the basic

user of RFID. Conforming to the legal obligation, they identified their cattle with RFID tags.

Farms that have both cattle and sheep use RFID only for cattle identification and/or
management. As the only exception, Farm H has implemented RFID voluntarily and has
been using in RFID sheep identification and farm-management applications.
5.2.4 Data Collection

This study involved face-to-face, one-to-one, in-field, and in-person interviews and
therefore all farms were within a 300 km radius of Perth, the capital city of WA. The

interviews were scheduled as per the convenience of the interviewees. Prior to an
interview session the participant was given a brief outline of the research purpose, the
ethical issues and charter, and the discloser policy of data. The interviewees were informed

that they could quit the interview at any time without any prejudice. Also they were

informed about the storage policy of data. Finally, a written agreement between the
participant and the interviewer was made in each case.
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The average interview time was around one hour. Reliability was achieved by using the

same interview-protocol for each case. The interviewer inserted the questions into the
conversation and prompted when needed. With the permission of the participants, the

interviews were recorded. Following Seidman’s (2005, p. 64) advice, while conducting the

interview the interviewer of this study did not take detail written-notes, but only short

notes. These “working notes” helped interviewer to concentrate on participant’s
comments. This also helped the interviewer to note a prompt question to be asked at a
later suitable time without interrupting the participant. Moreover, the interviewer
intended to convey the impression to the respondent that the interviewee pays the full

attention at all times by maintaining a regular eye-contact.
5.2.5 Data Analysis

A modus operandi approach (Scriven 1976), which consists of triangulating independent

indices, has been adopted for this study which is achieved by analysing the same factor

from multiple instances. The analysis also involved browsing information repositories to
find the participants’ views on similar issues. Interestingly, some of the comments (during
the interview) of two respondents came up as contradicting to their previous comments on
the same issues with another interviewer. In those cases, the participants were called again
to make their position clear.

To examine and analyse qualitative data, this study employed ‘content analysis technique’
(Siltaoja 2006) by comparing the qualitative data with the theoretical framework as well as

developing relationship between relevant concepts. Among “various ways” of content
analysis (Siltaoja 2006), inductive and deductive analyses were carried out (Berg 1989). In

the inductive phase themes, sub-themes, and concepts explaining variables, factors, and,
sometimes, measurement scales have been explored. In a later stage of inductive phase the
explored factors and variables have been ‘induced’ into a single framework which has been

compared with the initial research model (developed from literature, presented in Chapter
3). In this stage, this study followed both the theoretical replication as well as the literal

replication (Chan and Ngai 2007). Theoretical replication was made by contrasting cases

between respondents; while literal replication occurred where the cases were obtained
from their similarities.
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NVivo software from QSR International has been used in this study to analyse data. As

claimed by Bazeley (2007, p.2), “NVivo has been developed by researchers, with extensive
researcher feedback, and is designed to support researchers in the varied ways they work

with data”. NVivo “supports analysis of qualitative data” by managing data, managing idea,
permitting data query, developing graphical models, and reporting from data (Welsh 2002;

Bazeley 2007). By coding the interviews word-by-word using NVivo8, a number of ‘free
nodes’ were developed by naming each segment of data with a label. Each ‘free node’

summarised and accounted for each concept about the data. Later, ‘tree nodes’ were
developed from the free nodes, developed in the immediate earlier stage. Each tree node

became a prospective construct which consist a set of relevant free nodes with a similar
concept. For example, when the respondents were asked about the important

organisational factors for RFID adoption, twenty eight (28) variables (free node) were

explored. Combining the similar variable into one, ten (10) variables came up as distinct
variables. Later, those ten variables were grouped into two tree nodes, named “resource-

based factors” and “management-related factors”. Figure 5.1 presents the data analysis
process and Appendix D summarises the constructs, sub-constructs etc. And relevant

excerpts from the field study data.
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Conduct Interview

Inductive Process

Transcribe Interview
Data Analysis
Develop model from each interview
Develop an integrated model consisting all the
variables from each model

Deductive Process

Compare the developed model with the initial
model, developed from literature

Revisit the findings from the field study and

select the construct, based on the generality
and commonality

Finalise and justify the dimensions of the
constructs, based on the exiting literature
Comprehensive research model
Figure 5.1: Data analysis process of the field study, adapted from Mustamil (2010)

108

5.3 FINDINGS (1st Stage: Inductive Analysis)
This section presents the findings from the field study analysis based on the first stage of

content analysis. First it presents the factors and variables explored, then the relationship
between the variables, and finally the construction of the modified research model. Table
5.3 provides a high-level list of the factors and variables with subsequent frequencies.

Table 5. 3. Factors and variables supported by the field study respondents
Factor/Variable

Participant

External Pressure

A

B

Government pressure

√

√

Market pressure

Competitive pressure
Mimetic pressure

Normative pressure

√

√
√

External Support

Government support

√

√

Associative support

√

√

Vendor support

External Uncertainty

√

Organisational Factors
Size

Financial resource

√

Technical expertise

√

Knowledge-base

√

Management (positive) attitude

√

Geographical location
Innovativeness

√

Voluntariness
Readiness

Compatibility

√
√
√

√

√

√

D
√

E
√

√

√
√
√
√

√

√

G
√

√
√

√

√
√
√

√
√

√

√
√

√

√

√

√

√

√
√

√
√

√
√

√
√

H

√

√

√

√

F

√

√

√
√

Technological Factors
Complexity

√

√

√

(Quality) human resource
Slack resource

√

C

√
√
√

√

√

√
√

√
√

√

√
√

√

√
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Trialability
Cost

Standard

√

√

Expectations
Marketing advantage

Increased profit/revenue

Return on investment (ROI)
Cost saving

Better traceability

Improved productivity
Theft prevention
Confirmation
Satisfaction

√
√
√
√
√

Intention for Continued Use
Intention for Extended Use
Facilitating Conditions

√
√

√
√
√
√
√

√
√

√
√

√

√
√

√

√

√

√

√
√
√

√

√
√

√
√

√

√
√
√

√

√
√

√

√

√
√

√

√
√

√

5.3.1 Factors and Variables
5.3.1.1 External pressure
Government pressure: It is evident from the field study that government’s regulative
pressure is one of the main driving factors for RFID adoption in Australian livestock
industry. Four out of eight farms agreed that they adopted RFID only because it is

mandatory. Farm A, B, E, and G are directly influenced by the legislation and adopted RFID.
They all were unanimous to say “I just had to do it” (Farm A) or “would not go for this

system if it were not mandatory” (Farm E), “only the mandatory reason” (Farm B).

Apparently it is found that only 50% of the interviewed farms are directly coerced by the

legislation. But the reality is something different. This 50% would never adopt RFID if it
were not mandatory. Most of them waited until it became mandatory. Alternatively, the

other 50% have adopted RFID not solely as a voluntary activity but were somehow
influenced by the law, except Farm H. Likewise, the rest three farms were not influenced by

government pressure, neither solely a voluntary decision, but agreed that the legislation
worked as a catalyst which indirectly supports that government pressure leads farmers to
adopt RFID.
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“Though it was not mandatory at the time we implemented, two factors have driven us

to do so. First, we knew that it is coming as mandatory so needed to get into the front
foot. And the second one was we also wanted to try and investigate how the system
may affect or add another beneficial dimension to our business, [and also] to make sure

whether there is any glitches or hick-ups then we could actually solve those problems
prior to it become mandatory. ...There was a genuine push by the Department of

Agriculture for everyone to move in this way. I did not look at in as a pressure but it
was a heavily saturated awareness program.” (Farm C)

Farm C and H found it as a “commercial advantage”. Farm D did not find any sorts of
pressure and implemented RFID before it was made mandatory because of a ‘voluntary
initiative’. On the other hand, Farm H found “a hell of a lot” advantage from RFID and

adopted RFID completely voluntarily. Farm H supported the might influence of

government pressure on RFID adoption “there’s not many people that have adopted it yet
[in sheep] because it’s not mandatory to do”.

Market pressure: Apparently, not many respondents felt market pressure on RFID
adoption. “No market pressure whatsoever” (Farm B). Farm D, F, and H claim that “the

market pressure is there but you do not see it” (Farm F) because (1) the markets are
“already aware that NLIS is mandatory in Australia”, and (2) the pressure is absorbed by
the government and the government made the farmers to adopt RFID. At farm level, most

of the interviewees did not feel much pressure because the local market is not much

concerned about NLIS; “Consumers and customers do not care whether it has lifetime
traceability or not but looking (for) cheaper beef” (Farm G). On the contrary, Farm C, which

does direct exports, found the RFID system as a prerequisite for EU and Japanese market,

and therefore “looks after this system” as those markets are absolutely rigid about their
requirements. Interestingly, Farm B did not experience any market pressure but found

customers’ demand for RFID. Farm B named the “so-called” market pressure as “jargons
and hype”. On the contrary, Farm H argued: “You shut us out of Japan [market] and see
what happens to our industry. We only eat between 12 to 15 percent of our beef. So we

have to have [RFID traceability] whether these farmers like it or not. We need to guarantee

that we can sell that 300,000 ton in these countries Korea, Japan, and the EU. It is
mandatory (in these markets); so we have to do that”.
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Competitive pressure: Five participants (B, C, D, F, and H) found competitive pressure as

an important factor in adopting RFID, at least at the initial stage of RFID, during early 2010.

However, in this study the terms like competitive pressure, pressure from competitors, and
competitive advantage are used interchangeably.

“We found [NLIS] as a competitive advantage; not in Australia but internationally;

[the] complete traceability of NLIS eventually will help in the bigger picture in the export
market with more demand for beef” (Farm B).

However, Farm H argued that, in recent times, like international markets competitive
advantage is offered also by the local supermarkets. “Some feedlots who supply meat to
Coles and Woolworths are now paying a premium to the producers [for lifetime traceable

meat] which can be up to $40-50 per head” (Farm H).

“[…] We found (NLIS) as a competitive advantage. ….You have the competing
organisations pushing their products with better than the other one. Therefore if
you have got this sort of traceability in place, it would give your product a push in
the competitive market for a better position.” (Farm C)

As discussed earlier Farm F did not deploy RFID because of the compulsion; actually they

started tagging two years before the system made compulsory but found a commercial
advantage on RFID.

Mimetic pressure: Similarly, Farm A and B perceive that (sheep) farmers who adopted
RFID are getting operational-efficiency as they can manage sheep individually, not as a

flock. They also believe that those farmers are being treated favourably by the customers.

Also Farm H found that, by means of providing individual sheep-data, they can entertain
the customers with accurate data and customised product which insists them to adopt
RFID in sheep management.

Farm H also perceived that by means of providing individual sheep-data, farmers could

entertain the customers with more accurate data and customised product which insisted
them to adopt RFID in sheep management. Similar perceptions about gaining advantages
with RFID data is emerging.

Normative pressure: Farm C and H felt normative pressure of using RFID. Farm C stated

that one of the reasons to adopt RFID was to “take a leadership role” in their community as
“small farms around us expect that they would learn from our experience”. Similar type of
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normative pressure was observed by Farm F and Farm H. Farm H did “try to be different”
and to “to prove the RFID efficiencies and make [other farmers] convinced”.

5.3.1.2 External support
“[At the beginning] there was fairly a strong awareness program going on. The awareness
was made by the agriculture department, government staffs, and industry staff. Because

over here, you know, we have WA Farmers’ Association and Pastoralists and Graziers
Association, they were trying to encourage people. There was whole lot of political stuffs
going on. (Farm C)

External support is decomposed into government support, technology providers’ (vendor)
support, and the support from livestock related associations (associative support).

Government support: Most of the farmers agreed that government helped them to

embrace RFID technology at their farms. Still if they get stuck into any problem, the
relevant agricultural department is the first place they seek assistance from.

“I think the first thing the government could do [for us] what they’re doing already;
is to spread the gospel, just tell how (the farmers) can use it and how they can
make money out of it instead of just seeing it as a cost”. (Farm E)

Every respondent stated unanimously that the support from the government departments
made them to feel comfortable to adopt RFID. “..because the [Australian] government made
it (RFID) mandatory, it supported the cattle farmers but as the sheep farmers are not

mandated, the amount they did for us [in sheep identification] is next to nothing” (Farm H).
Farmers are satisfied with the counselling or troubleshooting supports from the
government department especially from the ‘field-days’ and ‘meat profit days’. All

respondents (except Farm C) unanimously agreed that incentives and tax-deductions will

increase the RFID adoption-integration. Farmers were very prompt in receiving tags when
there was a $1 subsidy on tags, initially. “Then they cut out (the incentive) really quickly”

(Farm A, B, D, E, F, G). Some farms (Farm A, and B) want to invest on RFID integration but
as they do not find a “guaranteed” return from RFID investment they ask for incentive or
subsidy in RFID systems. “Without the subsidy, it’s a bit of struggle. The farmers should get

subsidized tags and readers” (Farm A). However, Farm C does not support “if the total tag

cost is reimbursed to the farmers because it would send the farmers wrong message. It was
the lesson to blow for a management change; that’s really it came down to”.
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From the analysis of qualitative data, it is found that the Information and Communication

Technology (ICT) infrastructure did not have any influence on RFID adoption rather the
RFID adoption has a positive influence on upgrading the infrastructure, because

government needed to provide Internet facility, for example, so that farmers can upload

livestock-data into the MLA database. In many places satellite broadband has been made

available as the dial-up connection was too slow to upload data into the database: “now,
many of them have satellite broadband which was actually done by the government in the
remote area with subsidized price” (Farm G). Furthermore, because of the continuous

pressure from the farmers, the MLA (database) site has been made easy and user-friendly
though still the users are complaining that the site is slow and makes mistake.

Vendor support: Three of the respondents (Farm A, B, G) received support from the RFID

technology providers at the initial stage, however, currently the vendor support is
discontinued, while other two farms are still receiving it. It is apparent that the providers
were much proactive and supportive at the initial stage of RFID adoption. Farmers realised

the assistance from vendors and suggested that the providers could arrange “display
centres” where farmers would learn practically about the benefits and innovative uses of

RFID. Respondents (B, C, and D) found vendor support as helpful but not essential to adopt

RFID. However, others found that the vendors could increase the RFID adoption (for

sheep) by providing customised solutions, display centres, and publication on farm-

technical issues (Farm H).

Associative support: The respondents found that the livestock associations would

increase RFID adoption by organising workshops and publishing articles on RFID issues.
Six participants (Farm A, B, D, F, G, and H) do have a regular participation in their

associations. They realise that the associations “could do more than what they are currently

doing”. However, one interviewee (Farm D) felt that the associations are more concentric

on farming issues rather than on RFID practices; and recommended that the associations
need to be more serious about business issues such as marketing and enhancing the brand

image in international market. Alternatively, the respondents rose that usually they do not
protest any government’s-policy because they “do not have any political clout and are

paralysed to protest any government decision but to follow” (Farm G). A few of the

associations including Australian Beef Association (ABA) and Australian Livestock and

Property Agents were against the government policy to make RFID mandatory. “ABA was

saying that the beef industry was wasting their money and time introducing NLIS. From
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the beginning to date, they are against NLIS” which was criticized by one the participants

(Farm H), “ABA is dead against any improvement”. However, Farm H argued to increase

the involvement of respective association into RFID policies to “find the better future for
Australian [livestock] industry”.
5.3.1.3 External uncertainty

From the field study a mixed response was found regarding the influence of external

uncertainty on RFID adoption. This study finds that external uncertainty decreases RFID
adoption. Farmers refuse to adopt RFID if they smell an uncertainty about RFID. Sheep

farmers, who already invested to comply with Japanese market-requirement, are now
uncertain whether they could do business with Japan in the future because the Japanese

market is asking for more data. Some farms (Farm C, F, H) are going to satisfy those
markets’ demand and handle the uncertainty while for others (Farm B, G), the uncertain

Japanese and South Korean market does not convince them yet to adopt an extended RFID

system rather they would concentrate on finding new markets with less RFID

requirements such as in the Middle East, Lebanon, Dubai, Philippines, and Russia than
adopting RFID.

“[…] I can’t ignore the current demand from Japanese market as they are our

premium customers. I would go for the new requirement. It would also help us to
face the future. If another market demands for this extended requirement we are
already doing that, you know.” (Farm C)

Moreover, Farm A, E, and G perceived that a newer technology (such as new tattoo system
by which an animal can be read by a reader) may replace RFID, in future, which delayed
that RFID-adoption decision.

5.3.1.4 Organisational factors
Farm size: Farm size, rather than organisation size, is more appropriate in the context of

this study. Farm size can be defined in many ways such as by the number of livestock, the
number of people involved in farming, or by income of the farm. Most studies agree that

the number of employees is the most common measure of organisational size (Yao, Xu et al.

2003). The number of livestock, in defining farm size, has been considered in this study

because it was found that the extent of RFID adoption directly varies by the number of

animals (tags) which also is dependent on other variables such as resources. Bigger farms
tend to achieve “economy-of-scale”, try to exploit the full benefits from RFID, and
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simultaneously try and take leadership role in the community and therefore are more
likely to adopt RFID.

“We, a corporate farm, are pretty happy about being the early adopter of RFID in this

region. A lot of people turn to look upon us and we needed to meet their expectations
and to take some leadership role anyway. So that was why started up with”. (Farm C,
modified)

Intuitively, bigger farms (like Farm C, and F) are more interested in RFID and are the early
adopters. Relatively smaller farms are likely to have intimate knowledge about their herd

through interactions with the animals; Farm B virtually knows each animal without even

seeing the tag. Therefore, managing cattle with RFID for on-farm management is redundant

for that farm. On the other hand, managing cattle and record individual animal-

performance is quite impossible in Farm C, H or F. They found RFID has a “dramatic
capability” on handling animal.

Farm A, B, D and E responded that their decision to adopt any innovation is predominantly

shaped by the farm size. For example, Farm B is very eager to get the full potential of RFID
technology but the farm size does not permit it to accommodate more cattle – and having a
less number of cattle does not make further RFID-investment viable.

Thus, it is concluded that, generally, the RFID adoption and integration is directly
proportional to the farm size.

Human resource: Farms appreciate the quality as well as quantity of human resource,
required in farming. “It is absolutely frustrating that the supply of workers is always far

less than the demand. To the seasonal workers, I think, working in a mine is more
preferable than [working] at a farm” (Farm D). “I want to buy more cattle but I am by

myself too inadequate to fit more….Traditionally, the family members used to help (in)
farming. (But) my children are studying in Perth (urban areas). They are too busy to help
[me]. ..I tried but cannot get outside labour” (Farm A).

Along with the quantity of human resource, farms are even more concerned with the
quality human-resource. Farm G mentioned that it has a lot of innovative ideas but cannot
convert those into action as it has been struggling with finding quality workers.
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“Workers come here but do not last long. They are not committed; they are not

serious at all. I tried them to integrate into this (farming and outlet) system but they
do not simply care. Every time I get frustrated”. (Farm G)

Thus, the number of quality human resource is recognised as an important factor in
livestock farming. Increasingly, it is becoming a concern as well.

Financial resource: The participants in this field study considered financial resource as

one of the most important factors for RFID adoption and its extension and integration. As

minimal, to use RFID, they need to pay around $3.70 for each animal and also need pay
around “$2 each time the animal is read in a saleyard or abattoir”. Which means, to adopt

RFID, farms need have financial resources available. But “most of us (family farmers) are in
this industry for last 30 years are the oxygen of this industry but mostly became marginal

farmers. It seems like we have million dollar property but the reality is we live eat-to-

mouth…” (Farm B). On the other hand, farms that intends to get an extended RFID system
they also need to pay for the implementation, integration, and ongoing expenses of RFID
which include investments in hardware and software, ongoing support and maintenance,
and modifications to current systems. Farm B, D, and G supported that financial resources

are extremely important to adopt RFID and “honour and Utilise its merits”. Farm B
discussed that they have the intention to go to the next stage, got IT expertise, and the level

of IT use in the farm is excellent but because of the financial resource they can’t go to the
next stage.

Technical expertise: Technical expertise is considered as an important for RFID adoption

in livestock business. Farm B realises that technical expertise is needed to integrate the
farming technical know-how with the business and technology concepts. “If you cannot
map the farm requirements, the IT people would help nothing. It is our years of experience

which is converted into the technological operations”. Farm B also acknowledges that the
integration of expertise is more important than just having those. “[…] Tom does the

practical farm activities and Harry does the managerial activities. Tom has a tremendous
skills and expertise in farm activities while Harry has the IT knowledge and administrative

expertise. It took quite a long time before we realised our farm-productivity does not

increase as because their individual expertise was not integrated.” “[For an integrated
system] you really need a good IT person on staff to do it” (Farm H). It is summarised that,

the farms that do not have in-house expertise and cannot afford outsourcing, are lessinterested to adopt or extend RFID.
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Slack resource: Farms with slack resource tend to try new things and therefore more
likely to adopt and diffuse RFID. “As a corporate firm, we own town-sites. We use our

industrial and agricultural land holdings to support or [as a] buffer for our other

operations”. That’s why Farm C has “the luxury to try new things” which is not possible for

the marginal farmers like Farm B “without having the additional money you just won’t do
it” (Farm B).

Knowledge-base: Knowledge-base is important for any technology adoption. They
unanimously agreed that a strong knowledge-base is imperative to understand and use an
RFID system (Farm A, B, C, D, F, and H). From the analyses of the field study it is found that
farmers go through several stages in knowledge-creation and development process:

awareness, information-based evaluative knowledge during pre-pilot, the practice-based

knowledge during pilot stage, and the experience-based knowledge during adoption stage,
as shown in Figure 5.2.

Awareness

Experiencebased
knowledge

Informationbased
knowledge

Practicebased
knowledge

Figure 5.2: Developing and using knowledge-base; developed from the field study

Physical proximity: Geographical location or physical proximity comes up with mixed
observation. Farm A and B found that as they are close from the nearest city, they enjoy

more opportunity to learn RFID. They consider the proximity because usually the vendors’

offices are located in the cities, and the trade fair, technology fair, innovation exhibitions
etc. are mainly held in the city. Therefore, it becomes difficult to avail those facilities if a

farm is 2,000 km or so away from the nearest city. “We enjoy the benefit of being close to
Perth (city). We attend the Perth Royal Show every year which make us to feel to be

‘within’ and also exchange our views and ideas” (Farm B). However, Farm C, E, and H
oppose to consider ‘physical proximity’ as an important factor. They argued that

geographical location is becoming less prominent with the ever-spreading nature of
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Internet; “everything is there (Internet). You are not confined into your own farm and fully

depend on the (agricultural) officers to come so solve an issue” (Farm E). Farm H proved
that though his farm is few hundred kilometres away from Perth, he is one of the earliest

adopter of RFID “your passion and dedication is the main than anything else”.

Management attitude: Management’s positive attitude is necessary especially for the

corporate farms. Corporate farms need to follow the objectives and strategies of the parent
organisation. Therefore, a “positive attitude from the parent organisation is really vital” to
adopt and diffuse an innovation and technology. For example, Farm C do not face any

resistance or objectivity confliction as the parent firm supports the farm’s activity;
provided the activity falls into the firm objectives. “[…] We enjoy a continuous support

from our management to try new things. As a part of a corporate firm we enjoy a lot of in-

house expertise and a very long tradition of cultural support which motivates and supports
me to go for trying a new thing.”

Positive attitude is also important for family-owned-operated farms. “You really need a will

to want to do it and if you haven’t got the will to do it, well it’s never going to happen”
(Farm H). Farm A, C, and D stated that as they were positive toward using the new

technology (i.e., RFID), they agreed to let the agriculture department to use their farms in
the “field days” (a hands-on workshop conducted by the agriculture department. In that
day the government officials disseminate the facts and display the functionality of a special
farming technique). The direct lesson learnt from the field-days conversely helped them
tremendously to use RFID at their farms. Moreover, farms (Farm C, F, H) arrange employee
training which also supports their positive attitude toward RFID.

Voluntariness: Two of the interviewed farms consider farm-voluntariness as in important
issue that inspires RFID adoption. Farm D adopted RFID completely as “a voluntary
activity” who also arranged several field-days it her farm. Similarly Farm C stated that “[.. ]

our social goals include involving our people and the community in our business through
supporting trainees, developing education sites and holding field days”. [….] We are also

increasing our training, education and awareness raising activities in environmental,
agricultural and heritage areas, both internally and externally”. Farm C believes that their
voluntary attitude contributes to the surrounding farming activities.
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Readiness: Most of the family owned farms have financial and hence technological

constraint and therefore are not ‘ready’ in diffusing RFID technology, though they intend
to. However, they believe that government can play its role here.

“[…] we are not (ready) ready simply because the industry is not (ready). Merely our

motive is not enough. The industry should support the small farms more closely

because they are the people who are the oxygen of this industry serving this industry
for years, not like the multi-national corporal firms who came here for profit only. A

fair bit of government attention can translate our intention (into the extension)”.
(Farm B)

Innovativeness: The detail analysis of Farm C and H’s interview strengthen the influence
of innovations and adoption of innovation. However, to be innovative, Farm A and B

believes that education is important which Farm E rejected. Farm E and G found resources

are important to be innovative. Not education or resources but “personal desire to prove a

point, personal desire to be somewhere near the best, not to be satisfied with second best” is
considered as the most important to be innovative.

“I was the first one in Australia to use process-feed for lambs. …To survive in the

current time you have to be innovative. If you want to do what granddad did, you
want to get back in granddad’s time”. (Farm H)

Farm C advocated that “In Israel, [I saw] how bad they struggle with resources but utilise

them in innovative ways. Here [in Australia] we have got handful resources and waste
them. We should find innovative ways to use them 100 percent. Of course you wouldn’t
waste your time cutting a tree with chain-saw. Then why you waste the available

resources?”

5.3.1.5 Technological factors
Complexity: Family-owned farms, especially, perceive that RFID system is a complex

technology and would make things complicated; and were the laggard to adopt RFID. The

perceived complexity “actually came out of fear which was converted (later) into
reluctance” (Farm C). Most of the respondents do not have extended version of RFID use;

they have just tagged the animals with RFID tags and may have a hand-held reader. In this

fashion, they do not think that RFID is a complex technology. However, for farm-

management set-up, RFID is “definitely a complex technology to get all things together”
(Farm D). “Tagging animals with RFID tags is not complicated whatsoever but the RFID-
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integration with animal management systems requires additional effort” (Farm F).
Therefore, the sheep farmers who are not mandated to use RFID but want to use RFID for

farm-efficiency still perceive RFID as a complex technology and do not adopt it. The

perceived complexity is, therefore, is an inhibitor for RFID adoption.

Compatibility: Farmers were not expecting completely a new system of animal

identification but a new system which is compatible to their existing and ever practiced

farming culture, practices, technologies, and resources. The RFID tagging process is
completely compatible as farmers are tagging animals since decades in an exactly similar

fashion. However, collecting and recording data, synchronize with other applications, and
uploading data into MLA site is quite new but compatible with farmers’ existing systems.
“NLIS (RFID) did not conflict with our then existing system and practice rather I would say

it is quite smart a process; did not trouble us whatsoever. We better (should) concentrate
on the compatibility of our (NLIS) system with the international market requirement”

(Farm C). In this way Farm C raised the necessity of making NLIS data compatible with the
international market requirements. Farm C predicts that if RFID data can be made
compatible with the every international market, farmers would adopt it more quickly.

Trialability: Farmers perceived that RFID system can be implemented in a trial basis.
Farm C, F, and H found that trialability is important for them. Farm C and H first trialled

with identifying animals then installed the readers, the automatic weighing, then automatic

feeding machine and finally implemented the integrated system with every animal.

Therefore, it is confirmed by the farmers that trialability is an important factor for RFID
adoption-diffusion.

Cost: RFID is perceived to an expensive system. To more than half of the respondents,

RFID just adds a new cost. Every farm, except C, F, and H, is concerned about the
additional money they need to pay for the RFID system but “no return at all”. “If my

cattle are unsold for five times in a saleyard, I need to pay $20 only to read the cattle.

Who pays this extra money?” (Farm D). “ It was disappointing that the agents charge

much to read the tags. There was an assurance that they won’t charge anything to read
the tags; but they now charge $2 per each cow per each read (Farm G).

Australian government and the livestock industry have agreed to a ‘shared responsibility’

for RFID costs which considers that the costs for NLIS devices and equipments need to be
contributed by the supply chain members (producers, feedlots, saleyards, slaughterhouses,
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exporters, selling agents, retailers, and even consumers) while government would support
the basic infrastructure. Therefore, ideally, the RFID cost is supposed to be shared among

every member of the supply chain. However, in reality, “only the producers pay the costs”.

Therefore the respondents (Farm A, B, D, and G) urged that the RFID costs needs to be
distributed and shared by other members of the supply chain too.

“As because it’s for the customers to get food safety they supposed to contribute to

get a ‘guaranteed food’. It’s a sort of back-to-the-line to the producer in case of a
food hazard. We are not the only one who are getting the benefit from it.” (Farm
A)

Intuitively, perceived cost is the top priority, especially, to the small farms. Farms, like B or

G consider RFID as the “profit killer” and “the greatest white elephant of.. this industry and

it costs Australia over $30 per beast sold”. They stated that:

“The system can be enjoyed by only the big enterprises; particularly by the dairy
farmers”. The potential is great but you can’t reach to that level because of the

cost. There is a huge capabilities but it’s the case of one having can’t afford the
infrastructure to do it and all of that. (Farm B)

On the contrary, farms C, F, and H found RFID costs as the “cost of doing the business”.

However, they perceive that cheaper RFID costs will increase the RFID uptake in sheep and
increase the level of RFID use in farming.

Standard: There are many types of RFID components available in the market which
confuses the farmers and hinders RFID adoption. In Australia, especially initially, farmers

were confused while they find too many providers with many different types of tags and
readers. “….everyone was running around and tried to sell their equipment… that also has

increased the level of confusion to lot of farmers” (Farm C). They were scared of buying
tags and readers from different providers because they thought that the tags might not be
read in readers from different company (readability). That also brought the fear of not
reading the tags in different countries (interoperability).

From the field study a new type of standardisation has been explored. Respondents
reported that there is no standard form of “required” or “requested information” from the

markets. Different market wants different information about the animal. Most of the
markets such as Middle-East are concerned only about the traceability information but
Japan and South Korea is also concerned about more information such as date of birth, sex,
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breed, name and address of owner, location of fattening, date fattening commenced, and

slaughter date, and the names of all feeds and pharmaceuticals used in producing the

animal. The created the problem of adopting different systems for different markets which
may also be different from the national system. If they go for an extended system like the

Japanese requirement, farmers are afraid of not getting the extra cost from the other

markets which do not ask for it. “So it’s a bit of dilemma for us (Farm C)”. And more
importantly, farmers cannot afford two parallel systems for two different types of market

(Farm E). Lack of standards de-motivated the cattle farmers in the past and currently the
sheep farmers, which is converted into reluctance to adopt RFID.
5.3.1.6 RFID expectations

Numerous financial and business operational expectations have been explored from our

analysis, which directly inspired the farmers to adopt RFID. “Without the feature of
benefits, it is ludicrous (to adopt RFID); you just won’t do it” (B). “Lots of farms thought

that RFID would be a magic. When it comes with the reality, the level of expectation was
reduced” (C).

Marketing/competitive advantage: The most supported expectation from RFID-use is the

marketing advantage. Farmers adopt RFID with the expectation of developing a sustainable

marketing advantage or competitive advantage for Australian beef and livestock products

by maintaining and improving access to export markets. “…(RFID) would developing a
sustainable marketing advantage by maintaining and improving access to export markets..

it would leverage our image in the global market” (Farm G). Most farmers mean to get the

marketing advantage at national level, if not at the farm level. However, a few (Farm H)
argued that the marketing advantage can also be enjoyed from the local market, because
big chain stores are now more interested in traceability.

[…] We found it (NLIS) as a competitive advantage; not in Australia but
internationally. We implemented NLIS with the hope that (the) complete traceability

of NLIS eventually will help in the bigger picture in the export market. It might not
come back to our property here (farm level advantage), but in the bigger picture you

hope that Western Australia or Australia is gonna better off because everybody has
got it (Farm B).
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[…] we considered two criteria (in the decision to RFID adoption); one is obviously

the legislation while the other is the competitive advantage in the international
market (Farm C).

Respondents also expect that because of RFID traceability, Australian livestock market

would be expanded or make Australia easy penetrating into newer markets. Farmers
expect that RFID system “would enhance our ‘clean and green beef’ image in the global

beef market by enhancing its quality assurance system with fast and accurate traceability
functionality” (Farm F) which eventually would expand new markets in the world for them.

Farmers mentioned that the expectation of an expanding market was actually prompted by

the government institutions that inspire farmers that RFID would make a more secure
access to overseas markets.

Increased profit/revenue: Increased profit is the logical consequence of market

expansion; the more access to livestock market ensures more sell and thus more revenue
and profit.

“We can invest but in return we need to get the profit from that.” (Farm A)

[…] I expected (from RFID adoption) that the market will be bigger with more
options, in turn more demand for beef in general which will lift up the price of beef;
that was the hope in doing that.” (Farm B)

Farm H finds that RFID-based individual animal identification system as a means of

enhancing profitability of its own farm operation by tracking and managing individual
sheep rather than by groups.

Return on investment: Most of the farmers expect a quick and positive return on

investment (ROI) from RFID.

“Without seeing the return we are not gonna put money on it; as simple as that”
(Farm E).

[…] If it is worth doing it you would do it and if it is not worth doing it, you would not

do it. So without seeing the return by doing it we are not gonna put money on it; as
simple as that (Farm B).

Most family-owned farms, in this study, expect a positive ROI from RFID and it must within
two years. Other small farmers do not know or do not calculate the payback period of their
RFID investment though they expect a quick and positive ROI.
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Cost saving: Farmers expected that, in the long run, RFID would save costs by reducing
labour, transaction documentation costs, and cost saving on data collection by automatic
systems. Farm H explained how cost-saving is achieved by an RFID system.

“It’s great to be able to identify lambs that are not doing so well. We can draft them
out and manage them separately or get rid of them (sell them). And then we can look
at their breeding, environment or temperament. It saves out costs because all
identified lambs are treated differently than others. A real good lamb that’s been
bred properly with the right genetics will yield between 48 and 52 percent carcass to
its body weight. A bad one will go 39 to 42. If we’re paying $100 for the good one and

there’s a 10 percent differential that’s $10. So if we’re killing 1,500 (sheep) a day –

(altogether) $15,000 (difference). And if you multiply it by 365 days and see where it
comes”

Farm C recognise that after implementing RFID, they require less labour “because we now

weigh them automatically, draft them automatically, and store the vaccination history
quickly. Also at office it required less working hour because the acquired data is now

downloaded in a matter of blink”. Therefore, the savings are based on the ability to manage
the animal more appropriately by evaluating their actual performance rather than eyeball
estimates: “reducing interest on the poor doers and appreciating the good ones”.

Better traceability: Traceability is the fundamental reasoning and the main expectation

from a nationwide RFID-adoption. Ideally “it would identify individual animals at birth and

track their movements until slaughter” which would generate a lifetime record of each

‘interested’ animal during a disease outbreak. Most of the respondents agree that RFID
system can provide a better traceability record whereas Farm D and G are cynical about

that. Farm D referred to the Australian Beef Association (ABA)’s report which showed that

RFID system do not provide more than 65-85% traceability. However, Farm H advised not

to rely on this report which he suspects as a manipulated one “if you believe in them you
believe in Father Christmas because we proved that (they are) wrong”.

Improved productivity: Farmers sincerely expect that RFID systems would improve their
farm productivity by reading the animal ID automatically. “..I am using RFID stuffs to help
out recording animals, .. I get lot out of it instead of searching though my registers for a
particular cattle; way too easy identifying each animal on my farm” (Farm A). Therefore
farmers expect that, not only the marketplace but also on own farm, RFID can provide a
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competitive advantage as each animal can be managed uniquely with storing and providing
more information than other competitors. “Not only just through the marketplace but
identifying each animal on the farm, there are the (most) benefits” (Farm F).

Similarly, they expect that an RFID-enabled animal management system would make the

farm-operations (drafting, recording weight, fat-gain etc.) automated and hence would

improve farm effectiveness and efficiency. Productivity can be achieved in many ways. For
example, farms do not need to master the whole lot to find a specific animal (practically, a
group of animal) one-by-one relying on eyesight, rather they now can do it automatically

by a panel reader within a short time.

“There are so much benefits that you can imagine from it (RFID system). We can

easily collect sheep data and then auto-draft individual animals based on the figures”
which “usually require at least three people, now by a single person. You can use it

(RFID) as a management tool to improve the bottom line. It's valuable even if the
government never makes it mandatory (for sheep). We’re putting 3.7 million sheep

overseas this year (2010). If we can improve the productivity by 10 percent, it’s
going to be as good as the mining industry” (Farm H).

Theft prevention: Theoretically, RFID could provide better proof of ownership and thus

reduce stock theft. The Australian Police claim that because of the contemporary RFID tags

they prevent animal theft more accurately. However, farmers (Farm A, B, D, G) do not think
that it really can happen; “tags can be taken off and (thieves can then) put on a new tag”
(Farm A). However, the proof of theft would be unquestionable if they use the bolus tags
which are more expensive and difficult to apply.
5.3.1.7 RFID adoption
After a trial of six years, in 2005, the Australian government made RFID technology

mandatory to identify the cattle, which leaves no option for the cattle farmers but to adopt
RFID. It is a situation like “either accept (RFID) or stay out of the business”. Meanwhile,

though RFID is not mandatory for other animals, some farmers voluntarily adopted RFID to
identify and manage their sheep, horse, and pig. “It’s disappointing to me that there hasn’t
been a bigger uptake (in sheep industry) but I think as the tags get cheaper as technology

improves, you will find a lot bigger uptake” (H). Following the RFID adoption, most farmers
evaluate the performance of this system at farm level to justify their RFID investments.
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5.3.1.8 Confirmation
At the confirmation stage, the respondents evaluate how far their expectations are met.

Moreover, based on the confirmation level, they seek required actions to reduce the
dissonance level.

Market advantage is one of the greatest motivations of adopting RFID. However, most of

the interviewees (Farm D, E, and G) are not convinced that this system made it easy to
penetrate into new markets and think that the expectation of “getting an international
marketing advantage because of NLIS, which would open new markets, unfortunately did

not happen”. Farmers worry that this type of disappointment would influence RFID
adoption negatively for sheep or other animal identification and management practice.

However, Farm H suggests that RFID cannot be blamed solely for this “disappointment”.
“Australia, we’ve been our own biggest enemy because we haven’t been squeaky clean in

lot of ways. We’ve used a lot of countries as dumping grounds. Rather than trying to sell

them the best product, we’ve just dumped them whatever we wanted to. …You want to do
everything to the best of your ability and make sure it’s right, but some of them are a bit

ruthless in that respect”.

In terms of effective animal-identification, Farm A finds RFID system as a tool for business

process improvement and believes that RFID has improved its farming practices. “My

tagging system now is more refined”. Others farms also find that RFID tagging system
permits them a consistent system of tagging and managing the stock. It also reduces
potential conflict among neighbouring farms in identifying cattle (Farm A).

Participants discussed about some disconfirmed issues including return on investment

which deter them to use RFID. However, Farm H thinks that confirmation depends on the
positiveness of the farm: “Instead of thinking the bucket is half-empty you think the bucket

is half full, you’ve got a different impression as to what of results you’re going to get. But if

your mind is made up before you even do anything, you’re not going to try, and I think
that’s been a bit of an indictment on some people but it’s true. .. they don’t appreciate how

difficult some things can be, and they expect it all to happen overnight, and it doesn’t work
that way” (Farm H).

Obviously, every participant has not got the same judgment. Half of the participants (B, D,
E, G) believe that their expectations are not been confirmed. “…to me, I thought that it was
going to be better benefit associated with that and there would be a positive return either
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out of our investment or we were going to be assisted more to implement it. So that why

my expectations are not been met (respondent 1, farm B). We probably are getting less for
our animal than when NLIS first was introduced. Something is going wrong (Farm A).

The expectations of the other respondents are confirmed, to some extent. ..my expectations
are met (respondent 2, farm B). “Our expectations are being filled. I would not say that ...it

is positive [yet]. I think, once it is deployed the industry is seeing the benefits; we the

businesses are seeing the benefits. I guess, at the end of the day, the expectations has been
fulfilled; that’s for sure (Farm C).

At the confirmation stage, the respondents seem to reduce their dissonance. At the initial

stage the proactive farmers tended to reduce the negative perception by seeking
information and knowledge from various sources while other farmers depended just on

the “field day. In this way, their perception was slightly modified towards positive. After
identifying few animals with RFID tags, most of the farmers found that RFID is not that
complex as was perceived so then they went for further RFID-usage. However, as

complexity increases with the RFID integration farm C and F outsourced during the RFID
integration. However, as the small farms cannot afford outsourcing the perceived
complexity posits to be an inhibitor for RFID adoption and diffusion.
5.3.1.9 Satisfaction

Farms B, D, E, and G are not satisfied at all with RFID and would discontinue its use if were
possible. Alternatively, the satisfied participants are convinced with the service quality of

RFID and hence intend to use RFID at their farms. Interestingly, all of the participants
(except E) are satisfied with the traceability capacity of RFID. “In July 2008, Russia

discovered contamination from the Australian meat. It took us just couple of hours to find
out the source and affected farm” (Farm C). “When we had an outbreak of anthrax in

Victoria and down here in WA, we were able to isolate those cattle within 12 hours” (Farm
H).

It is pretty well system to get and feel more relax ...(Farm A)

[…] I am disappointed. I have had high expectations. I did think that more assistance

and benefits would have been forthcoming to see the big picture. Truly, I am not that
satisfied as I expected from it (respondent 1 in farm B).

128

[…] the potential is enormous on a larger scale. But on a smaller scale the potential is

limited. That’s all. However, I am satisfied in the amount of what I expected from it. I
was sceptical from the very beginning (respondent 2 in farm B).

Apparently, it is very likely that the satisfaction judgment would depend only on the
traceability capacity of RFID because, most of the farms (except C, F, and H) use RFID only
to identify their cattle and hence are unable to be dis/satisfied with other applications of

RFID.. However, C, F, and H intend to continue RFID use because they are satisfied with
RFID.

“By having it on an individual basis with RFID tags, it takes all the paperwork and

mistake that can happen out of the system. Once they’ve got a tag in their ear,

they’re identified for life and then basically the only time something can go wrong
is if they happen to lose a tag. So far we haven’t lost very many tags at all, probably
less than one percent. So that’s very good, very good”. (Farm H)

5.3.1.10 Intention for continued use

In Australia, RFID is mandatory for cattle identification. Therefore, the farmers have no

choice but to abide by the law, regardless of their confirmation or satisfaction status.
However, is very important to examine whether the farmers really intend to use RFID or
are using RFID as only because of the legislation. Because, if the farmers have a strong

intention toward continued use of RFID, it is likely that eventually they will extend its use
in identifying other animals and/or use RFID for other livestock-management activities.

With a varying degree of ‘confirmation’ most of the participant intent to keep continue the
use RFID though two (Farm D, G) participants are “cynical to this system” and have a
strong resistance for RFID and “will discontinue (RFID use) whenever possible”. Others are

in a position “I’m not using 100 percent at the moment but I’m building my way into it and
eventually I will”. The farmers found RFID as the best technology to identify their animals
although they wish to get RFID tags at a cheaper price. The advanced farmers who have

been using RFID for animal management, along with the identification, are “absolutely in

favour of this technology”. With a varying degree of disconfirmation, the satisfied farmers
with high self-efficacy intent to keep continue the use RFID.
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5.3.1.11 Intention for extended use
After the initial adoption, farmers may explore complementary benefits of RFID and form
the intention towards using RFID for extended purposes. Similarly, the experience they

gained through the initial adoption could provide greater confidence to assimilate RFID
more effectively. The extended RFID applications are reported as automatic drafting,

automatic weighing, sharing data with supply chain members, automatic feeding, storing
more animal-specific data such as vaccination dates, automatic feeding, generating
breeding history; not merely identifying animals with RFID tags.

“I love to do many new things but I can’t do it, you know, I have not got the money, ...

and I need to consider just maintaining the things now. But if I survive, and I will, I
definitely will try those (extension) things”. (Farm D)

“We already have evaluated for further applications but it is not viable. We will not

think again unless the price of tags or other components, the complete setup

including computer program, come down. It is not the point to just buy the reader

but the complete setup of installing the reader with automatic weigh machine, the

software to transfer the data. For that we need at least $3,500 and for us still are
expensive. At this moment …. not that much.” ( Farm B)

“Maintain the status-quo at this moment. If the price of cattle increases and they
would offer any incentive or tax deduction or something else by which we could get

some benefit back immediately, we would implement it or consider it seriously.”
(Farm A)

“Yes, sure, there is no doubt about that; anyone who doesn’t he is kidding
themselves.” (Farm C)

“It did not really eventuate that the extra would collect. It is not economically

worthwhile and there was no economic rationale for collection of extra data.” (Farm
G)

5.3.1.12 Facilitating conditions
Some new issues were evolved from the field study: the transition from intention to actual
extension depends on some factors. As explored from the analysis these factors include

attitude, farm-size, self-efficacy, external assistance, reasonable return on investment,
market demand, and most importantly, the availability of financial resource; these factors
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have been considered as facilitating conditions. For example, while the management must
feel that there are management-benefits for extended use of RFID, they also have to have

sufficient resources available. Organisations also need to be innovative and be supportive

to the staff so that they tend to be to be innovative to seek for improvements.

“We need to sure that they [market] asks for that [the extended data] .” (Farm B)
“...The costs should be recovered while the profit is there.....” (Farm G)

5.3.2 Relationships among Factors

The matrix consisting the relationships among factors is a quick and concise

representation of the explored variables and factors explored from a qualitative analysis.

Therefore, development of the relations among factors have been considered as an
important task during a qualitative data analysis (Xu 2003). This study develops a causal
linkage table (Table 5.4) that presents the relationship among factors.

Table 5.4 Causal linkages among the factors - explored from the qualitative analysis
Linkage

A

B

C

EP → ADP

√

√

√

ES → ADP

UNC → ADP
CPX → ADP

√

√

CPT → ADP

√

√

CST → ADP

√

√

OR → ADP

√

√

EXP → ADP

√

√

TRT → ADP
STD → ADP
MF → ADP

EXP → STF

EXP → CFM

ADP → CFM

√
√

CFM → STF

√

SE → CI

√

STF → CI
CI → EuI

FC → EuI

√
√

√
√
√

√

D

√

√

√

√

√
√
√
√
√
√
√
√
√

√
√
√
√

E

F

G

H

√

√

√

√

√
√
√

√
√

√
√
√

√

√

√

√

√

√

√
√
√
√

√

√
√

√
√
√
√
√
√
√
√
√

√

√
√

√

√

√
√

√

√
√
√

√
√
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Abbreviation for:

EP – External Pressure

CST – Cost

STF – Satisfaction

UNC - Uncertainty

OR - Organisational Resource

CI - Continuance Intention

ES – External Support

STD - Standard

CPX – Complexity

MF – Management-related Factors

TRT - Trialability

CFM – Confirmation

CPT – Compatibility

EXP - Expectation

SE - Self-efficacy

EuI - Extended-use Intention
FC - Facilitating Condition

This table has been developed from the interview analysis, presented in the previous
section (5.3.1). The table established the relationship between factors. For example, the

notion of EP → ADP represents the influence of External Pressure on RFID Adoption. It is
observed that all farms except D find that External Pressure has a direct influence on their

decision to adopt RFID at their own farm. This relationship between these two factors was
observed from their statement: “I just had to do it” or “would not go for this system if it were

not mandatory”. Similarly, “we took (adopted) it as it is promising” indicated the positive
role of ‘expectation’ on ‘adoption’. However, where it was not possible to draw a
relationship fromdirect comments, detailed data analysis was performed. For example,

several factors came up from casually comments of the participants. “I will [extend RFID
use] but first ‘show me the money’” (Farm D) explored the ‘guaranteed return from

extension’ measure of ‘Facilitating Conditions’, which has been perceived as an antecedent

factor for ‘Intention for Extended Use’. Similarly, in order to establish the relationship
between ‘expectation’ and ‘satisfaction’ the objective judgments of the respondents have
been considered: “........This is what [the system] should be.......I am in favour of this smart
[RFID] technology”.

5.4 COMPARISON BETWEEN FINDINGS OF THE FIELD STUDY AND THE INITIAL
MODEL (2nd Stage: Deductive Model)
Most of the variables in the field study have been supported by literature which is
discussed in Chapter 3. This section discusses the factors which are either evolved from
field study or are different from the existing literature.

The field study revealed that RFID adoption requires the support from the peer
associations. Livestock industry consist associations of relevant farmers. The livestock

farmers formed Livestock Export Association, Australian Beef Association, Livestock
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Saleyard Association and so on. The respondents argued that the associations can play a
role in government’s policy regarding RFID adoption. The associations also convey

technology information and offer assistance for RFID implementation. This is consistent
with Gelb and Bonati’s (Gelb and Bonati 1998) study that found that peer associations play
an important role in Internet adoption by disseminating information and subject matters.

Literature gets mixed results regarding the role of external uncertainty on RFID adoption.

The field study supports the negative influence of uncertainty. The interviewees claim that
external uncertainty deters them from adopting and/or extending RFID technology.

The field study explored the concept of ‘data requirement’. It is found that RFID adoption
requires the standardisation of data sought by the customers and/or markets. This special

type of standardisation is not new at all. Whitaker et al. (2007) mentioned about the ‘data

standards’ for inter-organisation information systems. They emphasised that data

standards make it easy for firms to communicate, interpret, and understand information;
and are an essential feature of information systems (Markus, Steinfield et al. 2006; Zhu,

Kraemer et al. 2006). Data standardisation is somewhat similar to the ‘document
standardisation’ explained in IOS studies. Williams et al. (1998) argued that lack of

document standards is considered a barrier to IOS adoption because common standards
for preparing document enable firms to share information with their supply chain partners
to coordinate and collaborate (Rai, Patnayakuni et al. 2006). Similar to the IOS studies,

despite the fact that data standard is critical success factor and potential barrier of RFID
adoption; few researches have emphasised on and examined this issue (Curtin, Kauffman
et al. 2007).

The field study exemplifies the role of self-efficacy on continuance intention. Scholars
define self-efficacy as the individual judgment of a person’s capability to perform a
behaviour (Pavlou and Fygenson 2006). In the current organisational context self-efficacy

is a subjective evaluation of a farm in respect to its confidence in using an innovation. The
attitudinal dimension of self-efficacy, therefore, measures the level of efficacy perceived by

the farm. In this study, self-efficacy is not operationalised at individual level but at the
organisation level which might be constituted by individual employees’ self-efficacy
perception.
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5.5 JUSTIFICATION OF THE FINDINGS IN THE LITERATURE REVIEW
With the support from literature this section provides the justification of the selected
constructs and dimensions that were developed from the field study. It is emphasised that
the factors and dimensions that were derived from the field study, on the basis of

commonality and consistency, are also supported by the existing literature. Therefore, this

justification establishes the competency and adequacy of each construct and dimension in
the existing literature. Table 5.5 presents the factors and the dimensions that have been
finalised and the relevant support from literature.
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Table 5.5: Justification of the findings of the field study variables with literature
Construct

Factors

Sources

External

External pressure

Quaddus and Hofmeyer 2007; Teo et al. 2003; Robertson and Gatignon 1986; Li and Visich 2006;

External support

Kettinger 1994; Scupola 2003a, b; Cheng and Yang 2007; Ruttan 1996; Ghadim and Pannell 1999;

Environment

Organisational
Factors

Uncertainty

Resource-related
factors

Management-related
Technological
factors

factors

Complexity

Compatibility
Trialability
Cost

Standards
Expectations

Monetary expectations

Sharma and Citurs 2005; Wen et al. 2009; Davis 1989; Daniel and Grimshaw 2002; field study
field study

Huyskens and Loebbecke 2007; Lin and Ho 2009a, b; Schmitt and Michahelles 2009; field study

Patterson et al. 2003; Spencer 2003; Huyskens and Loebbecke 2007; O'Callaghan et al. 1992; Lin
2009; Lin and Ho 2009a, b; Ranganathan and Jha 2005; Sharma and Citurs 2005; Brown and
Bakhru 2007; Pannell et al. 2006; Tsai et al. 2010; Brown and Russell 2007; field study

Schmitt and Michahelles 2009; Hoske 2004; Asif and Mandviwalla 2005; Tsai et al. 2010; Brown
and Russell 2007; Lin and Ho 2009a, b; field study

Chang et al. 2008; Schmitt and Michahelles 2009; Shih et al. 2008

Chang et al. 2008; Schmitt and Michahelles 2009; Shih et al. 2008; field study
Roitman et al. 1987; field study

Brown and Bakhru 2007; Sharma et al. 2007; Schmitt and Michahelles 2009; field study

Moon and Ngai 2008; Juban and Wyld 2004; Sharma and Citurs 2005; Cheng and Yang 2007;
Brown and Russell 2007; Schmitt, Michahelles et al. 2008; Krasnova and Weser 2008; field study

Schmitt and Michahelles 2009; Looi 2005; Ranganathan and Jha 2005; Lee and Shim 2007;
Brown and Russell 2007; Sharma and Citurs 2005; Sharma et al. 2007; Linder 1987; Cheng and

Yang 2007; Shih et al. 2008; Davis 1989; Premkumar and Roberts 1999; Daniel and Grimshaw
Business-process
Confirmation
Satisfaction

expectations
-

2002; field study

Brown and Russell 2007; Shih et al. 2008; Davis 1989; Premkumar and Roberts 1999; Daniel and
Grimshaw 2002; field study

McKinney et al. 2002; Khalifa and Liu 2003; Yen and Lu 2008; Oliver 1980a, b; field study

Oliver 1980a, b; Westbrook and Oliver 1981; Churchill and Surprenant 1982; Bearden and Teel
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1983; Oliver 1980a; McKinney, Yoon et al. 2002; Sørebø and Eikebrokk 2008; Müller-Seitz et al.,
Self-efficacy
Continuance
Intention
Facilitating

-

condition
Intention

-

for

Extended Use

-

2009; Khalifa and Liu, 2003

Venkatesh et al. 2003; Bhattacherjee et al. 2008; Igbaria and Iivari 1995

Oliver 1980b; Anderson and Sullivan 1993; Oliver 1993; Yi 1990; Bhattachejee 2001; MüllerSeitz et al. 2009; Khalifa and Liu 2003

Ghadim and Pannell 1999; Ghadim et al. 2005; Feder and Umali 1993; Agarwal and Prasad 1998;
Bhattacherjee et al. 2008; Venkatesh et al. 2003
Birkhaeuser and Evenson 1991; field study
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5.6 THE COMPREHENSIVE RESEARCH MODEL
As discussed explained earlier, a comparison was made between the initial model and the
findings of the field study. Then, justifications of the selected constructs and dimensions
were made. As a result, this section proposes a comprehensive model for the current
research. Figure 5.3 illustrates this comprehensive model.

The comprehensive model (Adoption, Continuance, and Extension model (ACEM)) argues

that satisfaction is obviously a primary requirement for continued intention for RFID use,
but adopters have to have required level of self-efficacy (Hsu, Chiu et al. 2004;

Bhattacherjee, Perlos et al. 2008) otherwise they would feel uncomfortable using RFID and

would intend to discontinue RFID use. Moreover, as evident from the analysis, ACEM

emphasises more in expectations than the perceive usefulness of RFID. This study argues

that perceived usefulness construct works well only in a voluntary environment. However,

in a mandatory environment, the adopters expect some outcomes from the innovation

rather than rely on the perceptions, although some perceptions are inevitable and
persistent. Furthermore, ACEM argues that the ECM overestimates the role of post-usage
perceived usefulness in the expectation-satisfaction-continued use process. Instead,

expectation is a more considerable construct which includes diverse variables including
usefulness, effectiveness, profitability, operational cost-reduction, traceability, etc. ACEM

also urges that the pre-usage expectations should not be underestimated because these are

the basis of the expectation-confirmation-satisfaction process. Finally, contrary to ECM,
ACEM proposes that “expectation” influences the “confirmation”, in other words,
confirmation is dependent on expectations. Here, confirmation is not merely a
“measurement step” (Hossain and Quaddus 2011b) but is a behavioural-stage where the

adopters judge their adoption decision. Based on their confirmation level, the adopters

may intend to adjust or modify their expectations and adoption decision by seeking
specialized advice (Rogers 1995), for example. ACEM adopted the ECT approach to

eliminate “performance” construct from the main model. Finally, contrast to TOE and

similar to IDT, ACEM finds the TOE factors as independent. For example, the external
environment, by definition, is beyond any organisational control and thus is not dependent
on organisational or technological factors (Schmitt and Michahells 2009).
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Organisational Factors

Resource
• Size
• Financial resource
• Technical expertise
• Human resource
• Slack resource
• Knowledge-base
• Location

Technological
Factors

Management
• Attitude
• Innovativeness
• Voluntariness
• Readiness
• Risk attitude

Self-efficacy

Ease of use

Compatibility

Trialability

RFID Adoption

Confirmation

Continuance
Intention

Intention for
Extended Use

Extended Usage
Behaviour

Cost
Lack of
Standards

RFID
Expectations
Pressure
• Government
• Market
• Competitive
• Mimetic
• Normative

Support
• Government
• Vendor
• Associative

Uncertainty
• Market
• Technology

External Environment

Monetary
• Marketing advantage
• Increased sell
• Increased profit
• Positive ROI
• Cost saving
Business-process
• Traceability
• Effectiveness
• Efficiency
• Productivity
• Theft prevention
• Farm-management

Satisfaction

Facilitating
Conditions
• Resource
• External support
• Profitability
• Market demand
• Risk attitude

Figure 5. 3: The comprehensive research-model
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5.7 SUMMARY
This chapter presents the findings of the field study and proposes a research model.

Qualitative data were generated from eight interviews conducting among eight farm-

managers in Western Australia. The main objective of this field study was to test the

applicability of the initial model proposed earlier, and to explore the dimensionality
of related constructs. Overall, ‘content analysis’ technique consisting inductive and
deductive phases were employed to analyse the data. Moreover, theoretical as well
as lateral replication was used in the deductive phase. Factors and variables, and

some measures, have been explored which have been further scrutinized under the

light of literature. Moreover, relationships among factors have been established.
Based on the analysis, a combined model (integrating all factors and variables from

each interview) was developed. Later, this model was compared with the initial
model (derived from the literature review) to propose the comprehensive research

model. This model demonstrates the ‘complete’ process of RFID adoption, and
continued and extended usage behaviour of livestock farms in Australia. In the next
chapter (Chapter 6), hypotheses will be developed from this comprehensive model
which will be further examined with quantitative data (Chapter 7).
C
Cc
C
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CHAPTER 6
HYPOTHESES AND QUESTIONNAIRE DEVELOPMENT

6.1 INTRODUCTION
Referring to the comprehensive research-model (Figure 5.3) developed from

literature and the qualitative field study, this chapter presents the development of

hypotheses and quantitative research instruments. This chapter first presents the
hypotheses. Then subsequent sections present the development of research

instruments. Most of the instruments are developed from literature while are
contextualised in the context of the current study. Similarly, the items developed

from the field study were verified by the existing literature. It is worthwhile to
mention here that, while developing the hypotheses and the measurement

instruments, this study emphasised on the farm-level factors rather than the
individual factors. For example, while discussing the ‘external support’, this study
finds the supports which are provided to the farm; not to the employees. Similarly,

‘self-efficacy’ deals with the confidence of the farm, not of a user, to handle an RFID
system on its own.

6.2 HYPOTHESES DEVELOPMENT
6.2.1 Hypotheses related to External Environment
External environment has been recognised to play a very significant role in adoption
diffusion research and so as for RFID adoption (Sharma and Citurs 2005; Wen,

Zailani et al. 2009). Literature on RFID adoption found that external environment has
a significant influence on RFID adoption (Zhu et al. 2003; Brown and Russell 2007;

Lin and Ho 2009a, b; Schmitt and Michahelles 2009; Wen et al. 2009). Similarly, the

field study also revealed that RFID adoption is generally influenced by the external

environment.

As found from the literature and field study, external environmental factors can be
decomposed and then grouped into external pressure, external support, and external
environmental uncertainty. The following three sections present the influence of
environmental factors on RFID adoption.
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6.2.1.1 External pressure
External pressure has been considered as a significant factor in RFID adoption
research (Matta and Moberg 2007; Schmitt and Michahelles 2009). Literature reveals

different types of external pressures. Scupola (2003b) found that government

regulation can either encourage or discourage the adoption of innovation. Luo et al.

(2007) considers government policy and/or legislation as one of the leading

challenges which also acts as a positive catalyst for RFID adoption. In practice,

because of the slow adoption rate of voluntary NAIS (National Animal Identification
System) in USA, livestock industry organisations and the consumer advocacy groups
urged to the Congress to make NAIS mandatory as the “only way to get all segments

of the food chain coordinated” (Schnepf 2009). Other researchers found that

increasing market pressure by consumers and (resource dominant) organisations (Li

and Visich 2006; Chang, Hung et al. 2008; Schmitt and Michahelles 2009) are the

ultimate reason to adopt RFID. Such impositions by the supply chain partner are

prevalent for RFID because of its network nature, like EDI (Iacovou, Benbasat et al.

1995). Apart from government pressure and market pressure, one of the main

sources of external pressure to adopt RFID is the pressure due to fierce competition
(Iacovou, Benbasat et al. 1995; Chang, Hung et al. 2008). Internationally, as more and

more competing countries are becoming RFID-enabled, livestock farms in Australia

are more inclined to adopt RFID in order to maintain their competitive position.
Similarly, at national level, the presence of competitive pressure is increasingly
becoming more visible than ever before because of the promotion of major

supermarkets in favour of meat traceability (Baker 2005). Finally, supported by Teo

et al. (2003) and the field study, livestock farms also can feel the mimetic pressure as
well as normative pressure to be inspired to adopt RFID. Scholars have combined

and explained mimetic and normative pressure as the subjective norm in individual
adoption research (Ajzen 1991; Davis et al. 1989; Fishbein and Ajzen 1975; Taylor
and Todd 1995a; Venkatesh et al. 2003).

Considering the external pressure as a combination of the abovementioned factors,

the hypothesis suggested as:

Hypothesis 1 (H1a): External pressure will have a positive influence on
RFID adoption.
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6.2.1.2 External support
Literature supports a direct and positive relationship between external support and

innovation adoption (Rogers 1995; Scupola 2003a, b). External support may come

from various sources in different forms, depending on the type and nature of
application. Among the various sources of support, it is well-accepted that

government can play an important role in RFID adoption through

providing

counselling, training, incentives, facilitating research and development (Luo, Tan et
al. 2007), and building and enhancing the infrastructure (Scupola 2003a, b; Hossain

and Quaddus 2009b). Also, as evident by the field study and literature, supports from

vendors and technology providers is also very important (Huyskens and Loebbecke

2007) as many livestock producers may not have the internal expertise to trial and

implement RFID projects, and would then rely on external providers (Lee and Shim
2007). Finally, as explored from the field study, the support from the peer farmers,

and relevant associations (associative support) is important to realise the benefits of

RFID, the implementation processes and procedures of RFID, and thus have a
contribution on RFID’s adoption.

In a collective manner, external support consisting of government, vendor, and
associative supports, the following hypothesis is presented:

Hypothesis 2 (H1b): External support will have a positive influence on RFID
adoption.

6.2.1.3 External uncertainty
Lee and Shim (2007) found that market uncertainty drives RFID adoption as demand

uncertainty tends to increase farm’s incentive to adopt new technologies. Other
studies found the similar result explaining that an environment with higher

instability would make a farm to pay more attention on finding and adopting
innovations (Gatignon and Robertson 1989; Patterson, Grimm et al. 2003; Zhu,

Kraemer et al. 2003). In RFID context, Lin and Ho (2009b) argued that the more the
environmental uncertainty, the more the willingness to adopt RFUD technology will

be. However, Schmitt and Michahelles (2009) postulated that external uncertainty

negatively influences RFID adoption. They argued that the demand uncertainty and

uncertainty about “general developments in the market environment” inhibits RFID
adoption. The field study also found a similar approach to Schmitt and Michahelles’s

study. The demand uncertainty inhibits Australian sheep farmers to adopt RFID and
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also deters the extension plan of the cattle farmers. Moreover, the uncertainty of

replacing RFID with a better technological innovation is also dominant in Australian
livestock industry. Accordingly, it is hypothesized that:

Hypothesis 3 (H1c): External uncertainty will have a negative influence on
RFID adoption.

6.2.2 Hypotheses related to Organisational Factors
Organisational factors have a direct and influential influence on innovation adoption,
in general (Tornatzky and Fleischer 1990; Premkumar, Ramamurthy et al. 1994;

Jeyaraj, Rottman et al. 2006). Like other organisational adoption of a technological

innovation, RFID adoption is dependent on the internal characteristics of the
respective organisation (Brown and Russell 2007; Schmitt and Michahelles 2009).

The field study of this research also established the influence of organisational
factors on RFID adoption. As discussed earlier organisational factors have been
grouped in resource-base and management-base factors.

6.2.2.1 Resource-based factors
A complex and expensive technological innovation like RFID needs strong resourcebase of the organisations. Among the organisational factors ‘organisation size’ is
treated as one of the most powerful variables (Patterson, Grimm et al. 2003; Spencer

2003). The field study also supports that, if left as a voluntary activity, the decision to
adopt RFID primarily is dependent on farm size. The more the livestock a farm

occupies, the more automated activities are required to achieve productivity, and the

more intention to adopt RFID is. Along with the farm size, RFID adoption and
integration-depth comes with the availability of financial, technological, and human

resources of the farm (Huyskens and Loebbecke 2007). It is also perceived that, to

implement a technological innovation like RFID, organisations need to build a strong

knowledge-base (Brown and Bakhru 2007). Farmers with technical RFID knowledge

understand this technology better than the basic knower and are more in a position
to adopt RFID. Finally, the field study revealed that the RFID adopters, who are closer

to the nearest town/city/capital city, and closer to the nearest already-adopters, are

more in a way to adopt RFID. This finding was supported by existing agricultural

studies. Studies (Pannell, Marshall et al. 2005; Llewellyn 2007) found that,
particularly for agricultural innovation, physical proximity from other adopters is
positively related to its adoption. From the field study (Chapter 6) as well literature
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review (Chapter 3), it is found that the availability of organisational resources is very
important for RFID adoption. Similarly, organisational resources are treated as

significantly important for the continuance intention of RFID technology. Therefore,
the following hypotheses are suggested:

Hypothesis 4 (H2a): Resources-based factors of a farm will have a positive
influence on RFID adoption.

Hypothesis 5 (H2b): Resources-based factors of a farm will have a positive
influence on continuance intention.
6.2.2.2 Management-related factors
Along with the resources, various management-related factors compliment the

construct ‘organisational factors’. In this study, a number of management-related
factors have been explored from the existing literature, which was confirmed by the

field study. Management attitude and management support have been considered as
the most important factors in innovation adoption and diffusion into an organisation

(Teo, Chan et al. 2004). Particularly, as RFID adoption involves business process, and

data handling and management changes, the foremost important factor to consider
for RFID is the management attitude in handling challenges (Hoske 2004; Loebbecke

and Palmer 2006). It is confirmed by the field study that the farms with more
positive attitude toward RFID inspired the employees and other farms to adopt RFID.
The support and encouragement from management is very important because “the

resources required for the implementation of” RFID “will be more easily available if
the major person responsible for these resources supports the plans” (Chwelos,

Benbasat et al. 2001). As seen in the field study, especially in the case of the

corporate farms, the initiative of adopting RFID require the coordination of different
divisions of the farm, and therefore, a flexible management and positive attitude of

the management is effective for RFID adoption.

Along with the positive attitude, organisational readiness is considered an important
factor for RFID adoption (Mehrtens, Cragg et al. 2001; Asif and Mandviwalla 2005).

Studies (e.g., Iacovou et al. 1995, Kuan and Chau 2001) consider readiness primarily

as the availability of resources (financial, technical, as well as strategic readiness),
mainly the financial resources (Iacovou et al. 1995). However, the field study

revealed that the readiness to sacrifice “a bit” from profits for a secure food-chain is

the main readiness for RFID adoption in livestock sector. As often is said, RFID is the
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“insurance” which would return its value during a disease outbreak, the adopters

need to be morally ready. Moreover, willingness to move beyond the traditional
methods (i.e., innovativeness) needs to be developed to ensure adoption (Hoske
2004). Asif and Mandviwalla (2005) argued that, an organisation that is logistically

innovative in its use of technology is usually more willing to adopt RFID. Also the

respondents of the qualitative study supported that innovativeness is an integral
component of organisations in this current competitive world. The behavioural

factors of organisations are inferred to have a similar effect on the continuance
intention for RFID technology.

As a whole, considering the importance of management-related organisational
factors on RFID adoption and RFID continuance, the following hypotheses are

developed:

Hypothesis 6 (H2c): Management-based factors of a farm will have a
positive influence on RFID adoption.

Hypothesis 7 (H2d): Management-based factors of a farm will have a
positive influence on continuance intention.
6.2.3 Hypotheses related to Technological Characteristics
Technological characteristics are important for any technological innovation and are
suggested as perceived characteristics (Tornatzky and Fleischer 1990). Literature

established that a technological innovation with more technological features and
benefits are more likely to be accepted by the prospective adopters (Rogers 1995;
Davis 1989; Davis et al. 1989).

Many researchers assumed that transponders (tags) cost and the existence of
standards are important technological factors for RFID adoption. However, in last

couple of years, the tag price has dropped significantly (Schmitt and Michahelles

2009) while standards became more uniform than before; however, the adoption

rate still remains low (Schmitt and Michahelles 2009). Therefore, it is worthy to

think out of the box and incorporate more relevant factors to have a better

understanding on RFID adoption. Schmitt and Michahelles (2009, p.7) also have

conceived this concept – “it seems obvious that there are more factors, which have
an influence on the decision to adopt RFID, apart from costs and standards”.
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Rogers’s

perceived

innovation-attributes

(relative

advantage,

compatibility,

complexity, trialability, and observability) are considered as the basis of
technological characteristics. In developing the TOE framework, Tornatzky and

Fleischer (1990) used these technological attributes to explain user’s adoption and

decision-making process (Wu and Wang 2005). Having the discussion on the
technological factors in Chapter 3, it is found that compatibility, complexity, and
relative advantages are more consistent for the adoption of a technological
innovation (Tornatzky and Klein 1982; Tornatzky and Fleischer 1990; Agarwal and
Prasad 1998). These three factors are consistent

with RFID adoption as well

(Schmitt and Michahelles 2009, for example). However, based on the outcomes of the

field study, the variables of relative advantage (perceived usefulness) have been

discussed under the ‘expectation’ construct. Moreover, in the context of RFID, ‘RFID
standards’ and ‘RFID costs’ are included as technological factors; though some

studies examined ‘standard’ as an external environmental factors. The reason not to

consider them as external environmental factors is as follows. By definition, the
external environmental factors are beyond organisation’s control but are important

to be considered by the organisation. For RFID, though the technical standards are
set by the external bodies, organisations can get involved and can interfere into the

business standards (type of data sought, detail of data sought, presentation of data in

a standard format etc.). Similarly, RFID costs can be managed by the organisations.

This approach is supported by Schmitt and Michahelles (2009). Thus, this study
considers that complexity, compatibility, trialability, cost, and standard are the
technological factors that should be considered to discuss RFID adoption.

6.2.3.1 Perceived ease of use
Perceived ease of use, or perceived complexity is a well-accepted variable by the

innovation adoption researchers and scholars. The researchers dealing with eCommerce (Electronic Commerce) adoption find that perceived complexity can

inhibit adoption of e-Commerce (Eastin 2002; MacGregor 2005; Al-Qirim 2006).

Complexity is considered as an inhibitor in EDI (Electronic Data Interchange)
adoption (Premkumar, Ramamurthy et al. 1994; Premkumar, Ramamurthy et al.
1997; Chwelos, Benbasat et al. 2001) and for new IT (Information Technology)

adoption (Premkumar and Roberts 1999). Being a complex technological innovation,

RFID adoption is obviously is dependent on its perceived complexity (Brown and
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Bakhru 2007; Schmitt and Michahelles 2009) because RFID adoption involves

different levels of technical, operational, and managerial complexity depending on

level of RFID-use. Literature, therefore, found that the complexity associated with
RFID implementation, and RFID-use hinders its adoption (Schmitt and Michahelles
2009). Accordingly, the following hypothesis is developed:

Hypothesis 8 (H3a): Perceived complexity of RFID technology will have a
negative influence on RFID adoption.

6.2.3.2 Perceived compatibility
Literature suggests that greater adoptability of an innovation is dependent on its

perceived compatibility; the more compatible an innovation is with prevailing social

norms and value systems, the greater its adoptability (Rogers 1995; Premkumar and

Roberts 1999). Similarly, a technological innovation needs to be compatible with the

existing technology, organisation’s strategy, existing infrastructure, practices, and

needs (Premkumar and Roberts 1999). In the context of RFID adoption scholars
speculated that RFID tags, readers, and the data processing software needs to be

integrated seamlessly with existing IS resources, such as the computers and Internet

connectivity (Janz, Pitts et al. 2005; Loebbecke and Palmer 2006). Compatibility is a

more important technological characteristic of RFID especially when the tags are

mean to be interrogated in different countries (Moon and Ngai 2008). Scholars found
that a compatible RFID system would increase RFID adoption (Schmitt and

Michahelles 2009). In other words, incompatible RFID systems inhibit its adoption.

Correspondingly, it is found from the field study that, the livestock farmers perceive
that RFID technology is compatible with their farming practices, values, strategies,

and requirements. For instance, the demand of providing animal breeding history is
very possible with least complexity. Thus the farmers find that, because of RFID’s

compatibility with every set of animal data, they can supply as much information as
the markets request, as the case in sheep management in particular. Similarly, the

farms that try to achieve farm management through automatic feeding or automatic
drafting found that RFID supports their style, requirement, and technologies.
Consequently an increasing tendency of RFID adoption is expected to happen within

a short period time, because of its compatibility with livestock farming. On this
ground, the following hypothesis is proposed:
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Hypothesis 9 (H3b): Perceived compatibility of RFID technology will have a
positive influence on RFID adoption.
6.2.3.3 Perceived trialability
Trialability is recognised as an important technological innovation characteristic, the
extent to which a new technology can be broken into set of components and that can

be implemented or “tried” in steps (Tornatzky and Fleischer 1990). Hage (1980)

identified that trialability is one of the most important characteristics of

technological innovations to be implemented since it enables an organisation to use
the innovation in an incremental fashion which allows more flexibility to adjust the
innovation (Roitman, Liker et al. 1987). Social Cognitive Theory (SCT) finds that

trialability is one of the most important characteristics of an innovation that can
affect the ease of adoption (Bandura 2001). Innovations that can be tried on a limited

basis are more readily adoptable than those that have to be tried on a large scale

with substantial effort and costs (Bandura 2001). It is confirmed by the interviewees

that perceived trialability is an important factor for RFID adoption. Leimeister et al.

(2007, p.50) argued that “the better the individual understands how the innovation

works under his or her conditions, the more likely he or she to adopt it.” Trialability

is expected to play a significant role especially in those applications where the
adoption rate is very low, because the opportunity to trial RFID through pilot
projects will motivate organisations to implement an enhanced system. Moreover,
the trialability through displaying demonstration projects by the RFID vendors will

also contribute to speed up RFID adoption (Leimeister, Knebel et al. 2007). These

arguments are evident in the field study. RFID trialability enables a farm to
implement RFID in an incremental fashion which allows more flexibility to adjust
RFID’s use (Roitman, Liker et al. 1987). Hence, it is proposed that:

Hypothesis 10 (H3c): Perceived trialability of RFID technology will have a
positive influence on RFID adoption.

6.2.3.4 Perceived cost
Historically, cost has an inverse effect on adoption (Rogers 1995). Any technological
innovation incurs costs and therefore the adoption of an expensive technological

innovation is expected to be slow. Researchers found that perceived higher costs

lead to lower intent to adopt EDI (Saunders and Clark 1992). On other words, the

less expensive the innovation the more likely it will be adopted (DiMaggio and
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Powell 1983). However, it is expected to adopt even an expensive system if the
relative benefits using this innovation supersede its costs. In RFID adoption, the
associated cost of RFID is perceived as one of the most significant inhibitors for RFID
adoption (Brown and Bakhru 2007; Sharma, Citurs et al. 2007; Ramamurthy,

Premkumar et al. 2009; Schmitt and Michahelles 2009). As most of the farmers use

RFID just to identify their animals, the price of the tags needs to be lowered if a

broad and quick RFID adoption is expected. Likewise, in chorus with the respondents
of the field study, most studies are mostly concerned with RFID tags’ cost and argue
for cheaper tags (Sharma and Citurs 2005; Sharma, Citurs et al. 2007; Schmitt,

Michahelles et al. 2008). However larger integration involves RFID hardware and
software cost, and cost of integration and process change (Kinsella 2003). Therefore,

along with RFID implementation costs, RFID customisation, and operational and

maintenance costs need to be favourable for the adopters. So far, many prospective
adopters perceive that RFID costs are far expensive than its benefits and therefore
are laggards to adopt RFID. The hypothesis, therefore, becomes:

Hypothesis 11 (H3d): Perceived cost of RFID technology will have a
negative influence on RFID adoption.

6.2.3.5 Lack of standards
Standardisation is an essential condition for interoperability of RFID system

especially when the tags are interrogated in different countries (Moon and Ngai
2008). RFID standard also acts as a driver for cost reduction (Juban and Wyld 2004;

Sharma and Citurs 2005; Cheng and Yang 2007) thus is critical for its adoption. Lack

of standard is considered as one of the main inhibitors of RFID adoption (Brown and
Russell 2007; Schmitt, Michahelles et al. 2008).

Standardisation is important for livestock industry as to achieve interoperability
between supply chain partners, from producers to retailers, for leveraging cross
industry benefits. RFID standards are voluntary; therefore, supply chain members

might not adopt these standards if they find other standards as more effective
(Swedberg 2010). The lack of standards hinders RFID adoption because farmers

realise that incapable of providing the ‘required standard’ data for one specific
market simply means that the farmers do not have RFID systems in place, though

they might have one. Consider the following example. Generally, the current NLIS
(Australian system for animal identification) can provide only the traceability
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information which does not include the vaccination history or fattening history, for
example, which are required for current Japanese and South Korean market. If the

livestock exporter/producer cannot provide the whole set of data, these two markets
will not accept livestock products from Australian market. Therefore, especially the
sheep producers in Australia do not intend to adopt RFID because, as the current

system cannot entertain the requirements of these important markets, it does not
make any difference to have the NLIS.

Following the discussion on RFID standards, technical operating standards as well as
data requirement standard, the following hypothesis is developed:

Hypothesis 12 (H3e): Perceived lack of standards of RFID technology will
have a negative influence on RFID adoption.

6.2.4 Hypotheses related to Expectation
RFID expectations are the expected attributes from RFID which are somewhat similar

to the perceived relative advantage or perceived usefulness of an innovation,

discussed in IDT, TAM, UTAUT, and ECM. However, this study argues that
expectations are more appropriate in explaining RFID adoption.

Expectation is considered as an important precursor to usage behaviour. According
to Social Cognitive Theory (SCT), individuals are more likely to engage in behaviour

when they expect that their action will be rewarded or will result in favourable

consequences. Triandis (1971) found that an important factor influencing behaviour

is the expected consequences of the behaviour, which he later re-named as the

“perceived consequences” (Triandis 1980). The perceived consequences construct is

consistent with the expectancy theory of motivation (Vroom 1964). Expectancy

theory posits that the motivation to perform a task (adoption) is dependent on “the
individual's probability estimates” (expectancies) that specific outcomes or rewards
will follow from exerted task and the valance of the expectancy (Ferris 1977).

Therefore, the notion of this current research to suspect a positive influence of

expectation on adoption decision is compatible with SCT and expectancy theory.

Though exactly the “expectation” construct is not studied in IS research but an effort
to acknowledge the concept of outcomes expectancy is not uncommon. Recently
Venkatesh et al. (2003) analysed and grouped up the similar factors and variables

under the construct named “outcomes expectancy” of using an Information System
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(IS) under the construct named “performance expectancy”. A similar approach is

evident examining the role of expectancy in comprehensive IS researches (Hill, Smith
et al. 1987; Davis, Bagozzi et al. 1989; Compeau and Higgins 1995). In marketing

literature, this phenomenon is explained by the “expectation” construct (Anderson

1973; Oliver 1980a, Oliver 1981; Oliver 1993). Based on the above supports from

several theories, it is found that expectation influences RFID adoption (Khalifa and
Liu 2003). Moreover, the field study revealed that some distinct outcome-features of

RFID (expectation) motivate them to adopt RFID. Considering both theory and
practice, the following hypothesis is proposed:

Hypothesis 13 (H4a): Expectations will have a positive influence on RFID
adoption.

Literature also suggests that expectation has a positive influence on confirmation
(Anderson 1973) because while raising the expectations about a product may

enhance the perception about the performance of the product which also increases

the magnitude of confirmation. However, Chen et al. (2008) found that expectation

and confirmation are inversely related; the more the expectation the less is the

confirmation. With less support from literature and field study this study intends to
examine a positive relationship between expectation and confirmation. Therefore,
this study posits that:

Hypothesis 14 (H4b): Expectations will have a positive influence on
confirmation.

Oliver and Burke (1999) emphasised that expectation is a function of satisfaction. It
is believed that expectation has a significant theoretical contribution to understand

satisfaction judgment (Wu and Padgett 2004). The effects of expectations on

satisfaction is somewhat mixed. In a later extension of ECT, named as ‘the
Expectancy Disconfirmation with Performance Model’, Oliver and Burke (1999)

found a direct and strong effect of expectation on satisfaction. It is found by

literature that users’ expectation has a direct negative influence on satisfaction
(Oliver 1993; Anderson and Sullivan 1993; Yin 1990). Other studies found a direct

and positive relationship between expectation and satisfaction (Oliver 1980a, 1981;

Churchill and Surprenant 1982). The field study also supports the later approach. It

is posited that the more the adopters expect rationally from an RFID system the

more they satisfied are, compared to those who do not have any expectations or less
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expectations from RFID. The farmers who do not expect anything from RFID are
usually ignorant to explore its possibilities and to realise its benefits; and thus are
less satisfied. The following hypothesis is therefore proposed:

Hypothesis 15 (H4c): Expectations will have a positive influence on
satisfaction.

6.2.5 Hypothesis related to RFID Adoption
In the context of RFID, because of its novelty and complexity, people may have

desires from RFID technology during the pre-adoption stage but the realistic

expectations are generated after using the technology, at least in a pilot stage. Like in

an IS adoption, some expectations (about an RFID system) can also be

developed/modified at the adoption stage when, for example, the adopters find that
the RFID system is reaching to a considerable critical-mass. Therefore, the adoption
stage itself is vital. Moreover, conceptually, the continuance study of an IS ideally
should start with the beginning point; the adoption. Feder and Umali (1993, p.216)

argued that “diffusion studies do not consider the innovation process, but begin at a
point in time when the innovation is already in use”. The examination of the effect of

the initial stage on the later stages of the same process is imperative. In this research,

therefore, adoption is considered as the antecedent of confirmation. This approach
has been supported by Rogers’ Innovation Diffusion Theory (IDT) (1995). IDT

suggests that, after adopting an innovation, the adopters justify their adoptiondecision at confirmation stage, and also reduce the dissonance level by seeking
expert opinion. Therefore, the following hypothesis is developed:

Hypothesis 16 (H5): RFID adoption will have a positive influence on its
confirmation.

6.2.6 Hypotheses related to Confirmation
Confirmation, popularly disconfirmation, is defined as the discrepancy between

performance and expectation. However, this study treats confirmation as an
evaluation process rather than a measurement step where multiple actors and

factors act together to justify RFID investment with the difference between

expectations and perceived performance. In this process adopters try to figure out

their investment justification. Therefore, confirmation is the evaluation of actual
experience with expectations. Confirmation results when the perceived performance

matches the expectations whereas disconfirmation results from a mismatch (Yin
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1990). According to ECT, consumers form a feeling of (dis)satisfaction based on their

confirmation level; a moderate satisfaction level will be maintained by confirmation,

enhanced by the delight of confirmation, and decreased by the disconfirmation
(disappointment). As such, positive disconfirmation is expected to strengthen
adopters’ subjective response; satisfaction. Studies found the confirmation as one of

the key variables affecting consumer satisfaction (Oliver 1980a; McKinney, Yoon et

al. 2002). Many studies found a strong link between confirmation and satisfaction
(McKinney et al. 2002; Khalifa and Liu 2003; Yen and Lu 2008; Oliver 1980a).

Moreover, the direct effect of confirmation on continuance intention is also
prominent (Yi 1990). Therefore, this research posits that:

Hypothesis 17 (H6a): Confirmation of expectations from an RFID system
will have a positive influence on satisfaction.

Hypothesis 18 (H6b): Confirmation of expectations from an RFID system
will have a positive influence on continuance intention.
6.2.7 Hypothesis related to Satisfaction
ECT holds that satisfaction has a direct effect on consumers’ intention to repurchase
a product (Oliver 1980a; Anderson and Sullivan 1993). The same stipulation has

been made by the ECM; satisfaction from prior use of an IS has a direct and
significant influence on users’ continuance intention of that IS. It is treated as a
collective outcome of perception, evaluation, and psychological reactions to the
consumption experience with a product/service (Yi 1990). Therefore, user

satisfaction is considered to be an important research agenda in IS due to its
theoretical and practical significance (Khalifa and Liu, 2003). Some of the

respondents of the field study argue that their satisfaction judgement is “absolutely
unnecessarily” because regardless of their satisfaction outcome they have to continue

RFID use for cattle identification. Conversely, others mentioned that satisfaction
enhances the desire for continued use. Satisfaction and mandate together has a

stronger role on continuance intention than that of the combination of dissatisfaction

and mandate. However, Sørebø and Eikebrokk (2008) argued that satisfaction is a

more important factor than IS continuance intention in a mandatory environment.

Literature unanimously suggests that satisfaction is one of the most contributing
predictors of users’ continued intention of an IS (Müller-Seitz et al. 2009; Khalifa and

Liu 2003). Therefore, the following hypothesis is proposed:
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Hypothesis 19 (H7): Satisfaction from an RFID system will have a positive
influence on continuance intention.
6.2.8 Hypotheses related to Self-efficacy
Self-efficacy is defined as the “belief that one has the capability to perform a particular

behaviour”. Self-efficacy is considered as an important construct in social psychology
(Compeau and Higgins 1995), in social science studies (Bandura, Adams et al. 1977;

Frayne and Latham 1987), and in IS adoption and continuance behaviour

(Bhattacherjee, Perols et al. 2008).

At the initial stage of this research, the direct effect of self efficacy on continuance
intention was not observed because this study presumed that perceived complexity

would play a similar role. In the field study, it was observed that the respondents
emphasised on their organisational capability (self-efficacy) on adoption and

continue RFID use. The effect of self-efficacy is more evident in the ‘continued use’
stage than the adoption. At the pre-adoption and adoption stage, the RFID adopters

usually get help from various sources. After the installation, most of the outside
services are diminished, naturally. So, at later stages of adoption (e.g., continuance),

adopters are by themselves and depend only on own capability; except outsourcing
to handle an exception. Therefore a strong belief of farm’s capability is very

important to intend to continue RFID use. Explored from the field study, this study
includes an indicator named “comfortability”, the degree to which users feel

comfortable using an innovation, in self-efficacy construct. The argument behind this

is, if the users are not comfortable using RFID, they would not believe on their

capability to handle RFID’s technical and operational stuffs. On the contrary, the
more comfortable they are with RFID, the more perception on self-efficacy, and the

more they intend to continue RFID use. Supporting to this argument, Compeau and

Higgins (1995) predicted that perceived self-efficacy is a significant precursor to
continuance intention. Studies on continued use of computers have supported such a
relationship too (Hill, Smith et al. 1987; Burkhardt and Brass 1990). Therefore, this

study postulates that:

Hypothesis 20 (H8): Self-efficacy will have a positive influence on
continuance intention.
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6.2.9 Hypothesis related to Continuance Intention
Technology does not stand at a single place, rather it improves. On a same manner,

everyday lots of extended use of RFID have been explored in laboratories which

require practical implementation. Effective extension of RFID application can bridge
the gap between discoveries in the laboratory and changes in individual farmer’s

paddock (Birkhaeuser, Evenson et al. 1991). However, the continuance intention is
the prerequisite for an RFID extension because if the adopters do not intend to

continue RFID use, they never would go for an extension. The field study supports
the conceptual proposition that the farmers who are happy to continue RFID use in

animal identification are more likely to use RFID in other farm-management

applications. On the other hand, dissatisfied farmers who do not intend to use RFID
anymore are repulsive for its extended use. Based on the above discussions, it can be
postulated that:

Hypothesis 21 (H9): Continuance intention of an RFID system will have a
positive influence on intention for its extended use.

6.2.10 Hypothesis related to Intention for Extended use
Fishbein and Ajzen (1975) instituted that actual usage behaviour (use) is dependent
on intention (behavioural intention, BI). They added that use is a measure of the

strength of one’s intention to perform a specific behaviour (Fishbein and Ajzen 1975,

p. 288). In this current setting, BI for RFID extension is the outcome of the cognitive

process of the users whether to extend RFID services. In this study, BI is the only

dependent variable. The extended use stage is relevant to “diffusion” process

considered in traditional adoption-diffusion studies. Similar to diffusion, extension

process is essentially the use of RFID in every possible applications and which
eventually would spread the technology among the respective industries. The

possible extension of RFID can reduce between farm productivity and potential

productivity gain (Birkhaeuser, Evenson et al. 1991). Therefore, extension of RFID is

essential to utilise its full potential and increase the rate of return and increase the

return on investment. However, renowned behavioural theories including TRA and
TPB believe that intention is the fundamental requirement which drives to actual use
of an innovation. Therefore, this study proposes:

Hypothesis 22 (H10): Intention for extended use of an RFID system will
have a positive influence on the extension usage behaviour.
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6.2.11 Hypothesis related to Facilitation Conditions
Facilitating conditions is a well-accepted variable considered for actual usage
behaviour. It is to underscore that facilitating conditions are important for actual use,
not for the intention. Facilitating conditions are also referred to Perceived

Behavioural Control (PBC). However, studies that consider PBC as a combination of
self-efficacy and facilitating conditions support the influence of facilitating conditions
on the intention as well on actual usage (Bhattacherjee, Perols et al. 2008). Similarly,

Venkatesh et al. (2003) applied facilitating conditions on intention study.

In the current context, facilitating conditions can be defined as the degree to which

an organisation believes that its financial, organisational, and technical resources

exist to support the use of an RFID system (adapted from Venkatesh, Morris et al.
2003). Facilitating conditions, here, therefore includes the supply of required
resources and facilities without which the RFID cannot be used or its use would be

discontinued, as well as the organisational factors. Traditionally, facilitating
conditions include the availability and supply of resource, training, management
support, absence of resistance, culture etc. (Thompson, Higgins et al. 1991;

Venkatesh, Morris et al. 2003). Lu et al. (2003) mentioned two types of facilitating
conditions: technology factors (e.g., compatibility) and resource factors (e.g., time,

money). Moreover, commitment is a crucial factor. As in the case of Malaysian

national identity card (MyKad), lack of management commitment and patronisation

from various agencies hinders the extension of MyKad; initially MyKad meant to
integrate at least eight public services into a single card (Hossain 2009).

Robey (1979) finds a positive correlation between facilitating conditions and use of a

system. More directly, Triandis (1980) stated that behaviour cannot occur if the

objective conditions in the environment prevent it. Also, the field study suggested
that the intention for an extension can not to be translated into the actual act if the
supporting variables do not permit. In other words, the intention is not sufficient but

the facilitating variables are important for the actual use of an RFID system.
Therefore, the hypothesis is proposed as:

Hypothesis 23 (H11): Facilitating conditions will have a positive influence
on the actual usage behaviour of an RFID system.
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Table 6.1: Summary of hypotheses statements

Construct

Link

H#

Hypothesis statement

External Environment (EE)

EE >>ADP

H1a

External pressure will positively influence on RFID adoption.

H1b

External support will have an influence on RFID adoption.

H1c

External uncertainty will have a negative influence on RFID adoption.

Organisational Factors (ORG)

ORG>>ADP

H2a

Resources-based factors of a farm will have a positively influence on RFID adoption.

H2b

Resources-based factors of a farm will have a positively influence on continuance intention of RFID.

H2c

Management-based factors of a farm will have a positively influence on RFID adoption.

H2d

Management-based factors of a farm will have a positively influence on continuance intention of RFID.

H3a

Perceived complexity of RFID technology will have a negative influence on RFID adoption.

H3b

Perceived compatibility of RFID technology will have a positive influence on RFID adoption.

H3c

Perceived trialability of RFID technology will have a positive influence on RFID adoption.

H3d

Perceived cost of RFID technology will have a negative influence on RFID adoption.

H3e

Perceived lack of standards of RFID technology will have a negative influence on RFID adoption.

H4a

Expectations will have a positively influence on RFID adoption.

EXP >>CFM

H4b

Expectations will have a positively influence on confirmation.

EXP >>STF

H4c

Expectations will have a positively influence on satisfaction.

ADP >> CFM

H5

RFID adoption will have a positively influence on its confirmation.

CFM >> STF

H6a

Confirmation of expectations from an RFID system positively influences satisfaction.

CFM>>ICU

H6b

Confirmation of expectations from an RFID system positively influences intention to continued use.

STF >> ICU

H7

Satisfaction from an RFID system positively influences continuance intention.

SE >>ICU

H8

Self-efficacy positively influences continuance intention.

ICU >>IEU

H9

Continuance intention of an RFID system positively influences the intention for its extended use.

IEU >>AUB

H10

Intention for extended use of an RFID system positively influences the actual usage behaviour.

FC >> AUB

H11

Facilitating conditions positively influences the actual usage behaviour of an RFID system.

Technological Factors (TECH)

Expectation (EXP)
Adoption (ADP)

Confirmation (CFM)
Satisfaction (STF)
Self-efficacy (SE)

Intention for Continued Use (ICU)
Actual Usage Behaviour (AUB)
Facilitating Conditions (FC)

TECH>>ADP

EXP>>ADP
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Figure 6.1: The hypothesized research model
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6.3 SUMMARY OF DEVELOPED HYPOTHESES
Based on the comprehensive model, overall, 11 major hypotheses describing 23

relationships have been developed. The comprehensive model consists the factors and
variables explored from both literature and field study. Table 6.1 presents all the

hypotheses developed above. In addition, Figure 6.1 is presented to illustrate the
hypotheses.

6.4 QUESTIONNAIRE DEVELOPMENT
In order to test the hypotheses, a set of questions were developed. The next section
presents the details of the development of the questionnaire.
6.4.1 Overview of the Questionnaire

Based on the existing relevant literature and the field study, a questionnaire was
developed to conduct the survey for this research. The questionnaire was designed to test

the research hypotheses according to the comprehensive model as shown in Figure 6.1.

Two different questionnaires have been used for the survey. The first set was meant to be
used by the ‘yet to be adopters’ (non-adopters) which consisted 63 questions. The other

questionnaire was for the ‘already adopters’ which consists 77 questions. In the earlier

case, the questionnaire was divided into two main sections: demographic variables, and

the adoption factors. The latter questionnaire included a demographic section, a section
looking for RFID adoption factors, and a section in quest for the factors for RFID continued
and extended usage behaviour. In both cases, the first section gained information about the

demographic background of the respondents, whereas the other section(s) explored the
respondents’ opinions.

6.4.2 Measurement Instrument Development

6.4.2.1 Questionnaire Section 1: Demographic
The objective of this section was to gain information about the demographic particulars of

the respondents involved in this research. The demographic details included the
respondent’s details (gender, age, education, and his/her role at the farm) and the farm’s

details (earning, number of people engaged in farming etc.). Table 6.2 presents the
demographic items used and the related references.
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Table 6.2. Demographic items

Item

Variable

Measure

Reference

D1

Gender

Nominate gender

Levin and Gordon 1989; Venkatesh,

D2

Age

Nominate age

Dingus,

Morris et al. 2003
Hulse

Bhattacherjee

et

2001a;

al.

1997;

Venkatesh,

Morris et al. 2003; Morris and
D3

Education

Nominate the highest level of education

D4

Role at farm

Nominate the role/status at the farm

Venkatesh 2006

Robinson and Sexton 1994; Card
1999

Dingus, Hulse et al. 1997; Ramasamy
and Ting 2003; Venkatesh, Morris et
al. 2003

D5

Size of farm

Define the area (in acre or hectare) of the

D6

Broadacre

Whether have got any other farming

Developed for this study

Define the number of people engaged in

Developed for this study

Nominate annual cash receipt

Card 1999

D7
D8
D9

(area)
farm

Size of farm
(people)
Income

Size of farm
(livestock)

farm

activity than livestock
farming

Nominate the number of livestock the farm
currently has

Developed for this study

Developed for this study

Three questions in demographic section (D1, D4, and D6) used nominal scales (categories

with no implied order); another three (D2, D3, and D8) used ordinal scales (categories in

an order); and the rest three (D5, D7, and D9) used true numeric values that represents a
measure. Moreover, two of the items (D3 and D4) also invited to write the answer if the
respondent cannot relate his/her answer to the options offered. For example, the highest

level of education of the respondent offered five choices. The respondent was also offered

to write down his/her response in “Others” category mentioning his/her education status.
It is to be mentioned here that D5, D7, and D9 measures the size of the farm using three
different measures: number of people engaged in farming, the area of the farm, and the

number of livestock currently the farm occupies. Using of three different measures is
intentional because one size-measure does not necessarily describe the size variable

accurately. For example, the area of the farm does not actually represent the area used in
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farming because some farms do tourism business along with their farming. Similarly, the
people engaged in farming is confusing, and maybe misleading, as some of the people may

solely be responsible for cropping, for example, not for livestock management. In the
context of this research, as it is very difficult to identify the number of people engaged
dedicatedly in livestock farming, it is assumed here that the ‘total number of people
engaged in your farm’ is the number of people responsible for livestock farming.
6.4.2.2 Questionnaire Section 2: RFID adoption factors

The main focus of the second section of the questionnaire was to identify and measure the

influence the antecedent factors on RFID adoption. More specifically, the questions
measured the influence of the construct of external environmental factors, organisational

factors, technological factors, RFID expectations on ‘RFID adoption’. In the second part of

the questionnaire, the six-point Likert scale was used for respondents to express their
opinion of the extent of their agreement and disagreement on each statement. The reason

underpinning the choice of this scale is to avoid a central tendency error (CTE) (Yu et al.

2003). CTE refers to a type of rating-error in which a respondent consistently rates the
middle response (e.g., ‘neutral’, ‘neither agree nor disagree’) of the scale regardless of the

actual merit of the question. Along with the six-point Likert scale, the questionnaire also

included a scale which sought the response in numbers. For example, the respondents

were asked how many years they have been using RFID technology in livestock farming;
the options provided were ‘less than 1 year’, ‘1-2 year’, ‘3 years’, ‘4 years’, ‘5 years’, and
‘more than 5 years’.

External environmental factors
The items of external environmental factors describe the relevant external factors

influence RFID adoption at organisational level. The items related to government pressure
(EP1 and EP2) have been considered mainly from the field study while supported by
similar researches. The items for market pressure and competitive pressure have been
taken from literature, and were contextualised. EP11 of normative pressure has been

adapted from the studies that dealt with the prestige construct. For example, Karahanna et

al. 1999 used three items to measure image. The items measured how the adoption of

Windows would increase the personal image. Moreover, the items from the normative

beliefs and the only item of subjective norm from the same study have been adapted to
measure the other item of normative pressure (EP10). As a whole, the construct named
‘external environmental factors’ was measured with 11 items as shown in Table 6.3.
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Table 6.3: Measurement items of External Environment

Item

Dimension

Statement

Sources

EP1

Legislation

Government mandate made us to adopt RFID.

Kuan and Chau 2001; Luo et al. 2007; Shih et al. 2008; Field

EP2

Government

We did not find any pressure from the

Shih et al. 2008; Field Study

EP3

Market demand

Our customers and consumers demand that the

Premkumar and Roberts 1999; Looi 2005; Field Study

It is difficult to trade if we don’t have our animals

Premkumar and Roberts 1999; Field Study

RFID tagging is recommended by our important

Kuan and Chau 2001; Field Study

It is easy for our customers to switch to another

Thong and Yap 1995; Field Study

We believe that we will lose our customers to our

Premkumar and Roberts 1999; Looi 2005; Field Study

We perceive that our competitors that have been

Teo et al. 2003; Field Study

We perceive that our competitors that have been

Teo et al. 2003; Compeau et al. 1999; Moore and Benbasat

intervention
Trading

EP5

Business

External Pressure

EP4

EP6
EP7

requirement
pressure

Competitive
pressure

Competition

EP8

Mimetic

EP9

Favourability

EP10
EP11

pressure

Normative
pressure

Subjective norm

government to adopt RFID.

meat should be capable of being traced-back.
tagged with RFID.

supply chain partners.

producer without much difficulty.

competitors if we do not adopt RFID.

using RFID are achieving better farming.

using RFID are treated favourably by supply chain
members.

Our associations and the people important to us
recommend farming with RFID.

It is embarrassing not to have RFID as other
farmers already have it.

Study

1991; Field Study

Teo et al. 2003; Ajzen 1991; Davis et al. 1989; Fishbein and
Ajzen 1975; Taylor and Todd 1995a; Venkatesh et al. 2003;
Venkatesh et al. 2003

Kuan and Chau 2001; Compeau et al. 1999; Moore and
Benbasat 1991; Thompson et al. 1991; Karahanna et al.
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ES1

Information

Government agencies provide timely and useful

ES2

Infrastructure

Government

service

Taxation

ES4

Training

ES5

Demonstration

External Support

ES3

information regarding RFID.
agencies

provide

sufficient

infrastructure for us to use RFID and to upload
data in MLA site.

1999

Scupola 2003a, b; Looi 2005; Field Study
Goldsmith 1990; Scupola 2003a, b; Sharma et al. 2008; Looi
2005; Teo et al. 1997; Field Study

Government should encourage us with tax-

Lin and Ho 2009a; Looi 2005; Field Study

Sufficient training sessions are provided to

Lin and Ho 2009a; Premkumar and Roberts 1999; FS

There are RFID vendors nearby which provide

Brown and Russell 2007; Huyskens and Loebbecke 2007;

deductible RFID projects.

farmers towards RFID use.

support for effective use of RFID.

Yap et al. 1992; Premkumar and Roberts 1999; Rai and
Patnayakuni 1996; Field Study

Publication

Our trade associations publish special issues

ES7

Discussion

Our associations organise meetings to discuss

Premkumar and Roberts 1999; Rai and Patnayakuni 1996;

UNC1

Data uncertainty

Our customers ask for different data about the

Lin and Ho 2009a; Patterson 2003; Field Study

UNC2

Demand

UNC3

Technology

External Uncertainty

ES6

uncertainty
uncertainty

related to RFID in farm magazines.
about RFID.

animal at different times.

Rai and Patnayakuni 1996; Field Study
Field Study

We are not too sure how long the demand will be

Lee and Shim 2007; Field Study

We worry that a better technology may replace

Rai and Patnayakuni 1996; Field Study

for RFID data.

RFID in near-future.
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Organisational factors
Organisational factors are related to the internal factors of an organisation (a farm, in
this current context) that are controllable and manageable by the organisation.

Organisational factors include generic factors (e.g., size), management factors, as well
as innovation adoption related factors. All of the factors have been adapted from the
existing literature and were confirmed by the field study. In this category, the
organisational factors that have believed to have influence on RFID adoption have been

considered as examined. All together, nine items have been considered as
organisational factors among which four are resource-oriented factors while the rest

five are management-related factors. Table 6.4 presents the items related to
organisational factors.

Table 6. 4: Measurement items of Organisational Factors
Item

Dimension

Statement

Sources

OR1

Location

To be inspired for RFID use,

Baptista 2001; FS

distance from other farms and
the source of RFID-supports is

Financial

OR3

Knowledge-

Organisational Resources

OR2

OR4

Management Attitude

MA1

resource
base

important.

We have sufficient financial

Iacovou and Benbasat 1995;

We

Scupola

resource for RFID projects.
have

necessary

RFID

knowledge to use RFID in
farming.

Lee and Shim 2007; Field Study
2003a;

Poon

and

Swatman 1997; Chau and Hui

2009; Iacovou and Benbasat
1995; Lee and Shim 2007; Looi
2005; Staples et al. 2002; Looi

Human

resource
Future-

orientation

We

have

expert

human

resource in RFID who can learn
RFID- things quickly and easily.
We

have

no

problem

to

sacrifice a bit from our profit to

2005; Field Study

Kuan and Chau 2001; Lin and
Ho 2009; Tsai et al. 2010;
Brown and Russell 2007; Field
Study

Field Study

reduce the financial loss during
an outbreak.

MA2

Willingness

We are willing to invest in new

Teo et al. 1997; Grover 1993;

MA3

Farm

We are keen to experiment

Agarwal and Prasad 1998; Teo

RFID-applications.

Field Study
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MA4

MA5

innovativenes

with new tools and techniques.

et al. 1997; Field Study

Management

Our management is interested

Venkatesh

implement RFID projects.

Premkumar and Roberts 1999;

s

support

Risk attitude

and has shown support to
We are keen to take risks in
RFID projects.

Thompson

et

et

al.

al.

2003;

1991;

Teo et al. 1997

Grover 1993; Field Study

Technological factors
Technological factors reflect the technological characteristics of RFID and associated
connection with its adoption. The technological factors that have been considered here
are complexity, compatibility, trialability, cost, and standard. For the Survey#1 (for the

non-adopters), the cost component was decomposed into relevant costs. However, the
cost is a single item in Survey#2 (for the adopters). The main reason for such difference

is: this research intended to explore the associated technological costs of RFID
technology; however, the Survey#2 already consisted too many questions (as it

investigates the ‘continuance’ and ‘extension’ behaviour along with ‘adoption’) to digout on costs of RFID. On the contrary, as Survey#1 examines the only ‘adoption’
behaviour it accommodated such detailing. Table 6.5 presents the items related to
technological factors.

Table 6. 5: Measurement items of Technological Factors
Item

Dimension

Statement

Sources

TECH1

Interaction

Our interaction with RFID

Davis 1989; Davis et al. 1989; Moore

complicated.

2003; Liao et al. 2007; Agarwal and

Ease of Use

TECH2

TECH3

Required effort

Ease of use

system is clear and not

RFID

system

and Benbasat 1991; Venkatesh et al.
Prasad 1998

does

require a lot of effort.

not

Overall, we believe that
RFID system is easy to use.

Davis 1989; Davis et al. 1989; Staples

et al. 2002; Liao et al. 2007; Agarwal
and Prasad 1998

Davis 1989; Davis et al. 1989; Moore
and Benbasat 1991; Venkatesh et al.

2003; Staples et al. 2002; Liao et al.
2007; Agarwal and Prasad 1998;
Hong et al. 2006
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TECH4

Adaptability

We perceive that RFID fits

Grover 1993; Agarwal and Prasad

style in such a well manner

al. 2005; Moore and Benbasat 1991;

into our existing farming

Compatibility

that we do not have to
TECH5

TECH6

alter our farming practices.
Integration

We perceive that RFID can
be integrated with our

current farming operations
Customisation

without much difficulty.

We perceive that RFID
system

can

provide

1998; Karahanna et al. 1999; Janz et

Staples et al. 2002; Premkumar and
Roberts 1999; Teo et al. 1997; Field
Study

Luo et al. 2007; Moore and Benbasat
1991; Staples et al. 2002; Agarwal
and Prasad 1998
Field Study

sufficient data which is

Trialability

TECH7

TECH8

Trialability

asked by our customers.
Before

deciding

on

whether or not to adopt

Karahanna et al. 1999; Field Study

RFID, one should use it on

a trial basic to see what it
Divisibility

can do.

We perceive that every

new RFID-application can

Karahanna et al. 1999; Field Study

be tested in an isolated

way before the actual use
CST1

Cost

CST2

Implementation
cost

Integration cost

CST3

Maintenance

CST4

Overall cost

cost

(Divisibility).
We

perceive

overall

implementation
high.
We

perceive

that

the

RFID

cost
that

Shih et al. 2008; Field Study

is

the

Field Study

We perceive that the RFID

Field Study

We

Sharma and Citurs 2005; Sharma,

overall RFID integration
cost is high.

maintenance cost is high.
perceive

that

the

overall RFID cost is high.

Citurs

et

al.

2007;

Schmitt,

Michahelles et al. 2008; Shih et al.

2008; Hoske 2004; Kinsella 2003;
Konsynski

and

Smith

2003;

Premkumar and Roberts 1999; Shih
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CST5
CST6

Cost-benefit
Cost sharing

We perceive that the cost

of RFID adoption is far
greater than the benefits.

We believe that RFID costs
should be shared among

et al. 2008

Staples et al. 2002; Premkumar and
Roberts 1999
Field Study

every member in the food
STD1

Standards

STD2

STD3

Global

standardisation
Hardware

standardisation

supply chain.

We should have a global

standard on RFID tags and
readers used in farming.

We should have such a
system

which

would

Shih et al. 2008; Field Study
Field Study

permit our tags to be read
at anywhere in the world

Data

standardisation

(Interoperability).
It

is

frustrating

that

different markets ask for
different

Field Study

information

about the same animal.

Expectation
The measurement scale for expectation has been developed from marketing literature.
To measure expectations, most studies use Oliver’s (1980b) scale which he developed

on the theoretical support of Fishbein and Ajzen’s (1975) ‘affect-belief’ scales. The
belief component is measured as subjective prior probabilities of the occurrence
whereas the affective dimension is measured on “like-dislike” or “good-bad” scale.

However, an alternative approach that avoids the necessity of measuring both
evaluations and beliefs was developed and used by Oliver and Linda (1981) and Oliver

(1980a) where the respondents were asked to predict the degree of dis(satisfaction).
This study argues that such scales are preoccupied with the measurement of

‘satisfaction’ and did not consider the strength of the expectation construct on the

satisfaction behaviour. In other words, examining and exploring the expected features

of an IS or a product is invaluable to make the product acceptable to all users.

Therefore, this research develops a scale to measure expectations from a direct Likert
scale. In this current research expectations were measured as the perceived belief
which also implicitly associates the desire and probability factor to each expectation

(Oliver 1980a). For example, the item “We expect that, because of RFID, we would get

167

competitive advantage in the market” measures the belief, and desire to get
competitive advantage which are based on the probability of the occurrence. Unlike
Oliver’s study (1980a) “no chance/certain” probability-scale has not been employed

believing that the items (developed from field study) already includes such a
probability effect. Table 6.6 presents the items related to expectation.
Table 6.6: Measurement items of Expectations

Item

Dimension

Statement

Sources

EXP1

Competitive

We expect(ed) that, because of

Kuan and Chau 2001; Thompson et al

EXP2

advantage
Return

on

investment
(ROI)

EXP3

RFID, we would get competitive
advantage in the market.
We

expect(ed)

that,

guarantees a positive return on
pay-back time.

Efficiency

We expect(ed) that overhead

Shih et al. 2008; Bhattacherjee et al.

reduced

Moore and Benbasat 1991; Compeau et

operational

EXP5

Profit

cost

through

would

be

increasing

We expect(ed) that, our profit
would be increased because of

Productivity

RFID.

Proof

ownership

of

2008; Davis 1989; Davis et al. 1989;
al. 1999; Staples et al. 2002; Kuan and

Chau 2001; Premkumar and Roberts
1999; Teo et al. 1997; Field Study

Premkumar and Roberts 1999; Shih et
al. 2008; Field Study

We expect(ed) that, adoption of

Kuan and Chau 2001; Bhattacherjee et

accurate information for making

and Benbasat 1991; Compeau et al.

RFID would provide timely and
better farm-decisions.

EXP6

Field Study

investment (ROI) and shorter

labour productivity.
EXP4

RFID

1991; Field Study

We expect(ed) that, RFID would
reduce animal theft.

al. 2008; Thompson et al. 1991; Moore
1999; Venkatesh et al. 2003; Staples et
al. 2002; Premkumar and Roberts 1999;
Field Study

Field Study; Shih et al. 2008; Field Study

Adoption
Economies of scale and economies of scope have been widely recognised in the context

of production and manufacturing (Roh, Kunnathur et al. 2009) which are applicable for

livestock business as well because these issues play a decisive role for an important
farm-related activities. In this study these two issues are used to check the
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duration/timing of using RFID and the scope of using RFID (i.e., number of RFID

applications). RFID adoption is the only dependent variable on Group#1, whereas RFID
adoption is one of the antecedents of continued and extended use of RFID. The items

were slightly different for Group #1 and Group#2. For example, the item ADP2

investigates the future plan for RFID adoption (in Group#1) whereas reveals the

duration of RFID acceptance. A farm’s intention to adopt RFID in 6 years, for instance,
and a farm that has been using RFID for 6 years are completely different. Hence, ADP2

in Group #1 was reverse-coded, not in Group#2. Table 6.7 presents the items related to
‘adoption’.

Table 6. 7: Measurement items of RFID Adoption

Item

Dimension

Statement

Sources

ADP1

Significance

It is important for our farm to

Brown and Russell 2007; Teo et al.

ADP2

Duration

We plan to use RFID in next <>

Bhattacherjee et al. 2008; Thompson

adopt RFID.
years/

We have been using RFID

for <> years.
ADP3

Extent

Once we start, we will be using

RFID in <> applications/ We have
been

using

applications

RFID

in

<>

2003; Field Study

et al 1991; Venkatesh et al. 2003;

Compeau et. al. 1999; Karahanna et
al. 1999; Field Study

Bhattacherjee et al. 2008; Thompson
et al. 1991; Venkatesh et al. 2003;
Compeau et al. 1999; Teo et al. 2003

6.4.2.3 Questionnaire Section 3: The Continued and Extended Usage Behaviour of
RFID
Confirmation
The items for the confirmation construct have been taken from relevant studies. There
is a wide-acceptance of these items, both in marketing as well as in IS literature. These

items measures the same construct, confirmation, using three different scales; better
than, worse than, and just. As argued by Bhattacherjee (2001a), the prior confirmation

measures, especially in marketing (e.g., Oliver and Linda 1981; Swan and Trawick
1981), employed items such as “unsatisfactory”, “extremely pleasing” (which reflects

the satisfaction measure) or “would come here again” (which overlaps with intention).
“Given the potential confounding of these items with other constructs of interest”
(Bhattacherjee 2001a, p. 360), Bhattacherjee developed three items to measure

confirmation which are also used for this study. “Two of these items examined the
perceived congruence in terms of user experience and service level” while “the third
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items assessed respondents’ overall extent of confirmation”. Table 6.8 presents the
items related to ‘confirmation’.

Table 6. 8: Measurement items of Confirmation

Item

Statement

Sources

CFM1

Our experience with using RFID technology

Bhattacherjee et al. 2008; Liao et al. 2007;

CFM2

Our experience with using RFID technology

Bhattacherjee et al. 2008; Bhattacherjee

CFM3

is better than what we expected.

is just what we initially expected.

Overall, most of our expectations (from
using RFID) are met.

Hong et al. 2006; Bhattacherjee 2001a
2001a

Liao et al. 2007; Hong et al. 2006;
Bhattacherjee 2001a

Satisfaction
Like confirmation, the items of the satisfaction construct are well-accepted and applied
by the marketing and information systems researchers. The satisfaction measures

identify the influence of satisfaction on continuance intention of RFID. The items to
measure satisfaction were adapted from Expectation-Confirmation Theory (ECT) and

Expectation-Confirmation Model (ECM) studies. Historically, the IS researchers implied

and adapted satisfaction measures from marketing literature. Consequently, the scale
to measure satisfaction with camcorder use from Spreng et al. (1996), for example, has

been used measuring satisfaction from using online banking (Bhattacherjee 2001a).

Fundamentally, in marketing the satisfaction is regarded as the emotional response of
the consumers (Oliver 1980a). The satisfaction judgement, especially in IS, not

necessarily is an emotional feelings rather it could be a cognitive judgement, based on
subjective and objective performance of the IS/product. However, contrary to “goodbad” type of response with “very displeased/very pleased” or “very frustrated/very

contented”, this study used a traditional Likert scale not to confuse the respondents
with wordings; it is not clear what is the difference between “pleased” and “contended”
or between “satisfied” and “happy”. Thus, this study argues to use Likert type scale over

Bhattacherjee’s (2001a) bipolar scale for satisfaction judgment. Satisfaction is not

merely a “happy/not happy” measure rather it should quantify the happiness. In those
scales, the objective differences between the satisfaction levels of two respondents are

vague. Moreover, the danger of using “very” between two respondents with close views
is unidentified, which can be resolved with a Likert type scale.

The first item, here, assessed the satisfaction result in a straightforward manner. The

second item confirms and strengthens the choice in the first item. Finally, the third item
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was reversed to check the common method bias (CMB). Table 6.9 presents the items
related to ‘satisfaction’.

Table 6.9: Measurement items of Satisfaction

Item

Statement

STF1

We are satisfied with our decision to use

Bhattacherjee et al. 2008; Bhattacherjee

STF2

Our choice to use RFID was a wise one.

Bhattacherjee 2001a

STF3

Sources

RFID.

If we were to choose it again, we would
not adopt RFID.

2001a

Bhattacherjee 2001a

Self-efficacy
As described in the field study analysis, the construct of self-efficacy was derived from

the qualitative analysis. In the theoretical model, self-efficacy was not included.
However, during the field study analysis, self-efficacy came up as a new construct

which has direct and positive influence on continuance intention. Though the construct
has been explored from the field study, the items were adapted from the literature. Self-

efficacy here measures the confidence and comfortability of using RFID technology. The
first item assessed the capability of using RFID once its features have been showed by

an expert. The second item measures self-dependency while the third item assessed

self-competency of an RFID user. Table 6.10 presents the items related to ‘self-efficacy’.
Item

Dimension

SE1
SE2
SE3

Table 6.10: Measurement items of Self-efficacy
Statement

Sources

Assistance

We could use RFID if someone first

Compeau and Higgins 1995; Compeau

Self-reliance

We can perform our job using RFID

Bhattacherjee et al. 2008; Compeau

Time

showed us how to do it.

even if there is no one to help us if we
get stuck.

We can perform our job using RFID if

we have lot of (adequate) time to
complete the job.

et al. 1999

and Higgins 1995; Compeau et al.
1999; Venkatesh et al. 2003

Bhattacherjee et al. 2008; Compeau
and Higgins 1995; Compeau et al.
1999; Venkatesh et al. 2003

Continuance Intention
The construct of continuance intention intends to measure the adopters’ future
intention about using RFID technology. The items of continuance intention are well-

agreed, especially in IS studies. The items measure whether the respondent would use
the innovation of subject or find an alternative means. Precisely, the items have been
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taken from Bhattcharjee’s (2001a) study which he adapted from Matheieson’s (1991)

behavioural intention (to accept IS) scale. The first two items measured respondents’
intention to continue RFID use as opposed to discontinuing it use or using any
alternative technologies. The third item assessed respondents’ overall (dis)continue
intention. This item was worded negatively to control for potential ‘common method
bias’. Table 6.11 presents the items related to ‘continuance intention’.
Item
ICU1
ICU2
ICU3

Table 6.11: Measurement items of Continued Use (Continuance Intention)
Statement

Sources

We intend to continue using RFID

Bhattacherjee et al. 2008; Liao et al. 2007;

use.

2001; Hong et al. 2006

technology rather than discontinue its

Our intention is to use RFID than any
alternative way.

If we could, we would discontinue using
RFID.

Agarwal and Prasad 1998; Bhattacherjee

Liao et al. 2007; Agarwal and Prasad 1998;
Bhattacherjee 2001a
Bhattacherjee 2001a

Intention for Extended Use
Mostly, the items for measuring intention for extended use of RFID have been

developed from the field study. The items assessed the intention of RFID users to
extend RFID use in possible applications which are yet to be embraced. However, the
extent and intention of extension is presumably different for each respondent. Some
users may intend to extend RFID use to achieve farm-efficiency while others’

motivation may rely on getting marketing advantage. Table 6.12 presents the items
related to ‘intention for extended use’.

Table 6.12: Measurement items of Intention for Extended Use

Item

Dimension

Statement

Sources

IEU1

Internal

We intent to keep more data on RFID tags

Bhattacherjee et al. 2008;

for our own farm-interest.

Study

need

IEU2

Farm-

IEU3

Customer

IEU4

efficiency
focus

Exploration

(rather than just the identification number)
We intend to use RFID in automatic farming
activities to increase the farm-productivity.

We intend to use RFID to entertain our
customers with more data about animals as
well as with customised products.

If we could, we would extend RFID use to

Hong et al. 2006; Field
Bhattacherjee et al. 2008;
Field Study
Field Study
Teo et al. 2003; Field Study
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other farming application as much as
possible.

Actual Usage Behaviour
A number of prior studies either suggested or indicated that behavioural intention to
use the system is a reasonable indicator of future system usage. Literature also

suggests that the determinant factors affecting behavioural intention to use a system is
important for understanding their role in the successful implementation of information
system. A positive intention may ultimately influence the actual usage behaviour of

RFID (Ajzen and Fishbein 1980; Müller-Seitz, Dautzenberg et al. 2009). The items for

actual usage behaviour have been adapted from IS studies. In many cases, this

construct is measured from actual data (e.g., number of people logged-on in a portal).
However, considering the current context three items have been indigenously

generated based on the findings from the field study. The first item examined the

overall commitment for RFID extension while the rest of two factors examined the

support to the commitment (to item EUB1). Table 6.13 presents the items related to
‘extended usage behaviour’.

Table. 6.13: Measurement items of Extended Usage Behaviour

Item

Dimension

Statement

Sources

EUB1

Commitment

We are committed to use RFID

Field Study

EUB2

Span

We have certain plans of RFID

Bhattacherjee

EUB3

Duration

in every possible application.
extension in <> year.

Along with identifying animal,
we have been using RFID in
other applications for <> year.

*Italics are reverse-coded.

et

al.

2008;

Thompson et al 1991; Venkatesh
et al. 2003; Compeau et al. 1999;
Bhattacherjee

et

al.

2008;

Thompson et al 1991; Venkatesh
et al. 2003; Compeau et al. 1999

Facilitating conditions

The items for facilitating conditions examined the potential facilitator or barriers to
extent an RFID application. The items included both behavioural factors as well as

resource-base factors believing that though the perceived behavioural control (PBC)

factors are important but not sufficient for actual usage behaviour; rather depends on
the availability of resources and associated (infrastructural) facilities. However, the
first item of facilitating conditions were adapted from Venkatesh et al.’s (2003)
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facilitating conditions scale, while the second item was inspired my Venkatesh et al.’s

study. The third and fourth items were developed from the field study. Table 6.14
presents the items related to ‘facilitating conditions’.

Table 6.14: Measurement items of Facilitating Conditions

Item

Dimension

Statement

Sources

FC1

Resource

We would have extended RFID use

Bhattacherjee et al. 2008; Ajzen

financial and quality human resource.

b; Venkatesh et al. 2003

FC2
FC3

Economics
Support

much earlier if we had sufficient
We perceive that, for RFID extension,
the

potential

financial

profit

favourable than associated risks.

is

We would have extended RFID use

much earlier if we had support from
agriculture department, RFID vendors,

FC4

Stakeholders

and our association.

We believe that more intervention from
government as well as from livestock

supply chain partners would increase

1991; Taylor and Todd 1995a,
Field Study

FS; Thompson et al 1991;
Venkatesh et al. 2003

Thompson et al 1991; Field
Study

the RFID use in extended applications.

Appendix E presents the complete questionnaire of the survey.

6.5 EMPIRICAL PILOT STUDY

To test the validity of the questionnaire, and to rectify any measurement-problem, the

questionnaire was investigated carefully in order to find any anomalies which was
done by distributing the questionnaire among three groups: researchers, general

people, and potential respondents, as suggested by Frazer and Lawley (2000). About 5

questionnaires were distributed to a group of researchers from multi-disciplines.
Researchers were selected on the basis that “they understand the study’s purpose and
they have similar training as the researcher” (Frazer and Lawley 2000, p.34) so that

their feedback could reflect the accomplishment of the questionnaire to meet the
research objective. Among the group of 7 general people, the questionnaires were
distributed. The members of this group were not involved in this research and were not

related to the topic specifically. This group was targeted with the aim of getting a
layman view and the feedback on whether they understood the questions generally. As

for the potential respondents, 7 questionnaires were distributed among some
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randomly selected farms to ensure the questions were applicable and relevant to the

research topic. The main purpose is to test the validity and appropriateness of the
questions. In addition to that, the test was intended to find the length of time in

answering the questionnaire. Overall, the findings from the pilot study showed that all
the questions in the questionnaire were understandable and appropriate in the
research context.

Some modifications were made to the questionnaires based on the feedback. For

example, a question related to the ‘intention for extended use’ construct (IEU2) the
original item was “we have certain plans of RFID extension in < ‘less than 1 year’/ ‘1-2

year/ ‘3 years’/ ‘4-5 years’/ ‘more than 5 years’>. As some of the respondents intended
not to extend RFID use and did not have any choice, they wrote down by their own
‘never’. Therefore, the options were modified to < ‘less than 1 year’/ ‘1-2 year/ ‘3

years’/ ‘4 years’/ ‘more than 5 years’/ ‘never’>. In addition, in a demographic section,

‘the annual cash receipt’ item included more options as found in the pilot study that
most of the respondents fall in “more than $100k” category. The complete
questionnaire can be found in Appendix F.

6.6 SUMMARY

This chapter presented the hypotheses developed that were derived from the final
research model, developed in Chapter 5. Overall, 23 hypotheses were developed to

describe the relationships among the variables as proposed in the comprehensive
research model (Figure 5.3). Also, the rationale and justification of the hypotheses were

also observed. Finally it presented the development method and measurement items
for the questionnaire for this research. To test the developed hypotheses, the

questionnaire was developed based-on the findings from the field study and the prior

literature. In total, seventy-seven items were derived in this questionnaire. To test the
validity of the questionnaire, a pilot study was carried out. Then, the final questionnaire
was distributed for a national survey, which is discussed in the next chapter.
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CHAPTER 7
SURVEY AND QUANTITIATIVE DATA ANALYSIS 9
7.1 INTRODUCTION
A national survey was conducted among Australian livestock farms. The survey was

conducted among two different groups of farms: the farms that have not adopted RFID
yet (Group 1: non-adopter) and the farms that already have adopted RFID (Group 2:
adopters). The first group revealed the factors that are important for a voluntary

adoption. The second group explained the adoption and extension behaviour of RFID in

Australian livestock farms. 135 valid response were collected from Group 1 while 222
responses from Group 2. Using the collected data, this chapter presents the empirical

results of the data analysis using the Partial Least Square (PLS) which is based on
Structural Equation Modelling (SEM) technique (Chin 1998a).

As mentioned earlier, the survey was conducted with two different relevant concepts
and thus involved two different types of RFID users. Therefore, the organisation and
presentation of the quantitative analyses and discussion have been grouped into two

different discussion sections. The first section presents the RFID adoption factors while

the second section presents RFID adoption factors along with RFID’s extended usage
factors. However, a final section compares the adoption factors in those two different
settings.

Thus, the organisation of this chapter is as follows. This chapter starts with the
overview of the survey. Then, a descriptive analysis of the survey respondents is
9

Parts of this chapter have been published partly in the following publications:
d. Hossain, M.A. and Quaddus, M. (2012). “Adoption and continuance of RFID
technology: An integrated approach”, in the Pacific Asia Conference on Information
Systems (PACIS), Hochiminh City, Vietnam. Paper#247.
e.

Hossain, M.A. and Quaddus, M. (2011a). “Determinants of Continuance Intention of
RFID in Australian Livestock Industry: An Empirical Study” in 22nd Australasian
Conference On Information Systems (ACIS), Sydney, Australia, Paper 244

f.

Hossain, M.A. and Quaddus, M. (2011b). “Factors Influencing RFID Adoption: An
Empirical Investigation in Australian Livestock Industry” in 25th Annual Australian
and New Zealand Academy of Management (ANZAM) Conference, Wellington, New
Zealand, Paper 413

g.

Hossain, M.A. and Quaddus, M. (2011c). “Adoption Factors of RFID in a Voluntary
Environment: An Empirical Investigation from Australian Livestock Industry” in
Australian & New Zealand Marketing Academy (ANZMAC) Conference, Perth,
Australia, Paper 542
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presented. Following this, the results from two different surveys are presented
followed by a discussion section.

7.2 OVERVIEW OF THE SURVEY
7.2.1 Sample Selection and Data Collection
This research struggled initially to conduct the survey especially to collect the contacts

of the sample. Because of the strong ‘privacy’ provision with every agencies and
farmers’ association the researcher found it very hard to collect the information.

However, a technique was provided by the Department of Agriculture and Food, WA
(DAFWA) which retrieves the contact of each farm from an online database. The
database stores the postal/correspondence address of the farms. Every single contact

needed to be generated from that database, without knowing very much whether the
farm does have cattle or sheep business. In this data-retrieval process 568 contacts
were generated. To those 568 farms, two sets of questionnaire were sent; one was if
they already have adopted RFID and another if they did not adopt RFID. Later, a contact

list of 2,600 WA cattle farms were provided by the DAFWA. However, considering the

aim of this research was to conduct a national survey, the WA specific contacts were
not supporting the objective. Later, a national agency (Sheep-CRC) agreed to attach an

electronic version of the questionnaire with electronic newsletters to its
members/subscribers. This process provided the least possibility to engage the farms
from all-over Australia.

As mentioned earlier of this section, all of those 568 farms were requested (by
traditional mail) to participate the survey. From the 2,600 list of DAFWA, 1200 samples

were used. The samples were gathered using a random sampling technique. Each

paper-based questionnaire provided a temporary URL (web link) so that respondents
could

alternatively

use

the

online

version

in

Survey

Monkey

(http://www.surveymonkey.net/MySurvey_EditorFull.aspx?sm=OJBPOsRjll2UI53sfZh
ByMf%2fXCgjOG409XtvvY5qjt4%3d

accessed

26/12/2011).

Additionally,

the

electronic version of the survey has been electronically distributed among farmers

through some voluntary farms. Using ‘email invitation’ from Survey Monkey, 14 WA
farms who were involved in the field study were invited to attend the survey and also
were requested to distribute the questionnaire to their peer farms.
7.2.2 Response Rate

Low response rate has long been acknowledged as a major problem of research surveys

(Cui 2003). There are many techniques available in the research arena which are
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followed by the researchers to increase the response rate. The techniques include
sending one or more reminder, include a souvenir gift, and offer a prize through lottery.

But all these techniques work as complimentary with properly designing the

questionnaire. Therefore, it is important to increase the interest and awareness of
respondents about the research by encouraging them to take part in the research.
Considering this matters, a technique of Total Design Method (TDM), developed by

Dillman (1978, 1991), was followed in designing the questionnaire. This procedure
includes using non-technical general statements and avoiding technical jargons

(Heberlein and Baumgartner 1978). Therefore, the questionnaire of the current

research was examined by three highly-educated academia specialised in adoptiondiffusion research and one specialised academia from communication studies. A

personalised cover letter was attached with each questionnaire explaining the
importance and benefits of taking part in the survey. To increase the credibility, the
organisational logo of Curtin University and DAFWA has been included on the cover

letter. However, later it was found that the DAFWA logo confused some of the
respondents who suspected that it were a DAFWA project and for the interest of
DAFWA.

To secure the confidence of the respondents they were ensured that their

identity could never be detected thus ensuring the privacy and anonymity. Therefore
the survey did not include any tracking code which also made the researcher’s job
impossible to find the responses from a defined ‘wave’ and compare the responses. For
the convenience of the respondents, a stamped and addressed reply-envelope was
provided. Unlike other surveys, this survey did not include a ‘follow-up’ procedure. This

was actually not possible; because, the questionnaire did not include any referencecode to check whether a particular respondent replied or not. This was intentionally
done to increase the reliability and thus the response rate.

Altogether, 1,782 mails were sent to the WA farmers. Keeping in mind about the
distribution of electronic copy of the questionnaire, a total of 511 responses were

counted including 51 online responses (Survey Monkey), 60 “Return to Sender (RTS)”,
four retired/quit farming”. The huge number of RTS proves that the DAFWA database is

not current and updated. Because of the nature of this study, it was not possible to find
out the response rate. The responses could not be sorted either based on the location of

the farms. In the invitation page the farms were assured that their identity could not be
determined by any means. It will be unreasonable to conclude that the electronic
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responses came only from the Sheep CRC members because the mail survey also
included a web link.

7.2.3 Data Organisation

Respondents having more than 8% missing values were excluded from the analysis.
The data were reviewed to seek out errors in the form of invalid data including a blank

questionnaire or missing values. This procedure was carried out to produce clean data
for the research analysis (Jackson 2008; Alreach and Settle 1995). Upon reviewing, 89
questionnaires were found to be incomplete and thus were excluded to avoid fallacious

results in the analysis. This satisfied the minimum requirement of 10 times the number

of items in the most complex formative construct or the largest number of antecedent
constructs leading to an endogenous construct in the research model, as argued by

Barclay et al. (1995). Based on this condition, the minimum sample size for “non-

adopter model” was 130 samples and 110 for the “adopter model”. The final usable
responses for the “adopter model” were 220 and 135 for the “non-adopter model”.
7.2.4 Pre-analysis Test

Based on these usable responses, a pre-analysis test using PLS analysis was conducted.
23 responses for Group 1 and 28 respondents from Group 2 were considered. The main

objective in conducting the pre-analysis test was to get an overview of the applicability
of the data in this research, not to assess the structural or measurement model. The

pilot test found some adjustments to do. For example, the question for non-adopters
read: “We plan to use RFID in next <less than 1 year> <1-2 year> <3 year> <4 year > <5

year> <more than 5 year>”. Some respondents wrote “never” without selecting the
offered options. Same trend was observed in adopters’ survey for “we have certain

plans of RFID extension in <> year”. The options were then changed as required: <less
than 1 year> <1-2 year> <3 year> <4 year > <more than 5 year> <never>”. Some texting

adjustments were also performed for a better readability.
7.2.5 Sampling Errors and Non-Response Bias

Only a small number of farms out of the total number of farms in livestock industry are
surveyed. Estimates derived from these farms are likely to be different from those that

would have been obtained if information had been collected from a census of all farms.
Any such differences will be termed as ‘sampling errors’. Generally the larger the
sample size, the lower the sampling error is likely to be. However, the data collected

from each sample-farm were considered as the representative of the whole population
which has been proved by the non-response bias test.
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Non-response bias
It is imperative to test whether the responses from a survey represent the larger

population. Non-response-bias tests check whether there is any difference in opinion of

the respondents with the non-respondents who could have participated into the
survey. Therefore, the rationale for this test is that late respondents were likely to have
a similar characteristic to non-respondents (Thong 1999).

As mentioned earlier, this research was conducted through an online survey as well as
through the traditional mail survey. Moreover, two different surveys were conducted

splitting adopters and non-adopters of RFID technology. The responses from the mail

survey were split into early and late respondents. Also, the online survey-respondents

were considered as the early respondents. Therefore, the responses were grouped into
Wave 1 and Wave 2 sample. For adopter survey 139 responses were in Wave 1 and the

rest 81 were in Wave 2. Similarly, 95 responses from non-adopters were in Wave 1 and

40 were in Wave 2. Independent sample Mann-Whitney U Test was performed to test

the significant differences between demographic and behavioural attitude toward RFID

adoption-related variables.

Table 7.1 Mann-Whitney U test for Wave 1 and Wave 2 sample of non-adopter and
adopter surveys
Item

Z-value
Non-adopter

Adopter

Gender

0.485

0.696

Age

0.765

0.796

Education

0.663

Income

Cost of RFID should be shared among every supply-chain
members

0.5

0.021

0.153

0.1

0.268

We expect that because of RFID we would get competitive

0.92

0.054

RFID is important for farming

0.93

0.481

advantage

The test was performed in terms of gender, highest level of education, age, income, and
one

expectation-related,

one

technology-related,

and

one

adoption

related

characteristics. The results established that, in each instance, z-values are not

significant at 0.05 level. The only factor, average annual cash receipt of non-adopters,

could not pass the non-response bias test which means that there is significant
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difference on income between these two groups of respondents in non-adopters survey

sample (see Table 7.1). However, this problem did not exist in other survey (adopters’
survey). The presence of a deviation in one variable is tolerable since it is close to the
acceptable range and it is nearly impossible to totally eliminate the likelihood of nonresponse bias (Alreck 1995). Therefore, it would reasonable to conclude that the non-

response bias did not arise a problem in this study.

7.3 DESCRIPTIVE ANALYSIS OF THE SAMPLE
The respondents of this survey were from Australian livestock industry. They either

involved in direct farming or manage farming activities and farming business. As
mentioned earlier, the survey was conducted among two types of farms: adopters and
non-adopters. The usable sample for non-adopters was 135 which were 220 for the

adopters. The descriptive analysis of the survey therefore divided into their category.

Descriptive analyses using SPSS was conducted to understand the respondent’s
demographic background in this study. The following sections will discuss the
characteristics of the respondents, organised by distinctive categories.
7.3.1 Gender

Among the non-adopters (Group 1), 74% of the respondents were male whereas 26%

of the respondents were female. Gender classification of adopters followed a similar
trend of the non-adopters; 77% of the respondents from Category1 were male and 23%

were female. The gender analysis clearly reveals the dominance of male completing the
questionnaire. This is not surprising especially in livestock farming. Livestock farming
is a laborious job which suits particularly to the male. In very rare occasion it is

observed to find a female even in a management position let alone in managing cattle.

Moreover, family-owned-operated farms mostly managed by a male member who does
almost all farming activities. Therefore, the dominance of male in this survey is normal
which proves one more time that male still dominate livestock-farming positions in the
Australia. Table 7.2 present the detail.

Table 7.2: Survey respondents by Gender

Gender
Male

Female

Frequency

Percentage (%)

Group 1 (n=135)

Group 2 (n=220)

Group 1

Group 2

100

170

74.1

77.3

35

10 One (1) missing value

49 10

25.9

22.3
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7.3.2 Age
The respondents were asked to select an age-range rather than putting a numeric

number. The age group was divided into five categories. From Table 7.3, it is alarming

not to find a single respondent from the first age-group (younger than 20 years).

Alternatively, more than 95% of the respondents were more than 40 years old. Another
significant finding is that around 70% of the respondents are more than 50 years of

age. Only 29% were in their middle-age. A different interpretation of this finding would
be that the senior person of a family or the most experienced person of a company
could be chosen to respond the survey. An exactly similar nature was observed among
the respondents of Group2.

Table 7.3: Survey respondents by Age

Gender

Frequency

Group 1

Group 2

(n=135)

(n=220)

Younger than 20

0

31-40

8

21-30
41-50
50+

4

Group 1

Group 2

0

0

0

8

5.9

3.6

4

30
93

3

56

7.3.3 Highest Level of Education

Percentage (%)

152

1.8

22.2

25.5

68.9

69.1

Table 7.4 shows the profile of the highest level of education attained by the participants
of the survey. More than 50% respondents that adopted RFID had higher education

completing a college degree or a university degree. A significant percents (around 35 to

40) of respondents completed high school education. Finally a small group of 4-6
percent participant attained other qualification including TAFE, agricultural college,
and nursing.

Table 7.4: Survey respondents by Education

Education

Frequency

Percentage (%)

Group 1

Group 2

Group 1

Group 2

No schooling

1

1

0.7

0.5

High school

47

89

34.8

40.5

Primary school
College

University
Other

1

37
71
8

7

55
60
8

0.7

27.4
30.4
5.9

3.2
25

27.3
3.6
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7.3.4 Responsibility of the Respondent at Farm
It is overwhelming that more than 90% of the respondent adopters were owner-

manager. By definition, an owner-manager is the farm manager who owns the farming
property or holds a share of the farming business. Data shown in Table 7.5 proves that

most of the livestock farms are small-to-medium, where the prime role is played by the
Owner who also manages the farm activities.

Status

Table 7.5: Survey respondents by the respondent’s Position at farm
Frequency

Percentage (%)

Group 1

Group 2

Group 1

Group 2

Employee

1

3

0.7

1.4

Manager

7

5

5.2

2.3

Owner-Manager
Others

126
1

203
9

93.3

92.3

0.7

4.1

7.3.5 Type of Farm
Table 7.6 depicts that the respondents in Group 1 (non-adopters) are nearly equally

divided in the nature of farming; boradacre farming (have livestock as well as
agricultural activity) and livestock only farming.

In Group 2, the percentage of

broadacre farms is slightly higher than livestock-only farms.
Education
Broadacre

Livestock only

Table 7.6: Survey respondents by the Type of farm
Frequency

Percentage (%)

Group 1

Group 2

Group 1

Group 2

69

128

51.1

58.2

66

92

48.9

41.8

7.3.6 Size of Farm
The size of a farm can be defined in various ways including number of people involved

in farming, the area of the farm, or number of livestock a farm occupies. Table 7.7

depicts all of these criteria in depicting the average size of the farms with their

minimum and maximum values. The minimum zero number of cattle by the Group 2
depicts that some farms adopted RFID technology voluntarily.
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Size of the farm

Table 7.7: Survey respondents by the Size of the farm
Mean

Min

Max

Group1

Group 2

Group1

Group2

Group1

Group2

Area of the farm

6,224

4,979

50

59

77,639

50,664

No. of cattle

224

796

0

0

2,500

15,000

(acre)

No. of sheep

3,482

3,534

12

0

37,000

30,000

7.3.8 Annual Cash Receipt by the Farms
Average annual cash received by a farm during a financial year includes revenues from

the sale of crops, livestock and livestock products. It is the total cash inflow to a farm. It
is found from table 7.8 that almost a quarter of the respondents from both groups fall in

the earnings of more than 500K per year whereas the income group of 400-500K
represent the least.
Cash receipt

Table 7.8: Survey respondents by Average annual cash receipt
Frequency

Percentage (%)

Group 1

Group 2

Group 1

Group 2

Less than 50K

19

40

14.1

18.2

80-99K

5

15

3.7

6.8

50-79K

100-199K
200-299K
300-399K
400-500K

More than 500K

14
20
31
12
4

30

37
30
24
14
10
50

10.4
14.8
23

8.9
3

22.2

16.8
13.6
10.9
6.4
4.5

22.7

7.4 DATA ANALYSIS PART 2: The adoption (non-adopters) Model
7.4.1 Assessment of the Measurement Model
Overall, there are 53 items for all the seven antecedent constructs; external pressure

(EP1-EP11), external support (ES1-ES7), external uncertainty (EU1-EU3), organisational

factors (OF1-OF9), technological factors (TF1-TF14), expectation (EXP1-EXP6), and

RFID adoption (ADP1-ADP3). As part of the PLS procedure (Barclay et al. 1995; Hulland

1999), this model was tested for item reliability, internal consistency, and discriminant
validity to assess the measurement adequacy of the model.
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Item reliability
Referring to Igbaria et al. (1995)’s argument this research adopted the minimum cut-off

level of 0.45 for item loading. Accordingly, seven items failed to meet this criterion; EP1

(legislation), EP2 (government intervention), EP6 (competitive pressure), ES3
(taxation), CPX3 (integration), CST1 (implementation cost), and EXP2 (return on

investment). PLS was run again deleting these seven items. However, another item ES8
(discussion) was further deleted because the ‘external support’ construct could not

attain the minimum acceptable value of Internal Consistency; which was achieved after

deleting the item ES8. Based on this procedure, the loadings achieved the minimum

value of 0.45, as shown in Table 7.9. This result confirms that all items are sufficient to
represent their respective construct. The item loadings of the only formative construct
‘external uncertainty’ have not been considered.

Table 7.9: Item loading of reflective indicators (adoption model)

External Pressure

Construct

Item

PLS loading

Legislation

EP1

0.4152

Market demand

EP3

0.4584

Government intervention
Trading requirement
Business pressure

Competitive pressure
Competition
Peer use
Benefit

Favourability

Mimetic pressure

Normative pressure
External Support

Subjective norm

Information service
Infrastructure
Taxation
Training

Demonstration

Display centres
Publication

EP2
EP4
EP5
EP6
EP7
EP8
EP9

EP10
EP11
EP12
EP13
ES1
ES2
ES3
ES4
ES5
ES6
ES7

0.3554
0.7678
0.7763
0.4384
0.8106
0.6833
0.8010
0.7740
0.6228
0.7149
0.6537
0.4997

0.7609
0.0950
0.7955
0.7116
0.7586
0.4797
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Resource

Discussion

ES8

0.4848 11

Financial resource

OR2

0.8026

Location

Knowledge-base

Human resource
Management

Technical resource
Future-orientation
Willingness

Farm innovativeness
Risk-seeking
Complexity

Clear mission
Interaction
Effort

Integration
Compatibility
Trialability
Cost

Overall ease of use
Existing practice
Integration

Data compatibility
Trialability
Divisibility

Implementation
Integration

Maintenance
Cost-Benefit
Standard
Expectation

Share of costs

Global hardware
Interoperability

Data standardisation

Competitive advantage

Return on investment (ROI)
Efficiency
Profit

Productivity

Performance

Proof of ownership
11 Deleted for achieving acceptable AVE

OR1
OR3
OR4
OR5

MA1
MA2
MA3
MA4
MA5

CPX1
CPX2
CPX3
CPX4

CPT1
CPT2
CPT3

TRL1
TRL2
CST1
CST2
CST3
CST4
CST5

STD1
STD2
STD3
EXP1
EXP2
EXP3
EXP4
EXP5
EXP6
EXP7

0.5980
0.7672
0.7815
0.8725
0.5687
0.8158
0.6424
0.8372
0.8461
0.8835
0.8264

-0.0138
0.6125
0.8321
0.5853
0.9461
0.9220
0.8377

0.3056
0.8513
0.8978
0.8440
0.8246
0.9053
0.8851
0.4958
0.5901
0.1464
0.7621
0.5982
0.8242
0.8481
0.7024
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Adoption

Significance

ADP1

0.4953

Future intention

ADP3

0.8863

Commitment

ADP2

Timeline

ADP4

Extent of use

ADP5

0.8578
0.8663
0.5326

As mentioned earlier, item reliability of formative items is not examined with item
loading but with the weight scores (Table 7.10). There is no agreement on the

acceptable value of the weights (Rai et al. 2006). Nonetheless, following
Diamantopoulos and Winklhofer’s (2001) and Diamantopoulos and Siguaw’s (2006)
recommendation, the variance inflation factor (VIF) for each formative variable was

estimated in assessing multicollinearity. VIF values below 10 are considered acceptable

in determining low multicollinearity (Andreou and Bontis 2007). The VIF for all

variables was below 10.
Construct

Table 7.10: Measures for formative indicators (adoption model)

External
Uncertainty

Dimension

Item

PLS weight

VIF

Data uncertainty

EU1

-0.1664

1.002

Technology uncertainty

EU3

0.7250

1.245

Demand uncertainty

EU2

0.4139

1.243

Internal Consistency
Referring to table 7.11, all constructs met the acceptable criterion for internal
consistency and AVE. The highest internal consistency was observed for ‘cost’ (0.916)
followed by ‘external pressure’ (0.913), and the lowest being ‘ease of use’ (0.822).

Considering the advice by Jiang et al. (2002), this research considered 0.5 as the

acceptable minimum value of AVE. The AVE values for every constructs exceeded the
recommended value 0.5, which means that convergent analysis for these constructs is
satisfied (see Table 7.11). The highest value for AVE was experienced by ‘compatibility’
(0.801) and the lowest acceptable value was by ‘expectation’ (0.512).
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Table 7.11: Measures for Internal Consistency and AVE (adoption model)

Construct

Internal Consistency

AVE

External pressure (EP)

0.913

0.540

0.878

0.593

External support (ES)
Resource
Management
Ease of use
Compatibility
Trialability
Cost
Standard
Expectation
Adoption

0.842
0.863
0.822
0.889
0.867
0.916
0.824
0.860
0.882

0.572
0.563
0.611
0.801
0.767
0.733
0.621
0.512
0.655

To establish discriminant validity, the square root of the AVE was compared to the
inter-construct correlations. For each construct, the square root of AVE for that

construct should be greater than the variance shared between a construct and other
constructs in the model (Barclay et al. 1995). Table 7.12 presents the square root of

AVE (diagonal elements), and the correlations between constructs (off-diagonal

elements). It shows that square root of AVE is greater than the off-diagonal elements

across the row and down the column. These finding shows that all the results are

satisfactory, which confirms the establishment of the discriminant validity at the
construct level.
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Table 7.12: Correlation of Latent Variables & Square Root of AVE (adoption model)
EP

ES

ES

0.517

0.756

MA

0.533

0.434

0.702

0.750

0.180

-0.011

0.027

0.294

0.895

0.179

-0.005

-0.322

-0.073

0.856

0.711

0.664

-0.312

EP
OR

CPX

CPT

TRL
CST

STD
EXP

ADP

0.735

OR

MA

CPX

CPT

TRL

COST

STD

0.361

0.545

0.770

0.581

0.567

0.663

0.727

0.782

0.008

0.135

0.239

0.463

0.876

0.208

-0.026

0.111

0.511

0.788

0.208

0.501

0.470

0.234
0.231
0.024
0.199
0.447
0.481

0.104
0.093
0.127
0.330
0.392

0.245
0.335
0.184
0.426

0.367
0.214
0.414

Bold diagonal elements are the square root of AVE

0.467
0.368

0.188

0.038

EXP

ADP

0.716
0.358

0.809
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Cross-loading matrix
This procedure was done manually as PLS- graph version 3.0 does not run the crossloading check. The matrix of loading and cross loading is shown in Table 7.13. Cross-

loading matrix shows the correlations of the items with the constructs. The results
indicate that all items demonstrate higher loadings in their respective constructs in
comparison to their cross loadings in other constructs. Therefore, it confirms that the
measurement model has strong discriminant validity at the items level.

Based on the outcome as shown in Table 7.9 to Table 7.13, overall result of the
measurement model has provided satisfactory empirical support for the reliability,

convergent and discriminant validity. Having established that the measurement model
is adequate and sufficient, the next phase of PLS analysis is conducted; the assessment
of the structural model in this research. This analysis is presented in the next section.
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Table 7.13: Cross-loading Matrix (adoption model)
ADP

EXP

EP

ES

EOU

CPT

TRL

CST

STD

ORC

MA

ADP1

.495

.212

.093

.175

.256

.201

.212

.221

.605

.175

.063

ADP2

.857

.499

.495

.368

.461

.301

.242

.276

.310

.340

.395

ADP3

.886

.387

.469

.395

.335

.247

.196

.389

.382

.416

.397

ADP4

.866

.275

.403

.352

.302

.116

.241

.463

.397

.358

.331

ADP5

.532

-.128

.115

.090

.013

-.155

-.076

.568

.484

.244

.178

EXP1

.307

.591

.528

.364

.494

.266

.241

-.104

.009

.265

.307

EXP3

.161

.762

.220

.181

.234

.747

.433

-.337

-.025

-.014

.019

EXP4

-.022

.598

.092

.079

.020

.596

.313

-.429

-.202

-.189

-.144

EXP5

.218

.824

.213

.160

.267

.838

.515

-.245

.040

-.028

.047

EXP6

.341

.848

.323

.256

.337

.539

.699

-.260

.049

.185

.187

EXP7

.195

.702

.258

.182

.300

.428

.562

-.315

.030

.132

.093

EP3

.174

.111

.458

.108

-.128

.113

.386

.174

.111

.122

.380

EP4

.255

.430

.767

.285

.446

.289

.205

-.231

-.037

.181

.399

EP5

.334

.366

.776

.384

.515

.139

.164

-.050

.074

.345

.540

EP7

.259

.407

.810

.367

.502

.233

.222

-.133

.055

.238

.417

EP8

.447

.188

.683

.372

.317

.028

.147

.215

.231

.191

.266

EP9

.437

.374

.801

.470

.390

.201

.188

.072

.128

.243

.364

EP10

.212

.407

.774

.427

.503

.220

.188

-.115

.128

.288

.373

EP11

.364

.259

.622

.349

.302

.212

.093

.175

.256

.191

.233

EP12

.394

.255

.714

.390

.454

.141

.116

.088

.239

.348

.494

EP13

.290

.382

.653

.307

.498

.176

.246

-.132

.109

.367

.474

ES1

.352

.302

.116

.499

.139

.164

-.050

.074

.036

.548

.531

ES2

.329

.330

.482

.761

.570

.142

.042

-.008

.036

.548

.531

ES4

.304

.285

.469

.795

.386

.174

.111

.064

.122

.380

.233

ES5

.151

.185

.332

.711

.327

.139

.087

.012

.035

.274

.203

ES6

.332

.174

.267

.758

.388

.098

.085

.184

.161

.384

.283
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ES7

.046

.171

-.025

.479

.197

.328

.382

-.035

.196

.231

-.035

EOU1

.365

.348

.479

.490

.883

.208

.170

.082

.255

.691

.774

EOU 2

.204

.367

.576

.442

.812

.144

.108

-.128

.113

.551

.656

EOU 4

.248

.398

.326

.386

.612

.336

.281

-.028

.072

.249

.312

CPT1

.122

.670

.226

.197

.322

.832

.390

-.379

-.077

.061

.062

CPT2

.352

.468

.018

-.024

.051

.585

.154

.216

.082

.226

.597

CPT3

.200

.628

.204

.142

.231

.946

.437

-.238

.009

-.053

.002

TRL1

.221

.605

.175

.063

.171

.405

.922

-.029

.095

-.016

.122

TRL2

.120

.573

.263

.149

.293

.430

.8837

-.133

.108

.049

.119

CST2

.461

-.184

.114

.083

.095

-.188

-.052

.851

.348

.221

.226

CST3

.446

-.264

.046

.171

-.025

-.256

-.076

.897

.375

.217

.144

CST4

.374

-.282

-.047

.123

-.056

-.357

-.094

.844

.428

.201

.058

CST5

.424

-.346

-.047

-.057

-.045

-.319

-.032

.826

.608

.199

.166

STD1

.462

-.011

.099

.140

.221

-.077

.023

.503

.905

.358

.337

STD2

.407

.139

.223

.099

.139

.151

.205

.356

.885

.201

.268

STD3

.150

-.126

.225

.022

.127

-.321

.005

.393

.496

.257

.324

ORC1

.339

.152

.197

.328

.382

.061

.046

.203

.236

.598

.413

ORC2

.353

.271

.350

.483

.593

.119

.033

.181

.159

.801

.534

ORC3

.268

.049

.307

.439

.558

-.144

-.026

.164

.265

.767

.636

ORC4

.213

.114

.193

.352

.468

.018

-.024

.051

.230

.783

.574

ORC5

.394

.094

.305

.460

.529

-.104

-.016

.272

.372

.873

.643

MA1

.343

.012

.283

.278

.303

-.181

.022

.257

.331

.497

.568

MA2

.258

.250

.427

.373

.658

.098

.089

.008

.212

.590

.815

MA3

.133

-.035

.196

.231

.485

-.104

.088

.228

.268

.392

.649

MA4

.344

.264

.507

.349

.678

.154

.216

.082

.226

.597

.835

MA5

.256

.337

.539

.699

.278

.144

.175

.063

.171

.175

.846
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7.4.2 Assessment of the Structural Model
Path coefficient (β) and statistical significance of t-value
As shown in Table 7.14, four hypotheses out of eleven were accepted. It was found that

external pressure, management attitude, and expectations have positive influences in
RFID adoption while cost has a negative influence. In Figure 7.1, the path-coefficient

value (β) is shown near to each link among the constructs while the t-value is shown

next to the β value in bracket.

Table 7.14: Evaluation of the Research Hypotheses (adoption model)
t-value

Result

H1a

EP to ADP (+)

0.2190

2.8187

Supported

H1c

UNC to ADP (+)

0.0150

0.1875

Not Supported

Hypothesis

Link

Path Coefficient
(β)

H1b
H2a
H2c

H3a

H3b
H3c

H3d
H3e
H4a

ES to ADP (+)

Resource to ADP (+)
MA to ADP (+)

EOU to ADP (+)
CPT to ADP (+)

TRL to ADP (+)
Cost to ADP (-)
STD to ADP (-)

EXP to ADP (+)

0.0450
0.0740
0.3210

-0.1810
0.0730
0.1750

-0.5730
0.0900
0.5290

Significant *p<0.05, **p<0.01, ***p<0.005

0.5951
0.6745
1.7155
1.4035
0.6216
1.6470

8.0777
1.1602
2.7875

Not Supported
Not Supported
Supported

Not Supported
Not Supported
Supported
Supported

Not Supported
Supported

.05==1.645; .025==1.96; .01==2.32; .005==2.57
External pressure has been supported as the only significant factor of external
environment (β=0.219; t=2.818), supporting H1a. In other words, the livestock farmers

intend to adopt RFID technology when they suspect and/or experience any pressure
from the external environment (e.g., government, market and so on). However, the
influence of external support (β=0.045; t=0.595) and external uncertainty (β=0.015;

t=0.188) were not found to be significant thus rejecting H1b and H1c respectively.

Among the organisational factors, organisation’s management-related factors (β=0.321;

t=1.715) were found to have positive influences on the intention on RFID-adoption
whereas organisational resources (β=0.074; t=0.675) do not contribute that much to
intend to adopt RFID technology.
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Figure 7.1: The structural model of RFID adoption
With regard to technological factors, RFID cost (β=-0.573; t=8.077) and trialability

(β=0.175; t=1.547) have been supported as the factors that affect the intention of RFID
adopters. Ease of use (β=0.181; t=1.403), compatibility (β=0.073; t=0.622), and lack of

standard (β=0.09; t=1.16) were found as non-significant. Therefore, H3d was accepted
while H3a, H3b, H3c, and H3e were rejected in “non-adopters model”.

The analysis of data for “non-adopters model” found a significant impact of expectation

on RFID intention. The significant values (β=0.529; t=2.788) support that H4a is
accepted.

As mentioned earlier, external uncertainty does not influence the non-adopters to make

them to intend to adopt RFID technology; though the contributions from two (UNC2
and UNC3) from three indicators of external uncertainty were significantly reasonable.
Table 7.15: Measures for formative indicators (adoption model)

Uncertainty

Weight

t-value

UNC1

-0.1662

0.7127

UNC3

0.7248

5.1464

UNC2

0.4141

1.8332
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Amount of variance explained or R square (R²)
Based on the scores of R², as shown in Figure 7.1, the model explained 64.3 percent

of the variance in RFID adoption that satisfies the requirement for the 0.10 cut off value
(Teo, Wei et al. 2003; Rai, Patnayakuni et al. 2006).

7.5 DATA ANALYSIS PART 3: The adoption, and Continued and Extended
Usage Model
7.5.1 Assessment of the Measurement Model
Overall, there are 75 items for twelve constructs; External Environment, Organisational

Factors, Technological Factors, Expectation, RFID Adoption, Confirmation, Satisfaction,

Self-Efficacy, Intention for Continued Use, Intention for Extended Use, Facilitating
Conditions, and Extended Usage Behaviour. As part of the PLS procedure (Barclay et al.

1995; Hulland 1999), this model was tested for item reliability, internal consistency,
and discriminant validity to assess the measurement adequacy of the model.
Item reliability

Following the recommendation of Igbaria et al. (1995), nine items were discarded

(loading below 0.45) as “no persuasive argument found in the literature to support the
use of these low loading items in measuring the construct” (Quaddus and Hofmeyer

2007). The deleted items are EP1 (legislation), EP2 (government legislation), EP6
(competitive pressure), ES3 (taxation), OR1 (location), TRL2 (trialability), SE1

(assistance), SE3 (time), and AUB2 (span). Following an iterative procedure of deleting
each item having less than 0.45 item-loading, refinements to this model were made.

The item loadings are detailed in Table 7.16. PLS was run again deleting these nine

items. Based on this procedure, the result of all loadings are greater than 0.5, as shown
in Table 7.16. This result confirms that all items are sufficient to represent their

respective construct.

Table 7.16: Item loading of reflective indicators (adoption-diffusion and extension

model)

Construct

Measuement

Item

PLS loading

External Pressure

Legislation

EP1

-0.0034

Market demand

EP3

0.7121

Government intervention
Trading requirement
Business pressure

EP2
EP4
EP5

-0.1810
0.5945
0.7987
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Competitive pressure

EP6

0.4111

Mimetic pressure

EP8

0.6091

Competition

Favourability

Normative pressure
External Support

Subjective norm

Information service
Infrastructure
Taxation
Training

Demonstration
Publication
Resource

Discussion
Location

Financial resource
Knowledge-base

Management

Human resource

Future-orientation
Willingness

Farm innovativeness

Management support
Complexity
Compatibility
Trialability
Cost
Standard
Expectation

Risk attitude
Interaction
Effort

Overall ease of use
Existing practice
Integration

Data compatibility
Trialability
Divisibility

Overall costs
Cost-Benefit

Share of costs

Global hardware
Interoperability

Data standardisation

Competitive advantage

Return on investment (ROI)

EP7
EP9

EP10
EP11
ES1
ES2
ES3
ES4
ES5
ES6
ES7

OR1
OR2
OR3
OR4

MA1
MA2
MA3
MA4
MA5

CPX1
CPX2
CPX3

CPT1
CPT2
CPT3

TRL1
TRL2
CST1
CST2
CST3

STD1
STD2
STD3
EXP1
EXP2

0.8123
0.7052
0.7829
0.5915
0.8137
0.8160
0.1679
0.7450
0.7732
0.7152
0.6144
0.2486
0.7549
0.8089
0.7774
0.6366
0.8588
0.7880
0.8711
0.7638
0.8543
0.8991
0.9334
0.9175
0.9293
0.8711
0.7684

-0.2222
0.8144
0.9175
0.6059
0.9113
0.9572
0.5980
0.7925
0.8326
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Efficiency

EXP3

0.8495

Productivity

EXP5

0.8523

Profit

Proof of ownership

Adoption

Significance
Duration
Extent

Confirmation

Positive confirmation
Just confirmation

Overall confirmation

Satisfaction

Judgment

Wise decision

Intention for Continued
Use

Re-adopt

Continue than discontinue
Intention

Discontinue

Self-efficacy

Assistance

Self-reliance

Intention for Extended
Use

Time

Internal need

Farm-efficiency
Customer focus

Facilitating Conditions

Exploration
Resource

Economics
Support

Extended

Behaviour

Usage

Stakeholders

Commitment
Span

Duration

EXP4
EXP6

ADP1
ADP2
ADP3

CFM1
CFM2
CFM3
STF1
STF2
STF3
ICU1
ICU2
ICU3
SE1
SE2
SE3

IEU1
IEu2

IEU3
IEU4
FC1
FC2
FC3
FC4

AUB1
AUB2
AUB3

0.8666
0.7651
0.9414
0.4640
0.4562

0.8457
0.6071
0.7472
0.9308
0.9304
0.7640
0.8116
0.8061
0.7985
0.2148
0.9395
0.2004
0.8834
0.9243
0.9104

0.8454
0.7815
0.8442
0.8445
0.7158
0.9068
0.2599
0.6584

It is found that most of the items satisfied the acceptable value of item reliability

whereas nine items could not. Deleting one of item of trialability and two items of self-

efficacy left only single item each for each construct to measure. The high item loading
of the only item shows that single-item measurement of those constructs is acceptable
(Wanous, Reichers et al. 1997).
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As mentioned earlier, item reliability of formative items is not examined with item
loading but with the weight scores. However, the items are checked with acceptable VIF
values (Table 7.17) which are below 10.

Table 7.17: Measures for formative indicators (adoption-diffusion and extension

model)

Construct

Dimension

Item

PLS weight

VIF

External

Data uncertainty

EU1

0.9624

1.009

Technology uncertainty

EU3

-0.2197

1.049

Uncertainty

Demand uncertainty

EU2

-0.2314

1.040

Internal Consistency
Referring to Table 7.18, all constructs met the acceptable criterion for internal

consistency. The highest internal consistency was observed for Intention for Extended
Use (0.939) followed by Expectation (0.929) and Satisfaction (0.91), and the lowest
being RFID adoption (0.731). Similarly, the AVE values for every constructs except

‘Adoption’ exceeded the recommended value 0.5, which means that convergent analysis

for these constructs is satisfied. The highest value for AVE was experienced by
Intention for extended use (0.794) and the lowest acceptable value was by External
Pressure (0.504). Though the ‘Adoption’ construct could not achieve the acceptable

AVE value of 0.5 it has been retained, considering its significance and consequence in

this current research as well as its well-acceptance in literature. The AVE value of
‘Adoption’ (0.48) is close to the acceptable value, anyway.

Table 7.18: Internal Consistency and AVE (adoption-diffusion and extension model)

Construct

Internal Consistency

AVE

External Pressure (EP)

0.889

0.504

Ease of Use (EOU)

0.924

0.803

External Support (ES)
Compatibility (CPT)
Cost (CST)

Lack of Standards (STD)

Organisational Resources (ORC)
Management (MA)
Expectation (EXP)
ADP

Confirmation (CFM)

0.885
0.932
0.829
0.872
0.852
0.890
0.928
0.666
0.781

0.565
0.821
0.624
0.701
0.657
0.621
0.684
0.481
0.547
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Satisfaction (STF)

0.910

0.772

Intention for Extended Use (IEU)

0.939

0.794

Intention for Continued Use (ICU)
Extended Usage Behaviour (AUB)
Facilitating Conditions (FC)

0.847
0.779
0.875

0.649
0.643
0.637

Trialability and self-efficacy have not been considered for composite reliability and AVE

tests because they have got a single item.
Discriminant validity

Table 7.19 presents the detailed results of first discriminant validity test. The square
root of AVEs are shown as the main diagonal elements. The off-diagonal elements
represent the correlations among the latent variables.
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Table7.19: Correlation of Latent Variables & Square Root of AVE (adoption-diffusion and extension model)
EP

ES

CPX

CPT

CST

STD

OR

MA

EXP

ADP

CFM

STF

ICU

IEU

EUB

EP

0.710

ES

0.454

0.752

CPX

0.476

0.492

0.896

CPT

0.563

0.518

0.182

0.790

CST

-0.293

-0.252

-0.401

-0.38

0.837

STD

0.24

0.12

0.199

0.259

0.123

0.811

OR

0.24

0.462

0.536

0.514

-0.274

0.063

0.788

MA

0.465

0.453

0.605

0.636

-0.458

0.156

0.464

0.827

EXP

0.423

0.275

0.274

0.292

-0.072

0.268

0.134

0.373

0.694

ADP

0.622

0.429

0.546

0.617

-0.321

0.219

0.374

0.637

0.359

0.740

CFM

0.49

0.517

0.554

0.569

-0.299

0.164

0.394

0.59

0.299

0.555

0.879

STF

0.55

0.516

0.662

0.689

-0.531

0.108

0.456

0.688

0.286

0.656

0.65

0.806

ICU

0.471

0.44

0.505

0.568

-0.4

0.157

0.412

0.543

0.197

0.592

0.536

0.606

0.891

IEU

0.303

0.334

0.403

0.387

-0.339

0.059

0.346

0.606

0.317

0.428

0.554

0.576

0.39

0.802

EUB

0.43

0.305

0.349

0.373

-0.316

0.079

0.287

0.463

0.32

0.488

0.446

0.453

0.415

0.63

0.798

0.352

0.262

0.249

0.323

-0.218

0.193

0.13

0.507

0.386

0.403

0.423

0.444

0.258

0.577

0.416

FC

Bold diagonal elements are the square root of AVE

FC

0.72
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Table 7.19 indicates that the square root of AVE is greater than the off-diagonal

elements across the row and down the column. These finding shows that all the results
are satisfactory, which confirms the establishment of the discriminant validity at the
construct level.

The second discriminant validity criterion states that no item should load higher on
another construct than the construct it is supposed to measure (Barclay et al. 1995). In
this analysis for discriminant validity, cross loadings for each item were explored and

compared across all constructs. The matrix of loading and cross loading is shown in

Table 7.20. The results indicate that all items demonstrate higher loadings in their
respective constructs in comparison to their cross loadings in other constructs.

Results of the cross-loading analysis showed that all items loaded higher on the

construct that they were measuring than they did on other constructs in the model.

Therefore, it confirms that the measurement model has strong discriminant validity at
the items level which means that all the latent variables are different from each other.
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EP3

EP
0.712

ES
0.156

ORC
0.146

EP4

0.594

0.254

EP5

0.798

EP7

Table 7.20: Cross-loading matrix (adoption-diffusion and extension model)
MA
0.29

EOU
0.308

CPT
0.375

CST
-0.21

STD
0.28

EXP
0.144

ADP
0.416

CFM
0.285

STF
0.346

ICU
0.381

IEU
0.196

EUB
0.209

FC
0.159

0.06

0.222

0.339

0.397

-0.16

0.13

0.256

0.418

0.233

0.277

0.29

0.022

0.163

0.18

0.283

0.278

0.303

-0.18

0.022

0.257

0.33

-0.32

-0.32

0.005

0.005

0.393

0.497

0.267

0.173

0.812

0.347

0.161

0.314

0.275

0.34

-0.19

0.11

0.218

0.391

0.37

0.433

0.247

0.272

0.267

0.326

EP8

0.609

0.324

0.247

0.379

0.28

0.362

-0.21

0.16

0.436

0.428

0.435

0.467

0.322

0.398

0.421

0.36

EP9

0.705

0.361

0.112

0.32

0.342

0.364

-0.19

0.15

0.461

0.415

0.324

0.344

0.393

0.238

0.375

0.266

EP10

0.783

0.37

0.196

0.373

0.336

0.36

-0.21

0.1

0.234

0.42

0.375

0.339

0.274

0.219

0.298

0.243

EP11

0.591

0.59

0.222

0.298

0.259

0.297

-0.09

0.05

0.297

0.345

0.38

0.34

0.288

0.155

0.277

0.139

ES1

0.426

0.813

0.373

0.321

0.385

0.444

-0.19

0.13

0.268

0.411

0.44

0.422

0.391

0.272

0.238

0.179

ES2

0.305

0.816

0.307

0.498

0.176

0.246

-0.13

0.11

0.126

0.169

0.388

0.429

0.326

0.367

0.469

0.447

ES4

0.12

0.745

0.396

0.35

0.454

0.435

-0.2

0.09

0.153

0.353

0.342

0.146

0.313

0.251

0.221

0.205

ES5

0.305

0.773

0.113

0.199

0.116

0.124

0.15

0.1

0.225

0.29

0.362

0.38

0.308

0.231

0.214

0.152

ES6

0.3

0.715

0.257

0.268

0.22

0.221

-0.06

0.09

0.217

0.152

0.258

0.261

0.172

0.206

0.176

0.186

ES7

0.372

0.614

0.311

0.276

0.243

0.301

-0.12

0.14

0.248

0.223

0.324

0.288

0.175

0.306

0.339

0.195

ORC2

0.04

0.072

0.754

0.147

0.094

0.115

-0.06

0.01

0.154

0.055

0.137

0.058

0.03

0.124

0.076

0.131

ORC3

0.194

0.381

0.808

0.332

0.451

0.425

-0.2

0.05

0.121

0.379

0.291

0.33

0.357

0.24

0.214

0.004

ORC4

0.166

0.329

0.777

0.309

0.409

0.362

-0.06

0.13

0.074

0.261

0.301

0.267

0.262

0.252

0.226

0.087

MA1

0.253

0.389

0.613

0.636

0.42

0.445

-0.34

0.06

0.142

0.277

0.364

0.464

0.413

0.305

0.285

0.24

MA2

0.433

0.363

0.439

0.858

0.547

0.566

-0.35

0.2

0.232

0.523

0.503

0.572

0.398

0.342

0.288

0.344

MA3

0.325

0.309

0.331

0.788

0.506

0.515

-0.41

0.16

0.316

0.505

0.419

0.522

0.41

0.428

0.279

0.33

MA4

0.38

0.326

0.307

0.871

0.451

0.488

-0.32

0.09

0.312

0.54

0.494

0.524

0.433

0.534

0.406

0.447

MA5

0.292

0.359

0.323

0.763

0.574

0.473

-0.33

0.03

0.306

0.441

0.398

0.47

0.427

0.436

0.425

0.213
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EOU1

0.368

0.368

0.53

0.514

0.854

0.714

-0.35

0.19

0.166

0.417

0.434

0.547

0.399

0.316

0.246

0.192

EOU2

0.482

0.469

0.447

0.573

0.899

0.808

-0.38

0.22

0.27

0.551

0.532

0.651

0.474

0.392

0.351

0.248

EOU3

0.473

0.461

0.506

0.599

0.933

0.857

-0.39

0.17

0.266

0.537

0.57

0.636

0.501

0.388

0.326

0.3

CPT1

0.492

0.426

0.459

0.562

0.79

0.917

-0.33

0.26

0.288

0.59

0.564

0.617

0.493

0.377

0.352

0.304

CPT2

0.503

0.503

0.501

0.592

0.74

0.929

-0.33

0.26

0.28

0.539

0.52

0.657

0.526

0.367

0.351

0.273

CPT3

0.153

0.146

0.12

0.189

0.185

0.871

-0.06

0.08

0.018

0.11

0.125

0.169

0.087

0.087

0.095

0.187

CST1

-0.28

-0.21

-0.14

-0.35

-0.35

-0.32

0.814

0.07

-0.05

-0.29

-0.26

-0.46

-0.35

-0.24

-0.23

-0.17

CST2

-0.17

-0.18

-0.29

-0.38

-0.26

-0.27

0.917

0.14

-0.02

-0.19

-0.25

-0.4

-0.23

-0.3

-0.22

-0.18

CST3

0.114

-0.03

-0.08

-0.06

0.028

0.055

0.606

0.69

0.157

0.031

0.082

-0.05

-0.03

-0.09

0.004

0.08

STD1

0.199

0.116

0.124

0.15

0.196

0.237

0.104

0.91

0.208

0.211

0.172

0.113

0.179

0.067

0.074

0.15

STD2

0.132

0.017

-0.04

0.126

0.037

0.12

0.17

0.96

0.256

0.089

0.101

-0.02

-0.01

0.05

0.068

0.2

STD3

0.043

0.017

-0.01

0.027

0.01

0.025

0.105

0.6

0.012

-0.05

0.015

-0.02

-0.06

-0.02

0.002

0.128

EXP1

0.358

0.166

0.089

0.261

0.183

0.237

0.023

0.25

0.793

0.243

0.142

0.126

0.123

0.127

0.184

0.247

EXP2

0.301

0.171

0.025

0.271

0.151

0.164

0.026

0.25

0.832

0.227

0.214

0.147

0.108

0.236

0.237

0.37

EXP3

0.301

0.158

0.104

0.253

0.173

0.169

-0.06

0.19

0.849

0.235

0.243

0.177

0.083

0.28

0.262

0.355

EXP4

0.342

0.224

0.125

0.319

0.233

0.219

-0.13

0.21

0.866

0.285

0.274

0.29

0.171

0.335

0.309

0.324

EXP5

0.199

0.116

0.124

0.15

0.267

0.173

0.181

0.33

0.852

0.35

0.454

0.113

0.435

0.165

0.204

-0.17

EXP6

0.461

0.35

0.222

0.443

0.421

0.455

-0.23

0.19

0.765

0.482

0.485

0.541

0.365

0.387

0.373

0.352

ADP1

0.323

0.231

0.227

0.332

0.28

0.329

-0.21

0.12

0.235

0.941

0.346

0.367

0.392

0.266

0.271

0.206

ADP2

0.192

0.117

0.098

0.131

0.089

0.109

-0.03

0.04

0.078

0.464

0.1

0.122

0.096

0.082

0.252

0.107

ADP3

0.393

0.26

0.186

0.381

0.288

0.331

-0.11

0.14

0.287

0.456

0.395

0.417

0.298

0.306

0.354

0.235

CFM1

0.276

0.298

0.229

0.318

0.322

0.356

-0.16

0.15

0.145

0.334

0.845

0.367

0.369

0.309

0.275

0.161

CFM2

0.232

0.304

0.224

0.318

0.327

0.287

-0.17

0.02

0.024

0.313

0.607

0.342

0.349

0.281

0.215

0.201

CFM3

0.321

0.339

0.233

0.348

0.389

0.428

-0.22

0.05

0.187

0.418

0.747

0.419

0.578

0.204

0.19

0.14
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STF1

0.534

0.511

0.388

0.66

0.611

0.642

-0.54

0.06

0.29

0.642

0.631

0.93

0.572

0.508

0.448

0.42

STF2

0.45

0.407

0.418

0.561

0.513

0.516

-0.4

0.12

0.228

0.558

0.514

0.93

0.515

0.534

0.365

0.427

STF3

0.529

0.324

0.301

0.442

0.427

0.487

-0.32

0.23

0.212

0.422

0.369

0.764

0.386

0.346

0.276

0.292

ICU1

-0.19

0.152

0.332

0.451

0.425

-0.2

0.05

0.26

0.342

0.461

0.344

0.364

0.811

0.074

0.267

0.262

ICU2

0.387

0.363

0.312

0.443

0.413

0.424

-0.37

0.12

0.15

0.449

0.464

0.523

0.803

0.399

0.395

0.27

ICU3

0.351

0.342

0.194

0.343

0.275

0.325

-0.15

0.21

0.487

0.356

0.247

0.336

0.796

0.213

0.219

0.191

IEU1

0.234

0.236

0.272

0.454

0.299

0.308

-0.23

0.04

0.258

0.322

0.46

0.484

0.339

0.883

0.498

0.438

IEU2

0.273

0.319

0.306

0.569

0.36

0.356

-0.32

0.04

0.273

0.396

0.486

0.515

0.333

0.924

0.595

0.524

IEU3

0.29

0.322

0.301

0.582

0.409

0.369

-0.37

0.02

0.279

0.397

0.535

0.534

0.313

0.91

0.587

0.545

IEU4

0.369

0.369

0.337

0.536

0.467

0.422

-0.43

0.11

0.317

0.493

0.481

0.554

0.44

0.845

0.739

0.491

EUB1

0.267

0.173

0.181

0.33

0.165

0.204

-0.17

0.08

0.241

0.297

0.301

0.273

0.255

0.467

0.907

0.29

EUB3

0.236

0.1

0.103

0.277

0.104

0.117

-0.03

0.11

0.298

0.244

0.235

0.189

0.149

0.348

0.658

0.523

FC2

0.24

0.185

0.095

0.438

0.217

0.24

-0.16

0.14

0.334

0.35

0.357

0.358

0.199

0.489

0.341

0.781

FC3

0.269

0.104

-0.04

0.322

0.107

0.185

-0.08

0.17

0.295

0.275

0.288

0.301

0.158

0.362

0.203

0.844

FC4

0.095

0.123

0.176

0.281

0.3

0.277

-0.09

0.11

0.091

0.3

0.257

0.23

0.241

0.245

0.197

0.844
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Based on the outcomes as shown in Table 7.16 to Table 7.20, overall result of the

measurement model of Group 2 has provided satisfactory empirical support for the

reliability, convergent, and discriminant validity. Having established that the

measurement model is adequate and sufficient, the next phase of PLS analysis was to
analyse the assessment of the structural model. This analysis is presented in the next
section.

7.5.2 Assessment of the Structural Model

Path coefficient (β) and statistical significance of t-value
Table 7.21 is presented along with the result of the research hypotheses.

Table 7.21: Evaluation of the Research Hypotheses (adoption-diffusion and extension

model)

Hypothesis

Link

Path Coefficient

t-value

Result

H1a

EP to ADP

0.3230

4.8396

Supported

H1c

UNC to ADP

0.0440

0.8748

Not Supported

H1b
H2a

H2b
H2c

H2d
H3a

H3b
H3c

H3d
H3e
H4a

H4b
H4c
H5

H6a

H6b
H7
H8
H9

H10
H11

ES to ADP

ORC to ADP
ORC to ICU
MA to ADP
MA to ICU

EOU to ADP
CPT to ADP

TRL to ADP
CST to ADP

STD to ADP
EXP to ADP

EXP to CFM
EXP to STF

ADP to CFM
CFM to STF
CFM to ICU
STF to ICU
SE to ICU

ICU to IEU

IEU to EUB
FC to EUB

-0.0020
0.0330
0.0960
0.3420
0.1520

-0.0080
0.1790

-0.0630
0.0300
0.0360
0.0300
0.1150
0.1000
0.5140
0.6200
0.1700
0.3380
0.0910
0.3900
0.5850
0.0790

Significant *p<0.05, **p<0.01, ***p<0.005

0.0397
0.4970
1.1971
4.4695
1.7007
0.0796
1.7235
1.1818
0.4961
0.7741
0.5330
2.0267
1.6755
8.9076

15.3554
2.0619
3.2664
1.5599
6.6401
7.9058
1.1353

Not Supported
Not Supported
Not Supported
Supported
Supported

Not Supported
Supported

Not Supported
Not Supported
Not Supported

Not Supported
Supported
Supported
Supported
Supported
Supported
Supported

Not Supported
Supported
Supported

Not Supported
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0.05==1.645; 0.025==1.96; 0.01==2.32; 0.005==2.57

As shown in the table, the influence of external pressure (H1a), organisational

management (H2c), and compatibility (H3b) are found to be significant and positive on

RFID adoption. It is found that expectation has a direct influence on confirmation (H4b)

and satisfaction (H4c) but not on adoption (H4a). Also, the continuance intention of
RFID is dependent on confirmation (H6b), satisfaction (H7), and organisational
management-related factors (H2d). However, the influence of self-efficacy on

continuance intention is not supported (β=0.092; t=1.56). Finally, intention for

extended use influence extended usage behaviour (H10) which is not dependent on
facilitating conditions (H11) (β =0.073; t=1.15).

As mentioned earlier, external uncertainty does not influence the non-adopters to make
them to intend to adopt RFID technology, as presented in Table 7.22.

Table 7.22: Measures for formative indicators (adoption-diffusion and extension

model)

Uncertainty

Weight

t-value

UNC1

0.9622

11.7179

UNC3

-0.2217

0.9072

UNC2

-0.2308

1.2674

As presented in Figure 7.2, the β value is shown near to each link among the constructs
while the t-value is shown next to the β value in bracket.

Amount of variance explained or R square (R²)

Based on the scores of R², as shown in Figure 7.2, the antecedents independents factors
explain 56.9% of the variance for Adoption, 32.6% for Confirmation, 40.1% for

Continuance intention, 42.8% for Satisfaction, 32% for Intention for extended use, and
43.7% for Extended usage behaviour. R2 value can be interpreted in the following way:

the model explained 40.2% of the variance in RFID extension, for example. Similarly,

with the highest R2 value, the model explained 56.9% of the variance in RFID adoption.

Overall findings show that all scores of R² value satisfy the requirement for the 0.10 cut
off value (Falk and Miller 1992).
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Figure 7.2: The structural model of RFID adoption-diffusion and extension model
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7.6 Comparison of Voluntary and Mandatory Adoption Models
The adoption factors have been compared in both mandatory and voluntary models

(see Table 7.23). The findings of this study showed that, in both mandatory and

voluntary environment, there is significant statistical evidence to support a positive

relationship between external pressure and RFID adoption. In a mandatory setting
when the organisations experience pressure from the external environment they have

no choice but to adopt the technology. On the other hand, in a voluntary environment,

RFID adoption takes place when the organisations find that such adoption preserves
their competitive position and/or increase the competitive advantage, for example.

External support is not supported in either model which is somewhat contradictory to
the existing literature. External support is rejected may be because of trusting farms’
self-capability and self-efficacy. Similarly, external uncertainty does not have an

influence to convince the farmers to adopt RFID in both environments.

It is found that perceived complexity and and perceived lack of standards related to
RFID do not affect farms’ RFID-adotion decision in either environemtns. Schmitt and

Michahelles (2009) too did not find a negative relationship between complexity and

RFID adoption. In a mandatory environment this finding is not suprising as

organisations need to comply with the requirement and therefore do not consider
other such issues. However, in a voluntary setting this is empricially proven by

literature that perceived complexity and lack of standards would deter the
organisations to adopt RFID. In this current study it can be interpreted that the

voluntary farms do not conider these issues as important for their decision. Moreover,
as they have not adopted yet they might not aware of these issues. The positive
influence of compatibility in mandatory model is supported by Schmitt and Michahelles
(2009) while cost in voluntary model is supported by Brown and Russell (2007), Shih

et al. (2008) and Schmitt and Michahelles (2009). It is found that when organisations
are forced to adopt RFID, from technological perspective, compatibility is the most
important factor they consider. On the contrary the voluntary farms consider

trialability and costs of RFID technology as important. The voluntary prospective-

adopters want to trial RFID technology and get convinced if RFID systems can be
implemented in an increment fashion; while RFID costs are one of the main concerns.

It is interesting to find that the availability of organisational resources does not

influence RFID adoption but the organisation’s management-related factors do. This

finding support that an organisation with tremendous resources which is not

innovative, for example, may not adopt RFID technology whereas a firm with limited
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resource and positive mindset may adopt RFID technology. In a mandatory

environment all farms need to adopt RFID (unless they quit the business) regardless of

their resources; however, a firm with positive management-attitude or innovativeness
could be an early adopter.

Finally, in a mandatory adoption the adopters’ expectations do not influence the

adoption decision because they do not possess the luxury to expect but to follow the

rules. In contrast, the voluntary farms adopt RFID technology when they convince
themselves that RFID could address their expectations. The more they expect from an
RFID system the more positive they are to adopt RFID.
Table 7.23: Comparison of results

Non-adopter

Adopter

EP to ADP (+)

Supported

Supported

UNC to ADP (+)

Not Supported

Not Supported

ES to ADP (+)

Resource to ADP (+)
MA to ADP (+)

EOU to ADP (+)
CPT to ADP (+)

TRL to ADP (+)
Cost to ADP (-)
STD to ADP (-)

EXP to ADP (+)

7.7 SUMMARY

Not Supported
Not Supported
Supported

Not Supported
Not Supported
Supported
Supported

Not Supported
Supported

Not Supported
Not Supported
Supported

Not Supported
Supported

Not Supported
Not Supported

Not Supported
Not Supported

This chapter presented the results of the quantitative analysis of the nation-wide
survey conducted among Australian livestock farms exploring their behaviour toward

using RFID for animal identification and farm-management applications. The survey

and thus the analysis was conducted among two different sets of respondents. The first

set of respondents consisted of ‘yet-to-be adopters’ who revealed their intention and
associated factors adopting RFID technology. The other set confirmed their adoption

factors as well as expressed their intention and relevant factors for using RFID in

extended application than merely for animal identification. For analysing the adoption
factors particularly for a voluntary initiative, the first set consisted data from 135

usable respondents. The second set of survey used 220 respondents who are mostly
mandated by Australian law.
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Data analysis using component-based PLS technique has been adopted for this study. In
particular, PLS-Graph was used. PLS technique has been considered because of the

nature of data (reflective as well as formative items), smaller sample-size, and the

nature of the study (exploratory study). For each set of data (adopters and nonadopters), two stages of data analyses were performed: assessment of the

measurement model and assessment of structural model. In assessing the structural

model convergent validity and discriminant validity were performed. Convergent

validity was achieved examining item loadings of the reflective indicators, weights of
the formative indicators, and multi-collinearity tests especially for the formative items.
Reflective items having item loading less than 0.5 were discarded. Moreover, composite

reliability and AVE (average variance extracted) were tested. Discriminant validity was
achieved through (i) examining the square root if AVE to the inter-construct

correlations, and (ii) developing and analysing item-loading matrix. To assess the

structural model, (i) R2 (amount of variance explained) value for each predicted
variables, (ii) path coefficient (β), and (iii) significance of t-values were examined. The

data analysis found the 64.3% of the variables in ‘non-adopters’ model were
significantly explained by the RFID adoption model. Similarly, the ‘RFID adoption and

extension model’ explained 43.7 percent of the variance in RFID extension and 56.9

percent of RFID adoption.

Based on the results from measurement model and structural model, the hypotheses

which were developed in Chapter 6 were tested and evaluated. The implications of
these results and outcomes will be discussed in Chapter 9.
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CHAPTER 8
DECISION SUPPORT SYSTEM FOR RFID EXTENSION PLAN

8.1 INTRODUCTION
This chapter answers “so what” question of this current research. Recently, a growing

number of academia, government research agencies, and industrial practitioners raise
question about the practical contribution of academic researches and ask that how the
outcomes of a research can contribute to the broader society. Responding to such

questions, it is observed that, in recent times there is an increasing inspiration in
Australia

for

commercialising

the

research

outcomes

(Zhao

2004).

Here,

commercialisation does not necessarily mean that a research has to earn money.
Rather, commercialisation means “the dissemination by various means of the outcomes

of research and the commercial exploitation of the results of such research” (cited in
Zhao 2004) than merely a residing idly as dissertations in university-libraries.

Paying respect to other researches (e.g., Bhattacherjee 2001a), this research argues

that to achieve the ultimate success of an innovation continued and extended use is
necessary. As in the case of RFID there are various applications that can be embraced

by the livestock farms. However, selecting the best option is a complex and complicated

task. This chapter assists in this regard. Based on the findings of the qualitative and
quantitative data-analyses in chapter 7 this chapter develops a decision support model

which assists livestock farmers to evaluate alternative extension-applications. The

prototype system does have the potential to be used by individual farms achieving
sustainability in their livestock farming.

8.2 SUSTAINABILITY IN AGRICULTURE
The World Commission on Environment and Development (WCED) defines ‘sustainable

development’ as one which meets the needs of the present without compromising the

ability of future generations to meet their own needs. Sustainability plays a role at

different levels: individual/family, farm/household, community/village, region, nation,
etc. (WCED 1987). This research assumes that a sustainability decision at farm level

assists regional or national sustainability. Hence, this research empathises that
decisions are to make at farm level; by the farm and for the farm, taking assistance from
computer programs.
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Sustainable agriculture is a philosophy and practice that relies on human goals and

activities which is responsible for the long-term impact those activities on the

environment and on other species (Karami and Mansoorabadi 2008). Allahyari (2008)

labelled sustainable agriculture as a ‘managerial philosophy’. In recent times,

sustainable agriculture is given importance to meet environmental, economic and

social complications (Allahyari 2008). It seems that sustainable agriculture is more

than a shift in farming practices rather it focuses on raising consciousness (Seepersad

1994). World Bank (2005) believes that knowledge and related information, skills,

technologies and attitudes will play a key role in the sustainable agriculture.
Consequently, sustainable agriculture system is more considered as an information-

intensive system (Ingram 2008). For example, in order for farmers that practice
sustainable agriculture to be successful in managing their farmlands, there must be a

continuous network of information, new technologies and innovations that are
available to them. Therefore, in the current era of ‘digital age’ generating and
disseminating information and subsequently using the information is vital for achieving
sustainability.

Many western countries initiated livestock sustainability programs. In Europe

Livestock Production Systems (LPS) changed substantially during the last five decades
by incorporating new knowledge and technology. As the result of incorporating

enhanced knowledge and technology, agricultural systems were able to improve

production quantity and quality significantly. However, the optimisation in livestock

production systems is yet to achieve. Moreover, the currently common way of

managing livestock has also proved to be vulnerable to outbreaks of infectious
diseases, like the classical swine fever outbreak in the Netherlands in 1997 (Napel et al.

2011). Finally, for many farms, it is observed that Radio Frequency Identification

(RFID) technology does not increase productivity or market share. The overall market

share of Australian meat is decreasing instead of having the world’s most sophisticated
animal-tracing system. This has fuelled the demand for more sustainable RFID strategy
that provides the farmer with productivity increase.

In this case, the dissemination of the potentials of RFID technology and using

the information for agricultural sustainability is important. Moreover, the extension of
RFID applications can play a crucial role on shifting toward sustainable agriculture

(Allahyari 2008). Scholars posit that agricultural extension, as a source of information,
plays an important role for the achievement of sustainable forms of agriculture. Thus,
the role of extension is very important to support sustainable agriculture (Karami

212

1995; Toness 2001; World-Bank 2005; Ahmadvand and E. 2007). The objective of the

study, therefore, is to identify the ‘best’ alternatives of RFID extension applications to
support sustainable livestock business: answering the question: what extension

project(s) is/are appropriate to achieve sustainable livestock business and hence

sustainable agriculture in Australia?

However, Zhen and Routray (2003) claimed that sustainable agriculture systems are

situation-specific systems. Thus, in order to support them, extension systems should be

situation-specific, too (Qamar 2002). The meaning of situation-specific is that

sustainable agriculture systems should be based on the available assets (van Loon et al.
2005), and requirements. This research considers this approach while developing the
decision support system.

8.3 A

DECISION

SUPPORT

SYSTEM

(DSS)

FOR

RFID-EXTENSION

APPLICATION
“Decision support is an approach to modelling used to evaluate alternatives and to
arrive at decision. This approach recognises that the owner of the problem is

responsible for decision, and that modelling is used to assist with computation.”
(Gillard and Monypenny 1988: 1). DSS falls in the area of Information systems (IS)

discipline that fundamentally focuses on supporting and improving managerial

decision. DSS is, however, different from simulation programs (often used in
agricultural research) (Gillard and Monypenny 1988). Unlike simulation models, DSS

does not attempt to model the detail of the biological system, rather to model the
inputs, the outputs and the parameters which are likely to affect which alternative is

implemented. DSS includes personal decision support systems, group decision systems,
executive information systems, online analytical processing systems, data warehousing,
and business intelligence (Arnott and Pervan 2005). Irrespective of the areas of

allocation the role of DSS is to support decision-activities that are semi-structured or

unstructured. It is important to note that DSS is a “philosophy” of information systems
development and practice, not a technology.

8.3.1 DSS in Agriculture and Livestock Sector

An increasing number of researches have been observed on developing agricultural
decision support systems. Among many for example, Welch et al. (2002) developed a

DSS for soybean farms which provides real time weather data, production-specific data
and outputs. From hypothetical data Gillard and Monypenny (1988) presented a

decision support model for Australian beef cattle industry. The proposed model intends
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to help the beef farmers who wish to embark on a programme of development.

Similarly, Donnelly, Freer et al. (2002) discussed about the GRAZPLAN which assists
grazier farmers to improve profitability and environmental sustainability of grazier
enterprises. Kerr et al. (1999a, b) and Kerr and Winklhofer (2006) developed

knowledge-based DSS for dairy farms in Australia. Mainland (1994) proposed a DSS
model for dairy farmers and advisors taking account of the practical circumstances of
the farm business. Using object oriented data structure Lal et al. (1992) developed

FARMSYS: a decision support system for the management of farm machineries. Bennett
(1992) presented a DSS based on a case study of the livestock farm concerning the
choice of appropriate livestock disease control strategy against the Mad Cow. Tedeschi

et al. (2004) proposed a DSS to improve individual cattle management process. The
model can predict cattle’s characteristics including average daily gain, carcass weight.

The direct use of DSS by the Australian farms, rather than their advisors, is

relatively rare (Donnelly, Freer et al. 2002). The current research intends to develop a

(prototype) DSS which is to be used by the individual farm (taking farm-specific

opinions as inputs). This system is designed to help livestock farmers in Australia to
make strategic plan regarding their extension of RFID use. The DSS can be run by
livestock agents and/or extension officers too as a consultation package for farmers.

The system is based on a combination of expert opinion and statistical evidence from a
survey. From the quantitative data analysis (Chapter 7), a number of significant factors
have been taken as the ‘operational criteria’ while a number of ‘alternatives’ have been
explored from case studies and farm representatives.
8.3.2 DSS for RFID Extension

It is generally accepted that farmers attempt to identify opportunities for expanding
their economic outlook, thereby increasing individual farm profitability (Jain, Tim et al.

1995). RFID has been introduced and later been made mandatory (for cattle) by the

Australian government. Hence, it is logical to assume that (with a few exemptions in
Western Australia and Northern Territory) all farms have been using RFID technology,
at least to identify their cattle. As the initial investment has already been made by each

farm it is imperative to find innovative applications of RFID which ensures quick and
positive return on investment (ROI) and increases farm efficiency. Such an integrated

policy would enhance the sustainability of the farm through RFID use, because RFID

has the potential to increase farm efficiency (by reducing human labour, quickening
farm operations, and reducing human-errors), animal traceability, market confidence,

target marketing and so on. In Iowa, a task force composed of agricultural and business
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leaders argued that expansion and intensification of livestock production are needed to

maintain and enhance economic development goals (Jain, Tim et al. 1995); and RFID

does help in this regard. Kaasschieter, Jong et al. (1992) demonstrated that, however,

all livestock-development-projects do not lead to farm-sustainability especially when

they are not based on understanding of livestock systems. Moreover, setting wrong

priority has a tremendously negative role in achieving sustainability (Kaasschieter,
Jong et al. 1992).

However, choosing a “best” option from a set of “alternatives” is not straight-forward,

rather, it involves multiple decision-criteria and decision-objectives. In order to assist
decision-makers, although various modelling approaches can be used, this research

adopted a well-known and easy to understand (both for the developer and the
decision-making unit) modelling technique which is called Analytical Hierarchy Process

(AHP). AHP was proposed by Saaty (Saaty 1994). AHP is based on the theory of

hierarchical decision making. To assist the decision makers the AHP has been
translated into a machine (computer) application-program named as “Expert Choice”.

The current research models the Australian livestock farms’ extension-problem in the

AHP-way and solves the problem using Expert Choice.

The decision model developed in this chapter identifies the issues: Given a farm
introduced RFID technology,

(a) What are the components that identify sustainability at livestock farms and
what are the components of each sustainability issue?

(b) How the perceptions of RFID systems and the experience from using an

RFID system can be integrated in a single frame in order to decide the
extension plan?

(c) What extension projects of RFID technology are important and what are
their priorities?

8.3.3 Decision Making Process Architecture
This research first develops a conceptual process model based on the Simon framework

(Simon 1977) which identifies four different phases in decision processing –

intelligence, design, choice, and review. The initial analysis of the intended model

supports that Simon’s decision-making process model is compatible with the current

model. Figure 8.1 shows the conceptual model of the RFID extension (RFID-Ex)

decision-making process with specific activities contained within each decision-making

phase, mapped together with the RFID-Ex process steps.
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Decision Making Process
Intelligence

• Collect data both from survey analysis
• Collect data from experts

Design

• Analyse data collected
• Formulate the AHP model
• Customise the model

Planning process
Step 1

Determine current situation

Step 2

Develop goal(s)

Step 3

Identify criteria

Step 4

Identify sub-criteria

Choice

• Solve AHP model
• Test solution robustness

Review

• Evaluate solution from multiple
aspects
• Integrate solutions

Step 5

Identify alternatives

Step 6

Develop an initial actionsystem

Step 7

(Re)evaluate & revise the plan

Adapt solution for implementation

Figure 8.1: The decision making process used in developing the DSS
According to Simon (Simon 1977) the ‘intelligence’ phase involves searching and

collecting information from relevant environment for condition calling for decision. At
this phase, the general problem (or opportunity) has been detected, without that much

detail, which is going to be solved by the DSS. To generalise the problem it is prescribed
to engage agents and use comments from agents, and, if possible, generalise problems

directly from the intended user of the DSS (Gao, Wang et al. 2007). This research,
however, collects data from a quantitative survey and appreciates advice from livestock
experts obtained from a field study.

In the ‘design’ phase, an initial model has been developed. The design phase involves

analyses of the data collected from the intelligence phase. Goa et al. (2007) emphasised

that it is important, in this phase, to assemble the information in order to establish an

individual farm’s future strategies, policies, goals, and plans. It is also important to
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include individual farm’s risk-attitude, time frames, attitude toward RFID technology,

and investment plans (Gao, Wang et al. 2007). This is the phase to translate the ‘goal’
into ‘plans’. For a universal model different policies could be included which might not
be suitable for a specific farm. However, running the model for individual farm ensures
the farm-specific criteria and thus overcomes the general plans.

In the ‘choice’ phase the initial model is examined whether it produces acceptable

results; it is what most people think of as making a decision. Choosing the ‘best’
alternative (or a combination of alternatives) is the most intellectually difficult part of

the decision-making process (Forman and Selly 2001). AHP helps people to identify the
‘best’ alternative or combination of alternatives. Many computer-packages are available

to run a process model. This research used Expert Choice (version 11.5).

The ‘review’ phase assesses the solution made from the previous phase. The factors

important for practical implementation of the decision generated needs to be
examined.

8.4 A

MODEL

OF

SUSTAINABLE

DEVELOPMENT

THROUGH

RFID

EXTENSION
There is some agreement in literature on the concept of sustainable development.

Literature concentrates on various issues of sustainable development and planning, but
“lacks in prescribing an easy to use, yet rigorous, and flexible methodology” (Quaddus

and Siddique 2001). However, there is an agreement that sustainable development
planning can be viewed as the process of decision making (Milne 1996; Kelly 1998;
McDaniels 1994) where decision-making is at the core of all managerial functions

(Forman and Selly 2001). However, the decision making does not have a universal

concept or approach; rather, the approach is conceived in a situation in question. It is a

process of choosing among alternative courses of action in order to attain goals and

objectives. Although various modelling approaches can be adopted (Minns 1994) for
sustainable planning, this research takes a simple, widely successful, and with strong
theoretical and methodological ground modelling approach based on the theory of
hierarchical decision making process as proposed by Saaty (1980) and popularly
known as ‘‘AHP’’ (Analytical Hierarchy Process).

Analytic means separating of any material or abstract entity into its constituent

elements (Forman and Selly 2001, p.13). A hierarchy is a structure of ‘‘objectives

(criteria)’’ that comprises different levels whose detail increases from top to bottom.
The first level of the hierarchy always describes the overall ‘‘purpose’’ of the problem,

217

and is usually perceived in a very abstract form. As we move down the hierarchy, we

try to define the immediate upper level in more meaningful and tangible terms. The
bottommost level of the hierarchy contains the actions, which, if taken, will improve the

overall objective of the first level. AHP attempts to find the priority weights of the

elements at the bottommost level by doing pairwise comparisons. It is assumed that in
order to achieve the overall objective, the courses of action of the bottommost level
must be followed with the priority weights (Saaty 1980, 2005). However, AHP focuses

on the achievement of objectives; rather than alternatives, criteria or attributes (Forman

and Selly 2001, p.12). Finally, process is a series of actions, changes, or functions that

bring about an end or result. Hence, AHP is a process that helps decision-makers to find

the ‘best’ answer.
8.4.1 AHP

AHP allows decision-makers to model a complex problem in a hierarchical structure
showing the relationships of the goal, objectives (criteria), sub-objectives, and

alternatives (see Figure 8.2). Uncertainties and other influencing factors are also

considered and included in an AHP. Modelling with a hierarchy or tree is not a new
concept. However, the AHP as proposed by Saaty (1980) has some unique modelling

features that deserve attention. Via weighting and synthesizing of different levels, AHP

provides the best solution as perceived by the decision makers. AHP enables decisionmakers to derive ratio scales priorities or weights as opposed to arbitrarily assigning

them. Hence, AHP allows incorporating objective and subjective considerations in the
decision process (Forman, the analytical hierarchy process as a decision support

system). Moreover, it is believed that AHP is a compensatory decision methodology
because alternatives that are efficient with respect to one or more objectives can

compensate by their performance with respect to other objectives (Forman and Selly

2001). It is noted that AHP does not optimize, it provides ‘‘satisfactory’’ solutions. AHP

has two distinct phases to analyse a hierarchy: weighting and synthesizing.
Goal

Objectives

Subobjectives

Alternatives

Figure 8.2 Decision Hierarchy
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8.4.2 Weighting in AHP
The weighting scheme in the AHP works as follows. Suppose we wish to compare a set

of ‘n’ objects, denoted by A1, A2, . . ., An, according to their relative weights. Assuming
that their respective priority weights are known, we can construct a ratio matrix
A=(Wi/Wj) as follows,

where: a numerical value of Wj/Wi = a, means that the weight of the jth object is

‘‘a’’ times more than that of the ith object. Since the Wis are all positive, the A matrix
will have positive entries that satisfy the reciprocal property that aij=1/aji. If we wanted
to find the vector of weights, [w1, w2, w3, ...wn] given these ratios, we can take the matrix
product of the matrix A with the vector w to obtain.

A

* w=nw

If we knew A, but not w, we could solve the above for w. The problem of solving for a

nonzero solution to this set of equations is very common in engineering and physics

and is known as an eigen-value problem:

Aw=λw

i.e., (A- λ)W=0
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It is noted that each column of A is a constant multiple of w. Thus, w can be found by

normalizing any column of A. It is noted that we have started with the assumption that
known and the W’s were known. However, in reality, the W’s are not known, therefore,
they need to be estimated. To develop the ratio matrix ‘A’, we need to compare the ‘n’

objects in all possible pairs. Saaty (1980, 2005) uses a nine-point scale and has done

extensive studies. For full description of the scale and its properties, see Saaty (1980,

2005). To obtain the ratio weight estimates for any pair of Ai (row object) and Aj
(column object), the decision maker is asked the following question: When Ai is

compared with Aj, how much more strongly does it have the property in question?

From the responses to all possible pairs of Ai and Aj, the A matrix is developed.

Once the A matrix is known, the respective weights (W’s) for each objective can be

found by merely solving Eq. (1). Solving Eq. (1) is similar to finding the eigenvector,

denoted as V, of the A matrix with respect to the eigen value ‘n’. This eigenvector V

provides the weight vector W.

It is noted that getting answers to the above question could be difficult sometimes,

which requires cardinal ratio comparisons of the objects from the decision makers.

However, many processes are available to help the decision makers to provide the
cardinal measurements, which will be discussed in the context of an application in
Section 8.5.

8.4.2 Synthesizing in AHP

In the weighting scheme above, the priority weights of the elements in a single level can

be found with respect to each element in the immediate upper level (see Figure 8.2).

However, synthesizing of the hierarchy is needed to find the composite priority weights
of the bottommost level. This is done in the following fashion.

(i) Start from the 2nd highest level. Construct a ‘pairwise comparison matrix’ of the
impact of each element of this level with respect to the overall purpose at Level 1.

There will be n(n-1)/2 comparisons if there are n elements at Level 2. Find the priority

weights for the elements of the

2nd level by solving Eq. (1), i.e., find the eigenvector of the pairwise comparison matrix.

(ii) Go to the next level (say jth level); find the weights as in Step (i) for the elements
with respect to each element of the immediate higher level, i.e., ( j-1)th level. Develop
the jth level ‘priority matrix’ of weights.
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(iii) Post-multiply the jth priority matrix by the (j-1)th priority weight vector. This will

give the ‘composite’ priority weights of the jth level elements.

(iv) Repeat Steps (ii) and (iii) until the bottommost level is reached.

In this current application, this research used a Decision Support System (DSS) based

on AHP, which is widely known as ‘‘Expert Choice’’ (Expert Choice 1995). It is noted
that the weighting and synthesising scheme are handled by the Expert Choice software.
In synthesizing, all the pairwise comparisons are to be done by the user. The rest will

be handled by the DSS software. Expert Choice is extremely user-friendly software with
excellent graphic facilities.

8.4.3 Details of the Process

AHP uses a measurement methodology to establish priorities among the elements
within each level or stratum of the hierarchy. This is accomplished by asking the

decision maker to evaluate each set of elements in a pairwise fashion with respect to
their parent element in the adjacent higher stratum. This measurement methodology
provides the framework for data collection and analysis and constitutes the heart of the

analytic hierarchy process (AHP). The degree of importance of the elements at a
particular level over those in the succeeding level is measured by the paired

comparisons. To ensure meaningful comparisons the elements are placed in
homogenous groups of a few elements in each to ensure consistency, with a pivot

elements from one group to the next. Each paired comparison made by a decision
maker providing the judgements requires estimating how many times more one
element has the property than the other element. The judgements are expressed

verbally as ‘equal’, ‘moderate’, ‘strong’, ‘very strong’, and ‘extreme’. With these

judgements are associated the absolute numbers (how many times more): 1, 3, 5, 7, 9.
The numbers 2, 4, 6, 8 are used for compromise between the verbal judgments. In

addition, reciprocals are used to represent the inverse comparison. This scale is used to
compare any homogenous set. When the elements are not homogenous, a pivot

element is used to link one cluster to an adjacent cluster. Table 8.1 shows the weighting
scales used in AHP.
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Table 8.1 The fundamental scale for AHP; adapted from Forman and Selly (2001)
Intensity of

Definition

Explanation

1

Equal importance of both elements

Two

3

Moderate importance of one over

Experience

importance on an
absolute scale

5

another

Essential or strong importance

activities

contribute

equally to the objective
and

judgment

and

judgment

strongly favour one activity
over another
Experience

strongly favour one activity
over another

7

Very strong importance

An

activity

is

strongly

favoured and its dominance
demonstrated in practice

9

Extreme importance

The evidence favouring one
activity over another is of the
highest

2, 4, 6, 8

possible

affirmation

order

of

When compromise is needed
between two judgments

Reciprocals

If activity i has one of the above numbers assigned to it when compared

Rational

Ratios arising from the scale

with activity j then j has the reciprocal value when compared with i

If consistency were to be
forced

by

obtaining

n

numerical values to span the
matrix

8.5 SPECIFICATION OF THE MODELS
The decision support system described in this research was used to find out a best
extension-application (or a combination of applications) of RFID technology in a

livestock farm in Australia. This example assumes that the farm already have
implemented RFID for technology for animal identification purpose. The selection of
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suitable applications is a complex process. The decision-maker must be able to judge

the priorities having a clear understanding of the farm’s resources and business

objectives and policies. Traditional application-selection techniques consider only the
available resources. However, resource is important but cannot be relied on solely
because an application might be more important though it might not use the current

available resources. Therefore, the optimisation of resources and priorities is the main
concern of this research.

It is safe to assume that most, if not all, of the cattle farms in Australia have been using
RFID technology. The basic and minimal application is the identification of animals.
However, RFID could also be used in other applications which enable the farms toward

an automatic system. But the problem is which extension project is to choose from the

available alternatives. Hence, components of extension system compose the internal
part of the current AHP model. These components are as similar as the traditional

components of extension systems. Priority must be given to livestock systems which

make the largest contribution to farm gain and possibly for national gain too

(Kaasschieter, Jong et al. 1992). Recently, local policy-makers and environmentactivists in some countries raised their voice on the possible detrimental effects of

livestock production on global warming, water pollution, soil erosion, biodiversity and
public health (van Veen 1999). Their arguments made the livestock-researchers to

review their systems (de Haan et al. 1997). The reviewers addressed a broader

assessment of overall efficiency and modern technologies. RFID extension program

could add a dimension on this extensive program.

For simplicity four applications (alternatives) have been considered. The applications

are automatic weighing (WEIGH), automatic drafting (DRAFT), automatic feeding

(FEED), and genetics record (GEN) (for detail see Chapter 2). Automatic weighing is a

common and useful application in livestock farms. For example, an animal seeks certain

care when it reaches to a certain weight. Weighing individual animal with the weighing
machine, record the number, and take the decision based on the weight is a laborious

and time-consuming job. Instead, the automatic weighing machine records each

animal’s weight automatically (when the animal walks through the weighing machine)
and generated signal (e.g., produce ‘beep’) if an action is required to take. Irrespective

of size and nature of farm automatic weighing is a common activity. Automatic drafting
offers a tremendous opportunity to farms to sort automatically in a defined manner.
For instance, if a certain groups of cattle are to be drafted out, traditionally the cattle

were mastered and identified and drafted relying on eye-sight which necessarily
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involves tremendous efforts and labour-time. By means of automatic drafting, based on

criteria, each gate opens automatically considering whether that particular animal

satisfies the criteria. Automatic drafting offers a great saving in effort and time and also
reduces errors. Automatic feeding is a technique that supplies food to the animal

depending on certain criteria (e.g., weight, age). Finally, genetics record system

generates an automatic report consisting the birth history, vaccination history,
performance of predecessor and so on which otherwise involve a tremendous time to

generate such a report. Genetic improvement of livestock depends upon access to

genetic variation and effective selection methods. Genetic diversity is the key to the
selection and breeding of animals for adaptability and production in a range of

environments. Loss of genetic variation will limit the capacity to respond to changes in
production caused by economic, environmental and social pressure (FAO 1989.).

Two separate but related models have been developed in this study. The alternatives

are the same in both models. The first model (Sustainability Model) intends to optimise
farm decision in order to achieve sustainable development in livestock business by

using RFID technology. On the contrary, perception is the basis of the second model
(The Perception Model). The Perception Model is actually what the farm perceives and
experiences from using the current system and is a logical extension of the existing
system. Hence, the Sustainability Model reflects strategic decision whereas the

Perception Model is the operational model; the decision in both cases is the extension
of RFID application. The combination of both models reflects the overall extensiondecision of a farm.

The hierarchy was created for each model. The hierarchy descend from the more

general criteria in the second level to secondary sub-criteria in third level, and on to the

alternatives at the bottom level. The next step is the elicitation of pairwise comparison
judgment. Arrange the elements in the second level into a matrix elicit judgments from

people who have to solve the problem taking their relative importance of the elements
with respect to the overall goal. The question to ask when comparing two criteria are of

the following kind: of the two criteria being compared, which is considered more
important by the farm extending RFID application with respect to the overall goal of

sustainability development at farm? For example, to achieve economic sustainability
which one is considered more important – profit or return on investment?
8.5.1 The Sustainability Model

The Sustainability Model depicts that sustainability development in livestock sector can

be achieved by achieving economic, social, environmental, and political sustainability.
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Figure 8.3 presents an integrated hierarchical model of sustainable development

planning through RFID extension. The overall objective of this model is ‘‘sustainable

development’’ (Figure 8.3). This overall objective is then defined in more tangible
objectives as ‘‘economic’’, ‘‘social’’ and ‘‘environmental’’, which are three primary

dimensions of sustainable development (Kelly 1998; Milne 1996). It is noted that
integration of these three objectives is of prime importance in planning for sustainable

development (Milne 1996). The “political sustainability” is included as a new
dimension considering the livestock business of Australia. Political sustainability here

implies using RFID system as a political (marketing) tool of Australian livestock and
livestock products. The factors from each criterion (objectives) serve as the sub-criteria
(sub-objectives), (see Level 3 in Figure 8.3). The sub-objectives have been taken from

the field study and the literature especially from Australian Agricultural researches (for
example, Nath and Islam 2011). Economic factors are: customer and consumer loyalty

and thus high prices and high profit (PROFIT), increase rate of return on RFID
investments (ROI), reduce labour and associated operational costs and thus increased

efficiency (EFFCNCY). Social factors include responding to the increased awareness of

the consumers about meat traceability and food safety (MTQUAL), social responsibility
to ensure food safety (MTSFTY), and maintaining customer and consumer loyalty
(CUSLYLTY). Environmental factors are: reduce the affect of a disease outbreak

(TRACE), maintaining a system that ensures that the food and the environment is safe
(FDSFTY), maintaining habitat with historical and genetic data (HABITAT). Finally,
farmers in Australia have been underlining the important influences of political forces

on livestock marketing and promotion; RFID can certainty contribute in this regard.

Many famers reported that although having the world’s best animal-tracing system the
export market of Australian livestock and livestock-products is declining. They accused

that the Australian government and its agencies (mainly the Meat and Livestock
Australia (MLA)) have failed to secure market by marketing and political movement. To

support the political bargaining RFID could offer the market with confidence
(MKTCFDNC) that it has been nurturing world’s current requirement (traceability) as
well as can offer more (data and details). Moreover, the inclusion of the extended RFID-

application would offer the expansion of more market and/or access to new markets
(MKTEXP). In domestic market, the extended system would offer the livestock

organisations to bargain with the local markets too and thus assist as a tool for political
sustainability.
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Figure 8.3: The Sustainability Model with RFID extension
It must be highlighted that specifying the model of Figure 8.3 is flexible to include

additional sub-objectives under any objective by taking expert opinion, their
experience, and researches. Also, other competitive alternatives can also be included

while any of the existing (alternative) can be discarder, depending on the situation of
the farm. Applying a holistic approach this current model has been developed after

having a number of discussions with farms, agricultural researchers, and academic
practitioners.

8.5.1.1 Calibration of the model
After the model has been developed the next stage is to calibrate the model. Model

calibration involves weighing and synthesising the model following the AHP methods.
As mentioned earlier, AHP requires pairwise comparisons to assess the priorities of

different levels (Saaty 1980, 2005). The process starts with the pairwise comparison of

Level 2 objectives with respect to the overall objective of Level 1 (goal). It then
continues to the next level until it reaches the bottom-most level (alternative). The

assessment is normally done by asking questions to the decision-maker. In this

research the pairwise comparison was made by the researcher taking the inputs from a
farm-manager. In each stage of the comparison-process the farm-owner was asked the

question and the feedback was translated into an input in the Expert Choice. For

example, to find the priority weight of automatic weighing (WEIGH) alternative with
respect to the profit (PROFIT) the following question was asked: between WEIGH and

DRAFT which one would assist you to get more profit and what would be the proportion?

A nine-point scale is normally used to obtain the cardinal ratio measurements of the
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above question (as discussed in Table 8.1). Expert Choice permits pairwise comparison

including numerical comparison, verbal comparison, and graphical representation. In
this research the graphical comparison has been used.
8.5.1.2 Results and Analysis of Sustainability Model

After completing the pairwise comparisons the following results have been obtained. It
is found that (Figure 8.4) in the Sustainability Model ‘Automatic Weighing’ is the most

preferable extension of RFID which is followed by ‘automatic genetics’, ‘automatic
feeding’, and ‘automatic drafting’.

Figure 8.4: The AHP Sustainability Model with objectives and alternatives
The performance sensitivity (Figure 8.5) shows the relative importance for each

alternative with respect to each objective as the intersection of the alternatives curve
with the vertical line for each objective. The overall alternative preferences are shown

at right. As with all AHP priorities, these priorities are ratio scale priorities.
Additionally, Table 8.2 presents the priorities of all alternatives with respect to each
covering objectives. In Table 8.2, for instance, to attract ‘market confidence’ the

decision-maker believes that ‘genetics’ should get the highest priority followed by
‘weighing’. From Figure 8.5 it is found that ‘automatic weighing’ is best overall followed

by ‘genetics’. If however, ‘economic sustainability’ were to become more important,
then the ‘automatic genetics’ might become the preferable alternative.
........................................................................................
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Table 8.2: Evaluation of each alternative with respect to each covering objectives
Alternatives
WEIGH
DRAFT
FEED
GEN

Total

ROI

Profit

Efficiency

Meat

Meat

Customer

qual

safety

loyalty

Traceability

Food

Habitat

safety

Market

Market

confidence

expansion

.910

1

1

1

1

.951

.84

.475

.691

.882

.95

1

.802

.753

.814

.869

.768

.819

.855

.493

.718

.91

.908

.861

.790
.880

.8

.577

.923
.890

.967
.63

.507
.766

.779
1

.684
1

.81
1

.869
1

.82
1

.697
1

.762
.977
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Figure 8.5: Performance sensitivity of Sustainability Model
Table 8.3 is the representation of the performance sensitivity graph. If, for example,

economic sustainability is the main concern then ‘automatic weighing’ has the highest

priority. Similarly, ‘genetics’ is of the highest priority when the objective is to attain
environmental, social, and political sustainability. However, though ‘genetics’ got the

most priority in three objectives the overall performance of ‘weighing’ outcasted the
‘genetics’.

Table 8.3: Performance sensitivity of the Sustainability Model
WEIGH

DRAFT

FEED

GEN

Economic

.294

Social

.278

.263

.238

.205

Environmental

.203

.266

.21

.321

Political

.273

.198
.204

.245
.247

.278
.276

Figure 8.6 shows a gradient sensitivity analysis of the results with respect to the
importance of the ‘economic sustainability’ objective. The graph shows that the

current weight for ‘drafting’ is a little less than 0.35 (see vertical solid red line). The
height of the intersection of this dashed line with the alternative lines shows the
alternatives’ priorities. Figure 8.6 shows that, at this level and beyond, the ‘automatic

weighing’ is the preferred extension project for achieving economic sustainability.

However, if this priority weight goes below the current level, then the priorities of the

alternatives change. For example, at 0.2 priority weight the ‘automatic genetics’

becomes the preferred choice followed by ‘automatic weighing’. Similarly, three other
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gradient sensitivity curves can be drawn and interpreted in the similar manner.

Therefore, it is found that ‘genetics’ is more preferred alternative to achieve social,
environmental, and political sustainability. However, with respect to the overall
objective ‘weighing’ is the most preferred one (see Figure 8.6).

Figure 8.6: Gradient Sensitivity Analysis for the sustainability objective
8.5.2 The Perception Model
In the Perception Model (Figure 8.8), the criteria are technological factors,

organisational factors, and past experience of using RFID. These criteria have been

considered from the quantitative analysis in Chapter 7. The perception model
considers only the significant factors from the quantitative analysis; for example, lack

of standards has not been considered here as it was found as insignificant in the
quantitative analysis. Hence, perceived complexity (CPX), perceived compatibility

(CPT), perceived trialability (TRL), and perceived cost (CST) are considered as the

technological factors. Similarly, organisational resource (RSC) and organisational
management-attitude (MGNT) are considered as the organisational factors. Finally,

satisfaction (STF) and confirmation (CFM) of using RFID technology in past are

considered as the ‘past experience’ factors. Chapter 3 discusses the criteria and subcriteria in more detail.

Hence, the Perception Model describes that RFID extension plan is dependent on
technological factors, organisational factors, and past experience from using RFID. The
alternatives still remain the same: automatic weighing, automatic drafting, automatic
feeding, and the automatic record of genetics.
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Choosing the best extension-application for farm-management

Goal

Objectives

Subobjectives

Organisation

Technology

Compl
exity

Comp
atibility

Trialab
ility

Cost

Resou
rce

Manag
ement

Experience

Confir
mation

Satisfa
ction

.......................................................................................................

Alternatives

Automatic
Weighing
(WEIGH)

Automatic
Drafting
(DRAFT)

Automatic
Feeding
(FEED)

Automatic
Genetic
Records (GEN)

Figure 8.8: The Perception Model
8.5.2.1 Results and Analysis of the Perception Model
After completing the pairwise comparison it is observed that ‘automatic weighing’ has
got the most priority followed by ‘automatic drafting’, ‘automatic feeding’, and

‘automatic genetics’ (see Figure 8.9). ‘Automatic weighing’ has received the most

priority in every context (technology, organisation, and experience) (See Table 8.4,

Table 8.5, and Figure 8.9). Previous experience from RFID use, for example, confirms

that if a single extension project needs to be chosen, ‘automatic weighing’ would the

best one. Similarly, from technological perspective ‘automatic weighing’ would the

first application which the farm can choose as its RFID-extension. However, if a second

choice is to be made ‘automatic drafting’ would be the alternative. More detail of the
results are presented in Figure 8.9 and Table 8.4 and Table 8.5.

Figure 8.9: The Perception Model with the results
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Table 8.4: Evaluation of each alternative with respect to each covering objectives
Alternatives

Total

CPX

CPT

TRL

CST

RSC

MGNT

STF

CFM

WEIGH

1

1

1

1

1

1

1

1

1

.733

.671

.621

.617

.532

.673

.864

.729

.829

DRAFT
FEED
GEN

.822
.752

.765
.541

.76

.741

.707
.397

.685
.634

.804
.75

Table 8.5: Performance sensitivity of the Perception Model
TECH
ORG
EXPRNC

.909
.996

.83

.698

WEIGH

DRAFT

FEED

GEN

.342

.248

.205

.204

.3

.254

.233

.213

.281

.244

.222

.864
.721

.253

From the gradient sensitivity analysis (Figure 8.10) it is shown that the current weight
for ‘weighing’ is around 0.265 (see vertical solid red line); at this level and beyond, the

‘automatic weighing’ is the preferred extension project with regard to technological

perspective. Here, the priorities of the alternatives remain unchanged even if this

priority weight goes below the current level which means that at any level of priority
weight ‘automatic weighing’ is the preferable option considered from the technological
perspective (see Figure 8.10).

Figure 8.10: Gradient Sensitivity Analysis of the Perception Model
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8.6 SUMMARY
This paper described a Decision Support System (DSS) for planning RFID extension in

livestock management applications which would assist farms achieving sustainability.

The DSS, which uses Analytical Hierarchical Process (AHP), can improve decisionmaking when several criteria are involved and a number of alternative are to be
evaluated. When applied to the Australian farms, the DSS shows great promise as an

efficient tool for addressing some of the business issues as well as dilemma situations
associated with livestock business and operation. Compared to traditional techniques,

the DSS enables disproportionate allocation of weights, which gives the decisionmaker added flexibility to assess the relative importance of a criterion. It also provides

an interactive framework and user-friendly modelling environment that the decision-

maker can use to incorporate constraints into the extension-selection process and to

compare the attractiveness of several competing alternative.
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CHAPTER 9
DISCUSSION AND IMPLICATIONS

9.1 INTRODUCTION
This chapter presents and discusses the findings obtained from the survey that was
conducted to examine the adoption, continued and extended use of RFID technology in

Australian livestock industry (Chapter 7) and the developed (prototype) Decision
Support System (DSS) (Chapter 8). This chapter is structured as follows. The next

section describes the adoption factors from both non-adopters and adopters sample as

referred to Figure 7.1 and Figure 7.2 respectively. This is followed by a discussion of

the findings from the continuance and extension factors. The next section compares

the model developed from this research with other relevant models. In the next

section, the findings of the DSS are discussed. Before concluding this chapter presents
a general prescription of RFID adoption-diffusion.

9.2 ADOPTION FACTORS

External environmental factors
Hypothesis H1a (External pressure to adoption): The findings of this study showed
that, in both mandatory and voluntary environment, there is significant statistical
evidence to support a positive relationship between external pressure and RFID
adoption. This is supported by literature (Shih et al. 2008; Lin and Ho 2009a, b;

Schmitt and Michahelles 2009; Wen et al. 2009). From Brown and Bakhru’s (2007)

study the impressive adoption rate of 44 percent among the manufacturing companies
(mandated by Wal-Mart) compared to the 8 percent in retail companies (voluntary
adopters) proves that external pressure plays a very significant role for RFID adoption.

In a mandatory setting when organisations experience pressure from the external

environment they have no choice but to adopt the technology. On the other hand, in a

voluntary environment, RFID adoption takes place when organisations find that such

adoption preserves their competitive position and/or increase the competitive
advantage, for example.

This finding is supported by practice as well. External pressure, particularly the

government pressure, is appreciated by the USA Congress. Inspired by the Australia’s
success story the House Committee on Agriculture of USA is convinced to exercise
more pressure and make the NAIS (National Animal Identification System) mandatory.
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In Australia, government mandate plays an important role for RFID adoption in cattle.

The similar pressure from the external markets also has quickened the adoption
process. Therefore, the strong influence of external pressure is intuitive and significant

in cattle identification. Conversely, until September 2011, automatic identification,
except cattle, is not mandatory in Australia. Therefore, the result implies that the non-

adopters also considered the external pressure as an important factor for RFID

adoption is significant and interesting. To recall, in the questionnaire, the external

pressure consisted indicators from government pressure, market pressure, mimetic

pressure, and normative pressure. Thus it would be safe to say that the non-adopters
found pressure from one or more sources (market, consumer, and so on) other than
government. This finding is completely compatible with the findings of the field study;

increasingly, sheep farmers perceive competitive pressure and mimetic pressure using
RFID technology.

The positive influence of external pressure on RFID adoption implies that external

pressure is required for the livestock industry if an extensive adoption of RFID is the
objective. It is evident that RFID technology ensures a better traceability system which

consequently promises the meat quality and reduced food-hazards. However, the

pressure can be exercised by the government and/or by the market. As the growing
demand of the meat consumers to have a reliable source-of-origin of livestock

products the demand needs to be converted into pressure which would increase RFID
adoption among the livestock farms.

Hypothesis H1b (External support to adoption): External support is not supported in
either model which is somewhat contradictory to the existing literature. However,

most of the studies on external support dealt with the effect of external support on

individual’s adoption behaviour do` not guarantee that it would be the same in

organisational setting as well. Theoretically, people intend to adopt an innovation if
they receive external supports in the form of incentives, for example, which may also

true for organisational adoption decisions. However, RFID adoption is considered as a
long-term strategic plan which ideally should not be relied on one-off incentives as a
form of price-deduction or tax-exemption.

However, this result is supported by practice; the continuous support from USA
government (e.g., cost exemptions, incentives) could not influence RFID adoption in
livestock industry (Swedberg 2007b). This means that price deduction or cost

exemption does not influence their RFID adoption. However, external support in the
form of infrastructural support is important which is not a serious issue in the
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Australian context because the government had to provide the infrastructural support

to the farmers as the farmers are mandated to upload animal information in the
central NLIS database. Thus, the infrastructural support is not considered as an issue

for RFID adoption. Finally, external support in the form of counselling or

troubleshooting is not important in Australia because of trusting adopters’ selfcapability and self-efficacy observed from the past RFID use (in cattle).

Though the external support is not supported to have a positive influence on RFID

adoption its power and contribution should not be undermined. Particularly in

Australia the livestock farmers (specifically the cattle farmers) have been enjoying
timely and regular support from the external sources, especially from the government.
Regarding the support a more proactive and aggressive approach from the vendors, by

demonstrating RFID projects and providing technical support, would inspire farmers

embracing more RFID applications and services. Moreover, a positive approach from

the farming associations toward RFID technology and thus educating the farmers is
invaluable. The associations need to understand that RFID is a must in current
livestock business. Australia obviously cannot consume its even half of the livestock
products. Hence, exporting livestock and livestock-products is a non-negotiable

business strategy. To secure Australia’s export in the international market nothing but

RFID technology is the only reliable means of traceability system recognised by the
export market. Therefore, farmers of Australia have to have RFID technology in place

whether they like it or not. In this case the livestock associations can discover a better
implementation and maintenance strategy for animal traceability, if they suspect any.

Until then they need to support the current system and send the message to the
farmers in favour of RFID technology.

Hypothesis H1c (External uncertainty to adoption): This study presumed that

external uncertainty would decrease RFID adoption. However, the quantitative
analysis found that external uncertainty does not have an influence to deter the

farmers to adopt RFID, both in adopters as well as non-adopters model. This is

supported by literature (Schmitt and Michahelles 2009; Lin and Ho 2009b). The field

study also supports this finding: the livestock producers are almost certain that “the
demand for RFID data will be there for distant future”.

In a mandatory environment the non-significant influence of external uncertainty on
innovation adoption is intuitive. Regardless of the degree and consequence of external

uncertainty farms need to admit the coercion in order to remain in the business. The
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existence of external uncertainty, if there is any, may slow the adoption process but
after reaching the deadline of “compliance” the role of uncertainty disappears.

On the contrary, the role of external uncertainty is expected to be visible in a voluntary

environment, if there is any. In the context of current research it is found that the

external uncertainty does not either impact the adoption decision of the voluntary

farms. A plausible explanation about this finding is that the farmers do not admit that
external uncertainty could be a factor that needs to be considered during taking the

adoption decision. The market of RFID is increasingly getting bigger and bigger.

Moreover, consumers are becoming concerned about the origin, and quality of food.

Hence, the use of RFID in food supply chain is quite guaranteed and is increasingly
getting bigger and deeper. Nonetheless, RFID is clearly ahead of other competitive
technologies (e.g., DNA). The invention and commercialisation of a better technology
certainty would take quite a reasonable time to make RFID superior to other
technologies. Therefore, the respondents of this research obliterate the presence of
external uncertainty on their adoption-decision process.

This finding implies that there is no visible or predicted uncertainty for RFID
technology in livestock business. This ensures the farms that RFID use is secured in

terms of current and future market-needs. Contrary to other business systems
including Electronic Data Interchange (EDI) RFID is a combination of technology and

business information systems. The technological basis of RFID technology is very
strong which is even getting to be more sound (through miniature, read range, reading
speed, reading capability of objects containing liquid or metal etc.). It is very unlikely
that a revolutionary discovery would come tomorrow and replace RFID technology.

Rather, technologists are more interested to make RFID more ‘smart’ and efficient.
Therefore, it is safe to derive that, with respect to external uncertainty, livestock farms
may invest on RFID projects for livestock management operations.

Organisational factors

Regarding the organisational factors, interestingly, RFID adoption is more dependent

on management-related factors than the organisational resources, which is consistent
with other similar studies (Lin and Ho 2009; Schmitt and Michahelles 2009; Tsai et al.

2010). This finding support that an organisation with tremendous resources but not
innovative, for example, may not adopt RFID technology whereas a firm with limited

resource and positive mindset may adopt RFID technology. In a mandatory
environment all firms need to adopt RFID (unless they quit the business) regardless of

their resources; however, a farm with positive management-attitude or innovativeness
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could be an early adopter. Contrarily, voluntary adopters could adjust their resources

if they are enthusiastic enough to adopt RFID, but have to have the positive attitude
toward RFID. Therefore, the findings of this current research are meaningful and
evocative.

Hypothesis H2a and H2b (Resource on adoption and continuance): This study found
that, both in adopters and non-adopters model, organisational resources have no

influence on RFID adoption. Brown and Russell (2007) and LaTour and Peat (1979)
also did not find the significance of resource on RFID adoption.

Among the

organisational variables Schmitt and Michahelles (2009) found that organisational

size, technical expertise, and resistance of the employees do not influence RFID

adoption. Another dimension of organisational factors, in this study, was the
‘knowledge-base’. Tellkamp et al. (2006) found that organisational knowledge about
RFID technology does not have an impact on the expected implementation time of an

RFID system. From the PLS analysis, the only item that had low loading was the
physical proximity. It was supported by the field study that argued that distance from

the nearest city (and so on) becomes less important with the ever-spreading nature of

Internet. Hence, this study established that organisational resources do not have

significant influence on RFID Adoption. A similar finding was observed when studying
the role of organisational resources on RFID continuance intention (H2b). Actually,

checking the influence of resources on continuance is redundant. It is logical that the
farms that already possess the resources necessary for RFID use do not require

additional resources for RFID continuance.

The findings of the organisational resources on RFID adoption and continuance are not
unexpected. For a basic adoption RFID does not require huge resources. Some of the

integration-mechanisms also do not demand huge resources. Furthermore, the

required associated RFID-hardware including RFID reader, automatic weighing
machine can be hired (not renting) from Australian government-agencies. Therefore,

RFID adoption and continuance do not depend on farm resources, as found from this
study. However, this finding does not, by any means, neglect the influence of
organisational resources on RFID adoption. This study implies that the availability of

resources is the fundamental prerequisite for RFID adoption which does not always
ensures that the more the resources are there will be quicker or large-scale adoption
of RFID. Moreover, the livestock farms should realise that RFID implementation does
not require expensive investments; however, the expensive tools can be borrowed

from the government agency if required. This study therefore advocates that
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government’s (livestock) agencies should keep continue and enhance the policy to

lend RFID components to the farms so that they can realise the real benefits of RFID
technology.

Hypothesis H2c (Management factors on adoption): The results of this study suggest
that RFID adoption depends on organisations’ management-related factors. This is
supported by both adopters and non-adopters. Other studies also found that the

intention to adopt RFID is much more dependent on management attitude (Lin and Ho
2009; Schmitt and Michahelles 2009; Tsai et al. 2010).

It is an important finding which supports that resources are complimentary but

organisational attitude is more important for RFID adoption. (The abundance of) farm
resources do not guarantee RFID adoption. A farm with massive resources but lacking

of ‘innovativeness’, for example, can be a non-adopter whereas a small farm with

positive management-attitude can be an adopter. Actually, when RFID adoptiondecision

is

voluntary,

the

decision

is

a

management-decision,

not

a

technical/technological/financial decision. The management first needs to understand
RFID capability and get convinced and then can decide the adoption-timing and
adoption-breadth depending on the available and acquirable resources. Hence, the

organisations need to realise their role on the development of a ‘complete’ visibility in
the livestock supply chain and prepare their resources accordingly.

Hypothesis H2d (Management factors on continuance): It is found that, the adopters

believe farms’ management-related factors as important for RFID continuance. As the
adopters already have adopted RFID technology it is an implicit assumption that they
do possess the required resources. Hence, the continuance intention is logically

dependent on their attitude, not the resources. In a mandatory adoption process the

continuance is mandatory; however, the intention is important for the uninterrupted
mechanism of “complete” animal-traceability, the ultimate objective of such a system.

If the management do not want to support the traceability program they may interrupt

the traceability by not uploading the information of cattle movement in a prescribed
time and, hence, can sabotage the whole national system.

Many farmers “look after” the RFID system believing that RFID works as “insurance”

during a disease outbreak; pay the costs now which may return or may not return; but if

it returns the savings is huge. Therefore, continuance intention of an RFID system, once

again, is a management decision which depends on factors including risk attitude,
future orientation, and contemporariness of the farm/firm.
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The implication of finding the influence of management-related factors on RFID
adoption and continuance intention is significant. The management should educate
themselves regarding the opportunities that an RFID system could offer.

After

exploring the ins-and-outs of such opportunities and barriers they may decide RFID’s
future. But the ignorance or avoidance on RFID issues is detrimental for the current

and future livestock-business. In short, the management should realise RFID, try it out,
implement it, and continue and extend its usage depending on the available and

acquirable resources. Without the management’s positiveness RFID is impossible to be

tested and lasted because the adoption decision is a management-decision, not a
technical/technological/financial decision.
Technological factors

In general, technological factors do not get strong support from the current study.
Compatiability is the only technological factor that is considered as important for RFID

adoption, in a mandatory adoption-situation. In a mandatory environment this finding

is not suprising as organisations need to comply with the requirement and therefore

do not consider other such isues but compatibility with current business. On the
contrary, trialability and cost are the prime technoligical-concerns of the voluntary
adopters. The voluntary prospective-adopters want to trial RFID technology and get

convinced if RFID systems can be implemented in an increment fashion; while RFID
costs are one of the main concerns. In a voluntary setting this is empricially proven by

literature that perceived complexity and lack of standards would deter the

organisations to adopt RFID. In this current study it can be interpreted that the

voluntary farms do not conider these issues as important for their decision; rather,
they might emphasize on other issues such as expected benefits and so on. Moreover,
as they have not adopted yet they might not aware of these issues.

Hypothesis H3a (Complexity on adoption): It is found that perceived complexity

related to RFID technology does not affect farms’ RFID-adoption decision, in both

models. Schmitt and Michahelles (2009) too did not find a negative relationship
between complexity and RFID adoption. The result is not surprising. Like the
EPCglobal members in Schmitt and Michahelles’s (2009) study the farmers in

Australia do not perceive the RFID technology as too complex to implement and use.

This is an important finding because the earlier RFID adoption studies often stated
that adopters perceive RFID as very complex and hard to understand.

Another possible explanation of the non-significant effect of complexity on RFID

adoption is: it is generally agreed that small-scale and closed-loop adoption of RFID
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systems are easier to implement. On the adoption stage this study did not examine the

‘breadth’ and integration of RFID. A closer look at these factors might reveal that many

of the RFID-applications are simply the groups of stand-alone proprietary systems
with little or no integration. Hence, adopting an RFID system is not a complex issue. If

possible, the complexity issue be observed by the ‘mere-adopters’ and ‘integrated
adopters’ would provide a better picture (Chau and Tam 1997). However, the result of
this study provides an overall perception on RFID complexity.

RFID in livestock applications is not perceived as a complex technology which inspires

the livestock farms who did not try it yet that the complexity of RFID is a myth. In
reality the RFID use is not that complicated or complex. The implementation and usage
of RFID in livestock application is less complex compared to that in a retail shop, for

example. Therefore, the yet-to-be adopters may try RFID at their farms without having
a prejudice on complexity.

Hypothesis H3b (Compatibility on adoption): The result of this study indicates that
the adopter-farms perceived significantly higher compatibility of RFID technology

than the non-adopter counterparts. In other words, compatibility is a concern in a

mandatory environment which might not be true in a voluntary setting. Moreover,

compatibility is the only technological factor which is considered as important in a

mandatory setting. The positive influence of compatibility is supported by Schmitt and

Michahelles (2009). It seems very important that the implementation of an RFID
system does not require unwanted changes of the existing infrastructure, practice, and

needs. Tonsor and Schroeder’s study (2006), therefore, recommended for a flexible
and compatible animal traceability system in USA.

The explanation of accepting compatibility in a mandatory environment is that when
the adoption is mandatory the prospective adopters only considers whether the
technology is compatible with their current infrastructure, practice, and culture.

Alternatively, the deploying agency should emphasize on the compatibility issue than
any other issues when they plan for such a mandate.

An explanation of rejecting compatibility by the voluntary (yet-to-be) adopters can be
that, from the past observation/experience of RFID on cattle identification the farmers

perceive that RFID is already compatible with their farming practices. This also

implies that compatibility does not guarantee RFID adoption; though RFID is
compatible farms do not adopt RFID because of some other relevant factors, for
example the “need”.
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The findings have meaningful implications. This is a message to the government
agency that when a system is to make compulsory it should offer the compatibility

characteristic. If the system is not compatible with current practice and infrastructure
it might be rejected by the prospective adopters. Similarly, the message for the non-

adopters is that RFID systems are perceived as compatible with livestock farming
practices, infrastructure, and market requirement. Hence, they should not worry much
about RFID’s compatibility issue.

Hypothesis H3c (Trialability on adoption): Trialability is confirmed by the voluntary
adopters and is rejected by the mandatory adopters.

It is logical that the voluntary farms intend to adopt RFID in a sequential manner, not
in a ‘complete-integration’ in a single stage. Other than animal identification there is

no common prescription for RFID use. The use of RFID in farms depends on the
requirements, resources, and future plans and thus varies from farm to farm. Along
with livestock applications innovative adopters may use RFID for asset management,

for example, purpose too. These types of applications and thus the integration is not
necessarily a “one-off” process, rather is a continuous process. Therefore, the

trialability is important. However, in a mandatory environment, the farms need to
apply RFID for the mandated purpose regardless of the capability of trying RFID in a
divisible way. Hence, the mandatory adopters do not find trialability as an issue at all

for RFID adoption.

The implication of this finding is more to the RFID-manufacturers. RFID systems

should be developed in such a way that the applications can be tested in an increment
fashion and the testing is reversible. Moreover, new components and/or features

should be able to be included in the integrated system. For example, a component to

record the body temperature should be able to be included in an automatic weighing
recording system. The concept of “plug and play” of RFID components is emerging and
will be essential for its long time sustainability.

Hypothesis H3d (Cost on adoption): Cost is supported by the non-adopters and is
rejected by the adopters. This is a very interesting, valuable, and justified finding.

The non-adopters perceive that RFID is an expensive system and thus the rate of RFID
adoption among the sheep farmers (as a voluntary choice) is very low. This research

finds that though the decrease on RFID tags price (O'Connor 2005), an RFID system is

still perceived as an expensive system which does have a negative impact on its

adoption. It can be interpreted that along with RFID tags the prospective adopters
also consider other costs of RFID implementation and maintenance. The significant
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influence of cost in RFID adoption is well-supported by (Brown and Russell 2007; Shih
et al. 2008; Schmitt and Michahelles 2009).

In contrast, this study finds that RFID costs do not have an influence on RFID adoption
when RFID is mandatory to use. This findings is supported by literature that argue that

though the initial researchers predicted that RFID costs, especially the cost of RFID

tags would increase RFID adoption significantly was proved as wrong; “while tag
prices are dropping and standards are in place (e.g., EPC and ISO) the adoption [of
RFID] still remains low” (Schmitt and Michahelles 2009, p.7). Other studies too found

that RFID-tag cost is increasingly ‘disappearing or at least getting lower’ (O'Connor

2005) and the recent development of non-silicon-based (polymer based) chip-less

RFID tags could bring tag price down below one cent (RFID-Journal 2005) but does not

ensure a “quick progression” of RFID.

In both models the respondents urge for sharing the costs of RFID among every

stakeholders of the food supply chain (the value of item loading is 0.8246 in nonadopters and 0.6059 in adopters model) which is supported by Whang (2010).

The implication of the influence of RFID cost on RFID adoption is as follows. Livestock

farmers believe that they are the only party along the supply chain who pay the costs
of RFID. The Australian government should investigate the issues and develop a

proportional cost-sharing policy of RFID costs among the livestock supply chain

partners. This research also advocates that technologists are obsessed with RFID tag
costs. Although tag cost is significant and representative, the costs of the components
used in an RFID system needs to be taken care of which includes RFID reader,

weighing machine, temperature control unit, etc. Mere reduction of tag cost does not
guarantee RFID adoption which is already proven. Therefore, an integrated approach

regarding RFID costs would be feasible.

Hypothesis H3e (Lack of standards on adoption): It is found from this study that

perceived lack of standards related to RFID technology does not affect farms’ adotion
decision.

The livestock producers do not think that the RFID-standard is a significant issue

which could affect their adoption decision. The findings of this study are supported by
literature. The past researchers predicted that RFID standards would increase RFID
adoption significantly which did not happen (Schmitt and Michahelles 2009, p. 7).
Therefore it is suggested that RFID standards are not that important as they are
thought.

243

Australian livestock producers produce livestock and livestock products both for

domestic and international markets. RFID standards should not be an issue in
domestic market because Australian farms, feedlots, and abattoirs speak in a common

language; more or less. However, in the international markets the issue of RFID
standards does not come as ‘critical’ yet. Most of the markets require only the

traceability information. These markets, normally, do not scan the individual RFID
tags. For live animals a ‘stock number’ is assigned to a flock of animals and every
animal’s individual ID is stored in the stock ID. At any food-safety issue the market
asks Australia to supply the history of the animals, quoting the stock number.

Similarly, exported livestock products are not attached with every animal’s RFID
number. Instead, generally, a two-dimensional barcode is attached with the livestock
products. The barcodes represent a stock number. A database stores the RFID number

and all associated barcode numbers. The importers get animal data requesting
Australia. This operational system does not permit yet a global system where the RFID
tag could be interrogated by any member of the supply chain in anywhere in the
world, and access the animal information without that much bureaucratic processes.
Hence, within the current system, the Australian producers do not get any trouble

whatsoever regarding standards. However, Japan and Korea are going for an extended
system which requires detail information about the animal. This enhanced

requirement may reveal the standardisation problem. In short, currently, Australian

livestock farms do not find that the lack of global RFID standards hinder their
adoption-decision.

The implication of the findings related to technological characteristics is as follows. It
is intuitive that organisations adopt an innovation when they perceive that the

innovation is compatible, for instance, with their existing organisational practice,
culture, and requirements. Similarly, it is evident from other studies that the perceived

complexity of RFID technology deters organisations to adopt RFID. The implication of

this finding is important for the RFID manufacturers, architects, and vendors. As seen
in last couple of years the lower cost of RFID tags has increased the adoption rate of

RFID technology in a substantial manner. The increased trend of adoption can be
enhanced if the technological characteristics of RFID technology can be made

favourable to the organisations; for example, a global standard of RFID components
and data-sharing architecture would increase RFID adoption in a significant rate.
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Expectation
In general, the results of this study establish the influence of expectation on adoption
and continuance behaviour.

Hypothesis H4a (Expectation to adoption): The results of this study find that the
expectation from RFID technology influences RFID adoption in a voluntary
environment, not in a mandatory environment. Brown et al. (2002) found that

perceived usefulness is more important in a voluntary setting, not in a mandatory
environment. In a mandatory environment the individual users are more concerned

about the compatibility issues, as found in this current study. Also Schmitt and
Michahelles (2009) also could not find a relationship between perceived benefits and

RFID adoption.

In a mandatory environment the adopters’ expectations do not influence the adoption
decision because they do not possess the ‘luxury’ to expect but to follow the rules. The

rejection of this hypothesis by the adopters was one of the significant findings of this
study. This finding is in line with the findings of other scholarly researches (Sharma,

Thomas et al. 2008; Schmitt and Michahelles 2009) that found that perceived benefits
of RFID technology do not have influence on its adoption. Moreover, some researches

investigating innovation-adoption support a similar relationship for ‘perceived
relative advantage’ (Grover 1993; Chau and Tam 1997; Wang, Wang et al. 2010). The

meta-analysis study of Tornatzky and Klein (1982) also found that not all studies
reported that relative advantage of an innovation was absolutely significantly relevant
to its adoption.

The farmers who already have adopted RFID technology do not seems to expect
benefits from the use of RFID technology, at least at the present time. This means that
they adopted RFID because of the demand of their customers or the government

mandate or seeing as an effective tool. Another reasonable explanation is that - many

of these adopters may not have an integrated RFID-system in their farming activities
and as a result do not expect any reportable benefits from it. For the traceability

reason they rather may follow a ‘slap and ship’ approach; just attaching a tag to

comply with the mandate.

In contrast, the voluntary farms adopt RFID technology when they convince
themselves that RFID could address their expectations. The more they expect from an

RFID system the more positive they are to adopt RFID. The farmers intend to adopt
RFID once they realise some expected benefits using this technology. This finding was

also supported by the field study. It is confirmed by the field study that the farms with
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less information and thus with less expectations were the laggards. Nevertheless,

reducing operational cost, animal theft, and increasing traceability are supported by
other RFID-studies (Shih et al. 2008; Müller-Seitz et al. 2009).

The findings offer noteworthy implications. In a voluntary adoption-environment the

features of RFID system over the traditional systems need to be publicised among the
prospective adopters. For demonstration purpose the applications can be broadcasted
so that these are easily understood by the farms. This responsibility can be taken by

the government as well as by the RFID vendors, manufacturers, and advocates. On the
other hand, in a mandatory environment, the proper dissemination of the usefulness
of the mandatory system aids a better acceptance by the intended users of the system.

People intend to see the ultimate benefits of adopting a system even when it is
mandatory. A clear demonstration of system-useful is imperative in this regard.

Hypothesis H4b (Expectation on confirmation): This study establishes a positive
relationship between expectation and confirmation. Scholars found that raising
expectations may enhance consumer ratings of product performance (Anderson 1973;

Yi 1990). Yi (1990) demonstrated that the effects of expectations on consumer
satisfaction seem to be more complicated than for perceived product performance.

While raising expectations about a product may enhance perceived product

performance, it may also increase the magnitude of confirmation. Thus, raising
consumer expectations may yield both an increase (due to the increase in perceived

product performance) and a decrease in consumer satisfaction (due to the increase in
disconfirmation).

Hypothesis H4c (Expectation on satisfaction): It is found from this study that
organisation’s expectation from RFID technology positively influences farm’s

satisfaction status. In other words, the farms who expect (rationally) from an RFID

system are more satisfied than the farms that do not have any expectations from it.

Marketing studies also found the same relationship; consumer satisfaction is found to
be affected by expectations (Bearden and Teel 1983; Oliver and Linda 1981;

Westbrook and Reilly 1983). Moreover, the Information Systems (IS) studies establish
a similar relationship for IS continuance (Yen and Lu 2008; Hong, Thong et al. 2006;

Limayem and Cheung 2008). In the context of current research it can be interpreted

that the satisfied farms do possess at least a basic understanding about RFID

technology and develop their expectations which influences their satisfaction
behaviour. On the contrary, the farms that do not develop their understanding about

RFID systems either do not expect anything or expect irrationally from the system and
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ultimately are the dissatisfied farms. Hence, the role of expectation on satisfaction
behaviour is re-established once again.

Hypothesis H5 (Adoption to continuance): This study confirms that adoption is the

antecedent construct of confirmation. After adopting the RFID technology, the
adopters evaluate their adoption decision; whether they are getting the things which

they expect during pre and post-adoption. If they find a mismatch, they intend to

either discontinue its use or seek expert advice to restructure their expectation and
usage.

As scholars argue, adoption cannot be the final dependent variable of the mandatory

adoption of an innovation (or a system). Rather, the consequence of the adoption is
much more realistic to study in a mandatory situation. Hence, this study establishes
that ‘confirmation’ is the next stage to adoption of RFID; the immediate consequence
of adoption.

9.3 CONTINUANCE AND EXTENSION FACTORS
Hypothesis H6a (Confirmation on satisfaction): This study found that confirmation
plays the most significant role in the expectation-satisfaction process; the more the

expectations are confirmed the more satisfied the adopters are and the more they

intend to continue RFID use. This is well-supported by marketing and information
system literature which denote that adopter’s confirmation is one of the key

determinants of satisfaction (McKinney et al. 2002; Khalifa and Liu 2003; Yen and Lu
2008; Oliver 1980a).

This research establishes a primary and direct effect of confirmation on satisfaction.

Indirectly, this study finds that the adopters’ expectations in Australia are confirmed

by using RFID application(s), satisfied with current system, and thus intend to
continue RFID use. In a mandatory environment, confirmation is very important

because it drives the farms for continued use of a system. Therefore, in the later stage
of adoption the imposing body needs to assess whether the mandatory system is on
the track to fulfil the expectations. In case of any mismatch they need to revisit the
system and take necessary actions.

Hypothesis H6b (Confirmation on continuance): This study finds that confirmation is
the next-immediate stage of RFID adoption-continuance process. After adopting the
RFID technology, the adopters evaluate their adoption decision. Any mismatch

between expectation and performance makes the adopters to either discontinue its
use or seek expert advice. In a mandatory environment, the adopters do not have any
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choice but to continue RFID use though still they decide the level of RFID use and thus

rely on their confirmation status. RFID use primarily is dependent on satisfaction from

current use which is derived through the confirmation process; the satisfied adopters
are more likely to implement RFID in innovative applications. On the contrary the
unsatisfied farms intend to discontinue (though they cannot because of the mandate)

and do not apply RFID technology in non-mandatory applications. This study finds that

disconfirmation plays the most significant role in satisfaction process; the more the
expectations are confirmed the more satisfied the adopters are and the more they

intend to continue RFID use. This argument is also postulated by UTAUT model
(Venkatesh, Morris et al. 2003).

Hypothesis H7 (Satisfaction on continuance): In a mandatory environment the
adopters do not have any choice but to continue RFID use though still they are allowed

to feel satisfied or not. The satisfied adopters are more likely to adopt RFID in other
applications- the more important issue than the mere adoption. It is proved from this
study that satisfaction is the main criteria in a mandatory environment for the
continuance decision.

There is an enormous support and consensus supporting the role of satisfaction on
continuance (Yi 1990; Khalifa and Liu 2003; Sørebø and Eikebrokk 2008; Müller-Seitz

et al. 2009). It is logical and intuitive that satisfied users intend for continued use of an
IS; in fact an opposite relationship is impractical.

It is important for the agency/imposing-body to evaluate the satisfaction status of the

adopters. As the success (and failure) of the system is completely dependent on the

adopters’ use, the agency/imposing-body needs to conceive policies so that the

adopters gain a reasonable, if not the full, satisfaction from using the system;
otherwise, sabotage is not unlikely. And, the satisfaction is to be evaluated at a

continuous interval. A system might be satisfactory in ‘year 1’ but become
unsatisfactory in ‘year 2’ and the law of ‘diminishing marginal utility’ may also play a
role.

Hypothesis H8 (Self-efficacy on continuance): This study could not establish the role

of self-efficacy to continuance intention of RFID technology. The rejection of this

hypothesis once again proved the high influence of confirmation-satisfaction in the
continuance process. It can be explained that, to intend to continue RFID use, the
adopters do not depend on internal or external variables other than satisfaction from

current use because they already have been using RFID technology; their satisfaction
judgement is much more important in the continuance decisions.
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However, the role of self-efficacy should not be overlooked at all. The sense of self-

efficacy makes the adopters to feel comfortable with a system. So far, Australian
farmers are confident of using RFID system especially because of the ‘field day’

(hands-on demonstration days by the government agency) and the user manuals. This

underscores the importance of the continuation of the field days and counselling

services. Moreover, with the help of ‘knowledge-based information system’ a website

that answers implementation, troubleshooting, and maintenance issues of RFID

systems would increase the level of self-efficacy among the (prospective) adopters. A
web-blogging system could also been developed, if not already developed so far, where
the adopters could share their experience and that could resolve others’ problems.

Hypothesis H9 (Continuance intention on extension): This current study opposes
other similar studies (Koh, Prybutok et al. 2010, for example) that recommend that “a
model about mandatory use should include and/or end with ‘system use’ as the

ultimate criterion variable- not the ‘intention’”. This study argues that in a truly

mandatory setting, the ‘actual use’ or ‘system use’ is constant but the ‘continuance

intention’ is variable. In this context, the usage data may provide misleading
information regarding the behaviour of the users whereas the ‘intention’ variable

predicts the actual usage behaviour of the adopters. Though such intention does not
affect the use (because of mandate) but, more importantly, influences other decisions
including the extended use of the innovation/IS which is even more important for the
success of an IS (Bhattacherjee 2001); whereas, the actual use may not influence such
decisions.

It is found from the quantitative analysis that farm’s continuance intention positively

influences the extension intention. This finding emphasises that even continuance

intention should not be the ultimate dependent variable; rather, a further investigation

about the future of the adoption is invaluable to study. By default, every farm wants to

use the most of the potentials of a system to achieve organisational efficiency. Hence,

developing the intention for using an existing RFID-system for extended applications
is logical. The current research supports that logical extension.

Hypothesis H10 (Extension intention on actual extension): This study finds that
extension intention is the precondition of actual extension. This finding is intuitive.

Previous studies found that intention is the measure of behaviour (Fishbein and Ajzen

1975, p. 288). However, every intention does not end to an actual feat, but without the
intension it is unlikely to make things happen. This finding also supports that actual

extension is the ultimate destination of adoption, and thus qualify as the dependent
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variable, especially in a research on mandatory adoption. This is the answer of the
question “why should we care about study the factors of mandatory adoption then?.”

In a mandatory adoption it is significantly important to understand the extension
behaviour because the continued use and extension determines the ultimate success of

an innovation (Bhattacherjee 2001a, b). The finding of this study reveals that for the

actual extension of an innovation the adopters need to be satisfied from current use
and intend for the extension.

Hypothesis H11 (Facilitating conditions on actual extension): This study did not find
an influence of facilitating conditions on actual extension behaviour. This is also

postulated by UTAUT model (Venkatesh, Morris et al. 2003). For the actual extension

of an innovation farms’ intension is more important than other factors. Facilitating
condition such as external support is not a deciding factor that affects the actual

extension (as usually is required in the adoption stage) because unlike the adoption

phase as firms already have been using RFID technology they enjoy the infrastructural

and other facilities. Hence, adopters’ satisfaction judgement is much more important
than any other factor to be convinced for extension of RFID technology.

The implication of this finding is as follows. Though the ‘facilitating conditions’ is not

supported to be significant for the actual RFID-extension its role should not be

ignored. Currently in Australia there are not that many case-studies on the RFID-

extension projects and the surveyed farms possibly are yet to acquire proper

knowledge and hence their answers are based on the perceptions. However, mere

‘intention’ does not confirm the ‘actual use’ rather is dependent on the availability of

resources and so on. Hence, farms need to reinvestigate on the prerequisites for an
RFID-extension project.

9.4 COMPARISON OF THE RELEVANT MODELS
The findings of this study proves the saliency of TOE framework and ECT/ECM which
also proves that these theories can be used in IS research to study the adoption,
continuance, and extended usage behaviour- with a little modifications.

This study suggests that, driven by the market and/or legislative requirements,

perceiving some relevant technological aspects farmers use their resources, and

develop and adjust their expectations during RFID adoption. Initial adoption drives
them to the next stage, confirmation, to justify whether RFID is as effective as
promised. In a mandatory adoption process, the adopters have no choice but to
continue the use of RFID but may evaluate their confirmation and satisfaction status
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which determines their future plans about RFID technology. The dissatisfied adopters
intend to discontinue RFID use, whenever possible. On the contrary, the volunteer

adopters intend to continue RFID-use only when they find that their expectations are
met and they are comfortable of using RFID. Finally, continuance intention inspires the
adopters to extend the use of RFID technology, where possible and feasible.

Thus the framework is presented in two integral parts: TOE factors → Adoption; and
Expectation → Confirmation → Satisfaction →

Continuance →

Extension. This

research uses this conceptual framework to develop the Adoption, Continuance, and
Extension Model (ACEM).

For adoption ACEM emphasizes on organisational management-related factors (e.g.,

innovativeness, positive attitude of management) than organisational resources.

Similarly, especially for RFID adoption in Australian livestock industry compatibility,
trialability, and cost of RFID technology are important for RFID-adoption.

ACEM emphasises on ‘expectations’ than the ‘perceive usefulness’ of RFID. Adoption of

RFID is a long-term strategic decision which involves extensive business process

changes and comparatively higher investment on components, infrastructure, and

people. Therefore, the adopters expect some desired outcomes rather than relying on
their perceptions. Supporting this claim, consumer behaviour literature established

that a consumer develop some expectations out of that product which influences the

customer’s intention to purchase and repurchase that product (Oliver 1980a).

Similarly, in Information System (IS) research, the continued usage intention is
dependent on the accomplishment of distinct pre-defined expectations (Khalifa and

Liu 2003). This phenomenon may be true for organisational adoption decision too,
because organisations will not accept an innovation until they realise some expected

benefits from using the innovation. Furthermore, ACEM argues that the ECM
overestimates the role of post-usage perceived usefulness in the expectation-

satisfaction-continued use process. Instead, expectation is a more appropriate
construct, which includes diverse variables including usefulness, effectiveness,

profitability, operational cost-reduction, traceability, and so on. ACEM also urges that

the pre-usage expectations should not be underestimated because these are the basis
of the expectation-confirmation-satisfaction process.

ACEM argues that satisfaction is a primary requirement for continued and

extended use of RFID technology.
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Contrary to ECT, ACEM proposes that confirmation is not dependent on

expectation. In ACEM, confirmation is not merely a “measurement step” (Hossain and
Quaddus, 2011b) but is a behavioural-stage where the adopters evaluate their

adoption decision and may intend to adjust or modify their expectations by seeking
specialised advice (Rogers 1995), for example.

ACEM adopted the ECT approach to eliminate “performance” construct from the main
model.

Finally, in contrast to TOE and similar to IDT, ACEM finds the TOE factors are

not inter-dependent rather are independent factors. For example, the external

environment, by definition, is beyond any organisational control and thus is not
dependent on organisational or technological factors (Schmitt and Michahelles 2009).

Table 9.1 compares the ACEM with other competing models.
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Table 9.1. Comparison of ACEM with competitive relevant models
Criteria
Motive

Adoption models

Explains only the intention and

Concentrates

not

not explain why the customer

behaviour toward adoption but
the

intention
Concentration

Major finding

Deals

continued

with

usage

individual

and

organisational level adoption

on

the

repurchase intention but does

purchase the product on the
first place

Explains only the individual
customers’ intention

Explores

purchase

only
and

the

post-

continuance

behaviour of IS users, ignoring

the pre-purchase motivations
to purchase the IS

Deals with individual IS user’s
behaviour

Satisfaction as well as the post-

outcome expectancy) of the

repurchase

are the determinants for IS re-

(perceived

usefulness

or

determinant

to

intend

for

Perceived usefulness is the

purchase perceived usefulness
usage intention

of

behavioural intention to adopt
strongest factor for adoption

determinant

Expectation is the basis to

Post-purchase

intention

role in system reuse intention

explain

the

repurchase

Explains

perceived

usefulness plays an important

ACEM

continuance,
behaviour

both

and

adoption,

extension

Can explain individual as well
as organisational behaviour,
deals

Satisfaction is the strongest

strongest
usefulness

only

ECM

Perceived relative advantage
innovation is considered as the

Expectation vs. perceived

ECT

mainly

organisational aspect

from

Confirmation and satisfaction,
are the salient determinants of
continued and extended use

Pre and post expectations are
the motivators for adoption
and continued use
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9.5 ANALYSIS OF THE DSS
The (prototype) DSS described in Chapter 8 intends to assist farms taking their
decision for a feasible extension of current RFID system. Both ‘sustainability model’ as

well as ‘the perception model’ reveals that ‘automatic weighing’ is the next extension-

application that the farm can go for. However, after implementing ‘automatic weighing’
the next project is still a bit confusing to be taken. It is observed that, followed by

‘automatic weighing’, ‘automatic genetics’ is preferable for achieving sustainability.

Conversely, the Perception Model suggests for the ‘automatic drafting’ which is the
least preferable option in the Sustainability Model. However, in the case of considering

two extension-applications, ‘automatic feeding’ should follow the ‘automatic weighing’.
Once again, the development of the model and the interpretation of the results are

farm-specific. Therefore, a general advice is not possible from the developed system,
which was not the objective of the DSS.

Every individual livestock-farm can use this system. The DSS takes input from each

farm, process the input, and offers the best option to be taken from a set of options. The
DSS possess the ability to adjust the results upon any changes made by the decision-

maker. Therefore, the use of this DSS is not one-off, rather it can be used for a similar

decision-making process (e.g., further extension plan) over the period with a little
adjustments made in the structure, when required.

9.6 GENERAL PRESCRIPTION

Doing business is equal to using RFID
As leaders and scholars predict “RFID is the future”; almost every business would have

RFID technology in use. In this current business world apparently no business can
disregard Internet technology but has to have it at some stage (and at varied scale).

Similarly, in the next couple years time businesses as well as individuals would use

RFID technology on one or more applications. Therefore, it is good for organisations to
better accept it as soon as the in-organisational resources permit.
Identification is first but not the ‘only’

Identifying animals is the jumpstart to realise the benefits of RFID technology. Mere

identification just adds cost. The integration is a must from the Return on Investment

(ROI) point of view. It is expected that, with an integrated RFID-system, the total cost of
recording per animal will decrease by at least 50 percent (Wismans 1994) which is

quite impossible in a ‘slap and ship’ policy. Furthermore, farms will get more profit
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from a total farm management system (including identification, monitoring, and
automation) than from identification only (Geers, Puers et al. 1997).
Size doesn’t matter

In the agricultural context Feder and Umali (1993) found that larger farms adopt a

technology and use it in every possible applications whereas smaller farms adopt the
“divisible technologies to a limited extent”. But over time, when uncertainties extinct,
the smaller farms adopt the technology more intensely. RFID systems are suitable for
any herd-size. Are you small? Doesn’t matter. Still RFID has plenty to offer.

Does mandatory adoption lead to dissatisfaction?

The findings of this research proves that mandatory use of an IS does not necessarily

lead to dissatisfaction. When a system delivers benefits the adopters forget the initial
hassle. The point is, doesn’t matter how a system is introduced, at the end of the day
people judge the performance.

Market opportunity or farm efficiency?
Market opportunity and firm’s technical efficiency are not mutually exclusive. However,

marketing opportunity is the main motivations of the adopters which is okay but they
should concentrate more in attaining firm efficiency through RFID-enabled automation

and asset management.

9.7 SUMMARY

This chapter has provided a discussion of the findings based on the PLS analysis, as
presented in Chapter 7. The interpretations of the findings have been carried out to

support the hypotheses. It is found that external pressure is important for RFID
adoption. In a mandatory environment, in particular, adoption is followed by
continuance and extension intention. Farms intend to maximise the use of a system;
however, this decision is largely dependent on current usage satisfaction. Considering

the factors found from the analysis this chapter established a model and compared with
other relevant models/theories. Finally, this chapter provides some fundamental
instruction that removes existing ‘myths’ or ‘hypes’.
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CHAPTER 10
CONCLUSIONS AND FUTURE RESEARCH DIRECTION
Companies will have no choice but to use RFID, just as they have no choice
but to use the Internet today
Mark Roberti, Editor, RFID Journal

10.1 INTRODUCTION
Conducting this research to examine adoption, diffusion, and extension of RFID
technology in Australian livestock industry Chapter 3 developed a conceptual model.
To refine the initial research-model a field study was conducted (Chapter 5). The field

study was employed to contextualise the factors and indicators in the current setting

while developing new indicators where existing literature could not assist. Based on
the findings of the field study a comprehensive research-model was developed. The

formal relationships were drawn from the model in Chapter 6. The hypotheses were

tested by the quantitative data that were obtained from an Australia-wide survey. The
results of the quantitative analysis were presented in Chapter 7. As mentioned earlier,

this study consists of two different set of samples namely adopters and non-adopters.
From the adopters-data out of 23 hypotheses 12 were accepted whereas in the non-

adopters model only five out of 11 hypotheses were accepted. Based on the findings
from qualitative and quantitative data and existing literature Chapter 8 developed a

Decision Support System (DSS) which presents a analytical hierarchy process (AHP)

identifying the most viable RFID-extension project in livestock business. Chapter 9
presented the discussion of the findings. This final chapter provides the summary and

conclusion of this research. Based on the research questions and objectives, the next
section presents a summary of the research. In addition, the research theme,
methodology, analysis, results and interpretation of this research are discussed. This

chapter also addresses how the research findings contribute to existing knowledge in
terms of methodological, theoretical and practical parts. Furthermore, the implications

of this research are also identified, followed by the limitations of the research. In the

final section, directions for future research are outlined in order to suggest potential
areas that could be valuable in the context of the area of this research.
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10.2 SUMMARY OF RESEARCH
The adoption process of RFID has recently been studied by researchers. Because of its

network-type technological characteristic, RFID adoption has been considered as a

similar process as EDI (Iacovou, Benbasat et al. 1995). Moreover, considering RFID as

an innovation, most studies applied the generic adoption diffusion theories to examine

RFID adoption process. Most applied theories dealing with RFID adoption are
technology acceptance model (Davis 1989; Davis et al. 1989), Innovation Diffusion
Theory (IDT) (Rogers 1995), and technology-organisation-environment (TOE) model
(Tornatzky and Fleischer 1990). Similarly, the studies dealing with continued use of

RFID used mainly Expectation Confirmation Model (ECM) (Bhattacherjee 2001a) and

Expectation Confirmation Theory (ECT) (Oliver 1980a). This research adapted,
integrated, and extended IDT, TOE, and ECM.

As discussed in the methodological part (described in Chapter 4), this research
employed a mixed method approach. The mixed method combines qualitative and

quantitative methods of data collection and analysis process. The qualitative phase
intended to enhance the initial model. It is not unlikely that the current subject (i.e.,

Australian livestock farmers) potentially has a different manifestation than from the

existing literature. Moreover, the adoption factors of RFID can be different from that of

an innovation. Moreover, it was important to contextualise the adoption factors in a
particular application; livestock management. Therefore, a field-study was conducted
interviewing 8 livestock farms from Western Australia (as described in Chapter 5). A

content analysis using NVivo software was performed to analyse the data. Overall, the
findings have supported the initial model. Tweaking of the initial model has been done
by the field study analysis. Thus, an integrated and comprehensive research model was
developed (Figure 5.3). Consequently, hypotheses within the model were established
(Figure 6.1).

The quantitative analysis-phase involved the development of the questionnaire for the
research survey (as described in Chapter 6), collecting respondents’ responses, and

analyse the data using Partial Least Square (PLS)-based Structured Equation Modelling

(SEM) technique (Chapter 7). Overall, findings confirm the significant constructs and
variables for RFID adoption and its continued and extended usage behaviour. Most
importantly, this research has established a behavioural framework that encompasses

a fully functional model of the RFID adoption and continuance process in livestock
farms. Furthermore, the prototype DSS has worked well in facilitating the sequential
and complex process of decision making for RFID extensions.
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10.3 CONTRIBUTIONS OF THE RESEARCH
10.3.1 Methodological Contributions
The major contribution of this research hinges on the method that has been adopted. As
opposed to most studies in the adoption area, which commonly engage in a monomethod approach, this research applied a mixed method that combines qualitative and

quantitative approaches in the data collection process. Qualitative method employed a
field study and the quantitative method used a survey as the data collection process.

The main reason for the adopted mixed method relates to the fact that RFID adoption

and its behavioural research is still in its infant stage. Recent studies on RFID adoption

are curious to find out the significant factors for its successful adoption. However, these

studies are predominantly in supply chain or logistics area exploring mainly in ‘slap

and ship’ type of adoption process. But to realise the ultimate success, RFID projects
need to be judged as a long term initiative with a high-level strategic plan. Unlike other

short-term businesses, livestock producers have been doing livestock-businesses over
the generations. Thus, their acceptance for a new technology involves much evaluation

than a logistic company, in general. Therefore, understanding and incorporating the

distinctive behavioural factors toward adoption of an innovation in livestock sector

demands some more effort than simply looking at the existing literature. To address
this issue, this research interviewed eight farmers and incorporated the explored
factors in the comprehensive research-model.

Finding the successful explanation of the RFID adopter, this research suggests that the
mixed method technique should be applied for the researches where sufficient work

has not been done yet and/or tuning the contextual factors in a particular context. This

combination of methods helps to specify the functional relationship between constructs
which additionally offers a more-adequate understanding. Furthermore, this method

provides the necessary information for fully-fledged explanatory arguments in order to
confirm or revise the existing theory, especially when the literature on the research
topic is still lacking.

10.3.2 Theoretical Contributions

There are a few major theoretical contributions that have been established in this
research.

The first and foremost theoretical contribution is examining the adoption, continuance
and extended usage behaviour of an innovation, taking RFID technology in Australian

livestock industry as the context. It is found that some organisations may adopt RFID in
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order to comply with the law or to satisfy the trading partners, but may not extend its
use if they are not satisfied from current use since the resources are affordable and the
economic judgements are convincing. This research also established that ‘confirmation’

is the next stage to ‘adoption’ which determines the justification of the adoption

decision and the adoption process. ‘Confirmation’ also bridges between ‘adoption’ and
‘continuance’ and indirectly influences the ‘extension’ behaviour.

The second theoretical contribution of this research is exploring the adoption-diffusion

factors from both voluntary as well as mandatory environments. Most of the adoption

studies implicitly concentrated into the voluntary adoption. This research finds that a
specific construct may behave differently in two different adoption processes:

mandatory and voluntary adoption. As an example from technological characteristics,

in a mandatory environment the adopters are concerned with the compatibility issue
than any others. In this case as organisations must follow the mandate they much
emphasise whether the innovation is compatible with the existing practice, culture,

business structure and so on. Hence, in a mandatory environment, factors such as

perceived complexity or lack of standardisation behave like dormant variables. On the

contrary, the compatibility is not an important issue in voluntary adoption; the
prospective adopters evaluate the trialability and divisibility or cost issues instead
because the prospective organisations can assess the technology before they adopt.

Moreover, this research studied the adoption-diffusion and continuance behaviour of

organisations; a less-studied research topic where most of the researchers are

interested in exploring individual’s nature on adoption and diffusion. Therefore, this
research is an important addition in the basket of theoretical knowledge on
organisational behaviour on adoption-diffusion and continuance.

Finally, the development of the Decision Support System (DSS), not solely from data but

scrutinizing data and factors from a qualitative and quantitative study, is a major

theoretical contribution. In other words, the results of the mixed method (i.e.,
qualitative and quantitative) that have been used as the inputs of a methodologically
sound decision making tool is an innovative usage of knowledge.
10.3.3 Practical Contributions

This study also has discovered the state-of-the-art of RFID adoption and the future
intention of the adopter in the Australian livestock industry. Not only in livestock

industry but for any organisational RFID-application to make mandatory, countries

may consider the findings of this study to plan their future strategies and policies. They

may compare their perception and/or experience with the findings of this study. For
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example, as obtained from this study, farmers are not really convinced that the beef
market has been expanded because of RFID implementation. This type of

disappointment might influence RFID adoption negatively for sheep identification.
Therefore the government needs to justify its stand and work seriously on those issues;
exploring markets, for example. Also, this study finds that the livestock producers
demand for RFID-costs be shared by every member of the supply chain, from producers

to meat-consumers. This study also argues that RFID technologists and researchers are

too obsessed with the standardization of RFID components to develop a standard form
of requested-details about the product (e.g., animal) which we call as “requirement

standardization”. Lacking of requirement standardization hinders RFID adoption as

different markets (e.g., Japan verses Middle-East) demand different details of data.
RFID adopters, here, thus face a dilemma situation. Complying with the markets which
require less detail of data does not satisfy the markets which ask extended data. On the

other hand, if the RFID adopters invest in capturing extended data, the costs are not
guaranteed from the markets that demand less data. From this research livestock farms

may learn that resources come next but organisational mindset is the main

determinant for RFID adoption. Once they realise the value of RFID and possess

positive toward it they may adjust the timing and breadth of adoption according to
their available resources. But without the positive mentality the resources do not help.

This study explored the continued and extended usage factors of RFID technology.
Government agencies as well as RFID advocates may find the results of this study and
prepare their strategy and policy accordingly. For example, it has been found that

satisfaction from current usage is a prerequisite for farms to use and extend RFID
technology. Hence, the measures of satisfaction (e.g., complete traceability) can be

looked at and taken care of. Finally, this study urges for a more-proactive approach
from the RFID vendors to communicate with the organizations and educate the
adopters with potential RFID-applications and their associated benefits.

As the results obtained by using a Decision Support System (DSS) this research

articulated the decision-making process for deciding the right extension project on the
basis of the current resources and objectives. The developed DSS does have the

potential to be commercialised and used by individual farms which would assist the
farm decision-makers to take decisions on a structured way. The DSS is flexible enough

and offers the decision-makers to tune the objectives and see relative changes in the

‘alternatives’. Thus, the developed DSS can be customised with less effort and used by
each farming organisation.
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10.3.4 Implication for Australian livestock-officials
One of the major implications of this research is its interpretation and practical
implementation by the policy makers, executives, and officials of the Australian

livestock departments (see Table 2.5). The interpretation by the federal officials can,
and ideally should, be different than the State interpretation. To remind, the
compulsory adoption of RFID in cattle identification has been made in the federal

parliament but the implementation date have left to be decided by the State
government/authorities. Consider another possibility. The federal department may

realise that the farmers should have a tax-deductable facility for RFID projects.
However, a particular State may find it differently.

Most of the respondents (in field study) were frustrated that because of RFID-based

NLIS, their market has not expanded at all; a primary expectation from the RFID
system. The farmers’ associations and the government offices, therefore, may advice

the Meat and Livestock Australia (MLA) to be more aggressive in marketing Australia’s
RFID-based NLIS and find more markets and avenues.

Australian livestock-officials must develop a balance-sheet how their previous decision

has worked out. Before making RFID mandatory for sheep and other animal
identification, the government and the authorities must explain their previous success

and motivation for further deployment. Therefore, the agencies should engage practical
measures. Clearly, the government officials, the livestock advocates, and the MLA

must take the lead in promoting the benefits of RFID in livestock and even other
asset-management applications. For the benefit and for the long term success of

RFID in Australian livestock business, it is crucial to change the perceptions of the
farmers by ‘showing them the money’ and benefits.

10.5 RESEARCH LIMITATIONS

The sample size is just acceptable but further studies should analyse the factors with
higher sample size. Schmitt and Michahelles (2009) mentioned that at least 200

completed responses are required for an SEM methodology. More importantly, the

homogenous distribution of the respondents from each Australian States was not
guaranteed in this survey. Future research would conduct the study in all Australian

states taking the number of responses on the basis of farm-population which would not

suffer from any ‘location bias’; because it is a very important to note that all Australian

states has different legislation and monitoring policies.
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Without undermining the contributions of this study it should be considered that the
practical environment within an organisation is much complex than described by the

organisation’s opinion through a survey. The results of this study are a generic picture
of the Australian livestock industry which may not reflect the factors of a particular
farm, but a collective picture of the industry.

The developed model and the interpretations are industry specific, particularly for

Australian livestock industry. The results of this study might not explain the same
problem in a different context, even the same livestock industry in a different country.

10.6 FUTURE DIRECTIONS

While a model developed for a particular industry in a particular country may not be
suitable for application in another country but provides the stepping stone for such a
study and the model. Acknowledging the findings of this research a more country-

specific model can be developed for an interested country would help generalising the
problem structure. Similarly, this model can be tested in other similar industries in
Australia.

Future research can examine the transitional stage from non-adopters to adopters. This

could include the change in perceptions and rationale for adopting an RFID system.

Moreover, how the adopters choose the level of integration and the timing of such
integration would be an interesting topic to be looked at.

The third-generation of animal identification with read/write RFID-tags would bring

the possibilities for storage of the medical history of the animal, and sensor technology

for automatic monitoring and reporting of heath system is expected to bring more

benefits to the farming. Using the model developed in this research, future studies may
investigate how the farmers intend to store more information and integrate that

information with the then current system.

Although the decision support system (DSS) described in this research is an
advancement in decision analysis for planning sustainable development in livestock

business by expanding RFID systems, the system clearly needs continued refinement.
First, application of the DSS to more complex decision-making is required to further

verify its feasibility and capability. Second, integration of other multi-criteria decisionmaking techniques into the existing system is needed to increase the applicability of the

system and extend the usefulness of decision-making.
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RFID has an enormous possibility in China because of China’s world-class position in
manufacturing. Therefore RFID would dominate to achieve efficiency in production chain, supply
chain and logistics management. Cost and lack of standards are the main challenges.

RFID do not reduce personnel but increase the customer services (e.g., by shortening waiting

time). Perceived benefits of RFID do not influence on the accumulation of organisational
knowledge, and knowledge does not insist to adopt RFID.

Proposed a research agenda. Urged the need for RFID research particularly in exploring potential
benefits of RFID technology and issues that reduce human resistance to accept RFID.

This paper explored the challenges of RFID adoption. The challenges include technology, standard,
patent, cost, infrastructure, ROI, and the challenge migrating from barcode to RFID.

External environmental factors are more important to understand RFID diffusion behaviour;
therefore, alternative research approaches rather than traditional adoption research are vital.

Pressure from competitors (competitive pressure) is not evident. However, lack of standards

hinders the adoption process. Other factors including external support, management attitude and
support, and relative advantage of RFID are significantly important.

Proposed an extensive list of agenda considering RFID adoption and associated issues.
Understanding how RFID affects technology handling, business models, and customers’ privacy
are worthy to examine.

RFID adoption improves supply chain coordination and is more effective for decentralised supply
chain.

Coercive pressure is not the most powerful external influence rather it is a subsidiary.

Organisational benefits of RFID need to circumvent RFID costs and efforts. Organisation size and
top management support are the main organisational factors for RFID adoption.

Technology push, need pull, and presence of champions are the most significant factors that
explain the likelihood of adopting RFID technology by organisations.

Individual, organisational, and environmental characteristics as well as innovation (technological)
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Adopters expect returns when RFID adoption is mandated and the adoption involves reasonable
investment. Moreover, adopters expect a delayed return on RFID investment because of lack of
RFID standards.

PU and expectation are the main antecedents of confirmation which in turn explains satisfaction.
Satisfaction influences continuance intention.

Generic adoption

Lack of RFID standards slows down its adoption. Especially in automotive industry, because of its

chain model

Technology Push
and Need-Pull
N/A
N/A

acceptance of RFID technology are the challenges.

network nature involving many organisations from many countries, a global standardisation is a
must in order to achieve RFID adoption and thus industry-wide productivity and efficiency gain.

Seven factors are affecting RFID adoption in Taiwan; these are operation efficiency, manufacturing
efficiency and supply chain efficiency, organisation context, investment cost, market environment,
and technology characteristics.

This is a classic piece of study that develops how the sharing of tag price among the supply chain
members can be used to coordinate the supply chain.

Cost is the main concern of the companies inhibiting RFID adoption. Customer pressure increases

the rate of RFID adoption in packaging industry. However, the companies that implemented RFID
are satisfied with RFID.

Organisational support, quality human resource, organisational knowledge, and organisation size

and

Ho

Quantitative

Logistic providers in China

TOE model

Lin
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Ho
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China’s logistic industry

TOE model

(2009b)

RFID adoption in open-loop industries including automotive industry.

RFID is effective in fashion retailing. However, cost, compatibility, management attitude, and staff

diffusion theories
RFID

Technological characteristics of RFID and inter-organisational factors are the main concern for

value

Lin

(2009a)

chain

characteristics are the main area of research for RFID studying RFID adoption.

positive influence RFID adoption.

Technological factors, organisational factors, and environmental factors have positive influences
on RFID adoption. However, environmental uncertainty is not important.

Technological factors (explicitness of RFID, and accumulation of related technologies),
organisational factors (encouragement for innovation, and quality human resource), and external
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environmental factors (government support but not the environmental uncertainty) have positive
Müller-Seitz et al.
(2009)

Gunasekaran
Otondo
(2009)

Individual

acceptance
products

Ngai

(2009)

Survey

et

and
al.

Conceptual
Critical

(qualitative)

analysis

of

N/A

of RFID projects

Schmitt

Survey

Organisational
RFID issues

Wen et al. (2009)

Quantitative

Manufacturing

Tsai et al. (2010)

Quantitative (survey)

Retailer chains

Wang et al. (2010)
Whang (2010)

Quantitative
Mathematical

(TAM)

Managerial problem-solving

Generic

(2009)

Acceptance Model

N/A

Case study

Michahelles

electronic

Technology

Generic

Roh et al. (2009)
and

customer’s

in China

Customers’ acceptance of RFID technology depends on: • perceived usefulness (PU) • attitude

toward data privacy • general attitude toward novel technologies • education, income, and

political attitude (not gender or age). Moreover, attention is required • to build a better
interface/interaction between RFID and employee (not only between RFID and customer) •
reducing risk perception of the customers

Realising the business value of RFID is as important as RFID costs and other technical issues.
RFID can solve organisational problems but also generate “a host of problems” among the mangers

during adoption because managers differ significantly on the basis of cognitive pattern. Moreover,
the problem-solving and sense-making of RFID projects varies significantly between post-adopters

N/A
view

on

TOE model

and prospective adopters.

Perceived benefits differ with varied scale and scope of RFID adoption. However, in general, cost
saving, supply chain visibility, and process creation are the main expected benefits from RFID.

Compatibility, costs, management support, presence of champions, and external pressure are
significant in RFID adoption. However, complexity, perceived benefits, organisational size,

technical know-how, resistance of employees, and external uncertainty has no influence in RFID
companies

Manufacturing industry
Supply chain

influences on RFID adoption.

N/A
Innovation

Diffusion Theory
(IDT)

TOE model
Game theory

adoption.

TOE as well as product characteristics have positive and “above moderate” effect on RFID
adoption in China.

Relative advantage, complexity, supply chain integration, and organisational readiness affect the
RFID adoption intention. Moreover, supply chain integration has an indirect effect on
organisational readiness.

Technological (complexity, compatibility, but relative advantage), organisational (firm size but top
management support, and technology acceptance), and environmental (competitive pressure,
trading partners pressure, and information intensity) issues are important for RFID adoption.

The incentives of RFID adoption are studied. The significance of RFID costs and cost-splitting at
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Hossain

and

Quaddus (2011a)

White, Johnson et
al. (2008)

Field study

Livestock identification and

TOE and ECT

Quantitative

Supply chain

N/A

management

organisational level are analysed with mathematical models.

TOE factors as well as self-efficacy are important for RFID adoption. Moreover, the continuance
intention of RFID is dependent on satisfaction, confirmation, and self-efficacy.

Customer mandate and organisation’s innovativeness are the main for RFID adoption and
integration.
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Appendix B: Literature analysis of ECT and ECM used in IS/IT area
Research
type

Discipline
area

Independent constructs

Dependent
construct

Mahmood et al.
(2000)

Critical
review

IT end-user
satisfaction

End-user
satisfaction

Bhattacherjee (2001)

Empirical

Online
brokerage

Perceived benefit, perceived
usefulness, ease of use,
expectation

Bhattacherjee
(2001a)

Empirical

Online
banking

Perceived usefulness,
confirmation, satisfaction

IS continuance
intention

ECT, TAM,
Agency theory

Perceived net
benefit

ECT

Established relationship between pre-implementation expectations
and perceived benefits based on post-implementation experience.
Three expectation categories including system usefulness, ease of
use, and information quality are to be managed for a successful IS
implementation.

Reference

Confirmation, satisfaction,
perceived usefulness, loyalty
incentives

Continuance
intention

Theories
used

NA
ECT, ECM

Brief finding
User involvement in system development, perceived usefulness,
user experience, organisational support, and user attitude towards
IS are most significant.

Distinguishes between users’ acceptance and continuance
behaviour and explains the factors for IS continuance and then
proposed the ECM.
Satisfaction, perceived usefulness, and interaction between
perceived usefulness and loyalty incentives are key determinants
for continuance intention. Confirmation of expectations directly
affects satisfaction and perceived usefulness.

Staples et al. (2002)

Empirical

Library IS

System usefulness, ease of use,
information quality, knowledge,
personal benefits, attitude

Au et al. (2002)

Critical
review

End user IS

Expectation, performance,
disconfirmation

Satisfaction

ECT, equity
theory, needs
theory

McKinney et al.
(2002)

Empirical

Online
shopping

Expectation, perceived
performance, disconfirmation

Satisfaction

ECT

Using Information quality and service quality concepts in the
context of Web customers’ satisfaction, proposed a model named
Expectation Disconfirmation Effects on Web-customer Satisfaction
(EDEWS).

Erevelles et al. (2003)

Empirical

ISP services

Expectation, confirmation

Consumer
satisfaction

ECM

ASPs need to evaluate prior experiences and should have a close
integration with existing IT in client organisations.

Susarla et al. (2003)

Empirical

Application
Service

Experience, disconfirmation,
expectation, perceived

Satisfaction

ECT,
Attribution,
Affective, &
Competitive
model

Suggests to redesign the procedures for users to exploit the
advantages of IS so that their needs and expectations can be
fulfilled better. Proposed an integrated conceptual model based on
equity theory and needs theories.

Low expectation does not ensure more satisfaction. Building
customer relationship is more important for ISPs to achieve more
customer satisfaction. Also provides an understanding of the
underlying processes involved in switching behaviour in case of
dissatisfaction with an ISP.
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Provider
Online
services

Khalifa & Liu (2003)

Empirical

Tesch et al. (2003)

Empirical

IS
development
projects

Hsu et al. (2004)

Empirical

WWW

Hayashi et al. (2004)

Conceptual

Database
application

Khalifa & Liu (2004)

Critical
review

Bhattacherjee &
Premkumar (2004)

Qualitative
and
empirical

Wu & Padgett (2004)

Analytical

Internet
search
engines

Lin et al (2005)

Empirical

WWW

Cheung et al. (2005)

Critical
review

IS satisfaction

Computerbased
training, rapid
application
development

Online
consumers

performance

Expectation, disconfirmation,
perceived performance, desire
disconfirmation
Expectation of skill and
perceived skill

Prior perceived confirmation,
satisfaction with prior use,
outcome expectation, selfefficacy
Perceived usefulness,
confirmation, satisfaction,
computer self-efficacy

Satisfaction at
adoption, and at
post-adoption

ECT

Satisfaction

ECT

WWW
continuance
intention

IS continuance
intention

ECM
TAM, ECM

NA 12

IT satisfaction

NA

Usefulness, attitude,
confirmation, satisfaction

Continued use
intention

ECT

Performance

Satisfaction

ECT

Perceived usefulness,
confirmation, perceived
playfulness, satisfaction
Intention, adoption

Continuance
intention
Continuance

ECT
ECT, TPB

Both expectations and desires need to be considered simultaneously
in explaining satisfaction at adoption. Also differentiate satisfaction
at adoption and at post-adoption.
Discrepancy between expectation of skill and perceived skill selfproficiency affect career satisfaction. IS manager’s perception
provides better job performance-evaluation.

Differentiates acceptance and continuance. Intention for continued
WWW use depends on users’ satisfaction with prior use, internet
self-efficacy, and outcome expectations.
There is no significant relationship among computer self-efficacy,
perceived usefulness, confirmation, and satisfaction.

Described the evolution of IS satisfaction research and emphasized
for further research to strengthen explanatory power of ECT in IS
area.

Examined both antecedent variables and outcome variables of
customer satisfaction in an electronic environment. Disagreed with
Oliver’s attribution process model and proposed as satisfaction
drives to attribution which drives to repurchase.
Developed a Direct Comparative Framework (DCF) for satisfaction
evaluation and measurement.
Includes “playfulness” and found as more important than perceived
usefulness in the context of continuance use of web site.

Argued that researchers are more concentrated on online intention
on online adoption rather than on continuance behaviour, and then
proposed a re-search framework.

12 Not applicable
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Satisfaction, perceived usability,
perceived quality, perceived
value

Chiu et al. (2005)

Empirical

Ha (2006)

Empirical

Online
services

Roca et al. (2006)

Empirical

e-learning
service

Hong et al. (2006)

Empirical

Mobile
internet

Perceived quality, confirmation,
perceived usability, subjective
norm, perceived control,
satisfaction

Thong et al. (2006)

Empirical

Mobile
internet

Perceived ease of use, perceived
enjoyment, perceived
usefulness, confirmation,
satisfaction

Empirical

Online
shopping

Empirical

Online
shopping

Liao et al. (2007)

Empirical

e-learning
services

Subjective norm, perceived
usefulness, satisfaction, PBC,
disconfirmation, perceived ease
of use

Nevo & Wade (2007)

Analytical

IT products

Expectation

Limayem et al. (2007)

Empirical

WWW

Hsu et al. (2006)
Qin (2007)

e-learning

Expectation, confirmation,
performance, satisfaction

Perceived usefulness,
confirmation, perceived ease of
use, satisfaction

Pre & post use interpersonal
influence, external influence,
attitude, behavioural control,
disconfirmation, satisfaction

Perceived usefulness,
disconfirmation, perceived risk,
satisfaction, trust, shopping
environment

Perceived usefulness,
confirmation, satisfaction, IS
continuance intention, habit

e-learning
continuance
intention

Repurchase,
loyalty, wordof-mouth
e-learning
continuance
intention

Continued IT
usage intention

ECT
ECT
TAM, ECT
ECM, TAM

Continued IT
usage intention

ECM, TAM

Continuance
intention

TPB, ECT

Continued
intention

ECM

Behavioural
intention

ECT, TPB

Satisfaction

ECT

IS continuance
usage

ECM

Extended ECT, decomposed and empirically validated perceived
performance into perceived usability, perceived quality, perceived
value, and usability.

Perceived information relevance, disconfirmation of information
accuracy, and disconfirmation of information relevance have
significant influence on user information satisfaction.

Perceived quality (information quality, service quality, and system
quality) has a strong influence on confirmation and satisfaction.
Perceived usefulness is sturdily influenced by confirmation
Extended ECM in IT context while used TAM too and argues that
TAM is the most parsimonious and generic model to explain both
initial and continued IT adoption.

Satisfaction and post-adoption expectations have significant
influence on continuance intention of IT use. Strongly warranted to
include satisfaction in understanding IT adoption and usage
behaviour.
Integrated TPB with confirmation and satisfaction constructs from
ECT. Perceived behavioural control and satisfaction have significant
effect on online shopping continuance intention.
Perceived risk has a stronger effect on satisfaction than perceived
usefulness. Trust and satisfaction together has a more effect than
shopping enjoyment on continuance intention.
An integrated model of TPB and ECT can increase the accuracy and
predict and explain customers’ behavioural intentions more
preciously.

Relevant stakeholders should be engaged in designing and
producing organisational information systems so that customers
generate accurate expectations.

Incorporated habit into IS research and found that habit acts as a
moderating variable between IS continuance intention and IS
continuance.
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Chen (2007)

Empirical

Virtual
community

Premkumar &
Bhattacherjee (2008)

Empirical

IT, online
tutorials

Brown et al. (2008)

Analytical

IS
implementati
on

Doong & Lai (2008)

Empirical

e-negotiation

Limayem & Cheung
(2008)

Empirical

Internetbased
learning

Sørebø & Eikebrokk
(2008)

Empirical

Mandatory IS
use

Empirical

Online auction

Empirical

Knowledgebased virtual
community

Empirical

IT adoption &
continuance

Petter (2008)

Yen & Lu (2008)
Yen & Lu (2008)
Jin et al. (2008)
Bhattacherjee et al.
(2008)

Qualitative

Empirical

IS projects

Online auction

Contextual factors,
technological factors,
satisfaction

Continuance
intention

ECM

Users’ attitude and perceived usefulness changes with time and
more prevalent in the early stage of IT use than in the later phase.

Intention

TAM, ECT

TAM and ECT together provide a better explanation of IT usage
intention, than a single individual model/theory.

ECM

Post-use factors are important for e-negotiation systems (ENS) and
therefore ECT is an effective theory to analyse ENS. Monitoring
users’ disconfirmation continuously is important for ENS.

IS continuance
use

ECM

Introduced ‘IS habit’. Both satisfaction and prior behaviour have
significant impact on IS continuance and habit is a moderator.

Confirmation, ease of use,
perceived usefulness

User
satisfaction

ECM

Ease of use and confirmation are significant antecedents of
satisfaction while perceived usefulness is not. For a mandatory
environment, therefore, authority should concentrate of these two
factors more closely.

Confirmation, satisfaction,
perceived net benefits

Loyalty
intention

ECM

Perceived net benefits and confirmation are directly related with
online auctioneers’ satisfaction. Loyalty intention is dependent only
on satisfaction.

ECM

Perceived switching cost moderates the decision for continuance
decision along with satisfaction and perceived usefulness.

Perceived usefulness, perceived
ease of use, expectation,
confirmation, performance,
satisfaction
Expectation, experience

Perceived usefulness,
disconfirmation, satisfaction

Perceived usefulness,
confirmation, satisfaction, IS
continuance intention, habit,
prior behaviour

Expectation, confirmation,
satisfaction
Expectation, confirmation,
satisfaction
Information quality,
disconfirmation

Post-usage usefulness,
disconfirmation,
satisfaction, IT self-efficacy,
satisfaction, PBC

Satisfaction

Continuance
intention

Net benefits
Repurchase
intention

Information
satisfaction
Continuance
behaviour

TAM, ECT,
polynomial
modeling

ECT, service
quality

ECT

ECM

Empirical comparison between three models. Did not find ECT as
an important theory to explain satisfaction, rather the “experience
only” model provides better explanation about ease of use.

User involvement, leadership, and trust are three important
strategies to software managers to manage user expectation.
Supports fundamental ECT. Bidders evaluate sellers’ recent
performance not the prior expectation or feedback comments.

Proposed an extended model of ECM by introducing continuance
behaviour where the perceived usefulness construct was renamed as
post-usage usefulness. Also explained the PBC construct in detail.
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Liao et al. (2009)

Empirical

IT adoption

Kang et al. (2009)

Empirical

Online
services

Kim (2010)

Empirical

Mobile data
service

Lankton et al. (2010)

Empirical

IT use

Hsieh et al. (2010)

Empirical

Webblogs

Confirmation, satisfaction,
perceived usefulness,
perceived ease of use
Confirmation, past use,
perceived usefulness,
satisfaction, self-image
congruity, regret

Confirmation, perceived
usefulness, perceived
enjoyment, perceived fee, social
norm, PBC, satisfaction
Prior IT use, satisfaction,
importance, task complexity
Confirmation, perceived
performance, expectation

IS continuance
intention

TAM, ECT,
Cognitive
model

Continuance
intention

ECM

Continuance
intention

ECM, TPB

Continued IT
use
Satisfaction

ECM
ECT

Combines attitude and satisfaction into continuance model and
proposes a new theory, Technology Continuance Theory (TCT)
which claims that it has capability to explain user attitude at
different stages of adoption life cycle.
Self-image congruity plays a key role in forming post-adoption
beliefs (perceived usefulness and perceived enjoyment). Also finds
that regret is an important antecedent of continuance intention.
For mobile data service (MDS) continuance analysis, an integrated
model of ECM and TPB explains more perfectly than either single
model. Necessary resources and capabilities are perceived as
important antecedents.

Integrated ‘habit’ and ‘prior IT use’ antecedents to ‘continued IT’
use and tested empirically with a software application pertaining
four different IT activities.
Identified and measured key constructs of blog quality to blog
users’ satisfaction using expectation confirmation paradigm.
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Appendix C: The Field Study
Extended and Expanded Diffusion of RFID Technology in Asset Management:
Australian Livestock Industry
Date:

Name of the farm
:_____________________________________
Name of the interviewee
:_____________________________________
Function
:_____________________________________
Location
:_____________________________________
Size of the farm:
Area
:________________________________
Number of livestock:
Cattle
: _______________________________
Goat
: _______________________________
Pig
: _______________________________
Other (please specify) : _______________________________
Other agricultural activity (ies): ______________________________

/

/ 2009

=====================================================
1. Introduction
1.1 What made you to deploy RFID in your farm?
Probe if necessary:
● Mandatory Identification (legal requirement)
● Market demand and/or market trend
● Improving business operation
● Competitive advantage

1.2 Whom you are doing business with (other farms, retailer, wholesaler, direct export
or slaughterhouse)?
2. RFID knowledge issue
2.1 What is your organisation’s current level and depth of RFID knowledge?
Example:
● Level of knowledge (basic, technical)
● Depth of knowledge (operational, moderate or extensive)

2.2 How did you acquire RFID knowledge?
Example:
● Mass media or interpersonal channel
● Organisation study or RFID case study

2.3 During knowledge-gathering stage did you generate any expectation(s) about RFID?
2.4 Did the RFID knowledge help you in making RFID implementation decision? Did it
make the implementation process easier?
3. External Environment
3.1 Did you face any kind of external pressure for RFID use?
Probing if necessary:
● Legal requirement
● Restricted business threat

3.2 What kind of government-supports did you enjoy in RFID use?
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Probing if necessary:
● Incentive
● Counselling or consultancy support
● ICT infrastructure

4. RFID Implementation issue
4.1 What was the factor(s) behind the RFID implementation in your farm?
Probing if necessary:
● Legal/market issue
● Inspired by case study and/or business assessment (and financial analysis)
on RFID investment

4.2 What were the implementation steps?
Probing if necessary:
● Initiation
● Adoption
● Pilot (Was it important? What was your/should be a preferable size, costs and
length?
● Organic growth (enticement, training, individual learning)
4.3 Did the expectations (which were generated during your knowledge-gathering
stage) influence RFID implementation process?
4.4 While implementing RFID, where did you get assistance from?
Probing if necessary:
● Counselling
● Training (who provided, how long? ongoing or one-off)?

5. RFID Expectations
5.1 Has any of your expectations changed after (or during) the implementation stage? If
yes, give example.

6. Confirmation
6.1 How did you verify whether your expectations were confirmed (or not) from RFID
adoption?
Probing if necessary:
● The experience is better than expected
● Overall, the expectations were confirmed
6.2 Did you evaluate (or re-evaluate) RFID’s expanded use?

7. Satisfaction
7.1 What is your overall experience of using RFID use?
Probing if necessary:
● How satisfied you are?
● Did you get what you wanted from RFID?
● To what extent does RFID meets your needs?

7.2 How do you measure your satisfaction from RFID use?
Probing if necessary:
● Primary expectations
● Better performance of RFID

312

8. Continued, Extended, and Expanded Use
8.1 Being ‘satisfied’ (or dissatisfied) what is your current and future intention of using
RFID technology?
● Extended and expanded use
● Maintaining status-quo
8.2 How do you compare initial adoption decision and further extension decision?
● Motivation (efficiency)
● Rationale (financial/economic, technology)

9. Farmers’ Innovativeness
9.1 How many innovations your organisation adopted during last five years? How long
each innovation took to be adopted?
9.2 What factors are essential to be innovative?
Probing if necessary:
● Speed of adoption
● Organisational age
● Organisation size
● Availability of slack resources

9.3 What organisational-motivating factors are associated with RFID diffusion?
Probing if necessary:
● Top management’s attitude towards innovation (risk orientation)
● Market/customer needs drive the innovation (external orientation)
● Absence of rigid rules and regulations and organic structure (achievement
orientation)
Do you have any remarks or comments on this interview?
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Appendix D: Summary of factors for adoption and continuance intention
Constructs

Sub-construct

Technological

Complexity

Implementation

Compatibility

Compatibility

Factors

Trialability
Cost
Standards

Organisational
Factors

Resource-base
factors

Management-base
External

Environmental
Factors

factors

External pressure
External support

Variables

Excerpt of data

RFID-

The perceived complexity “actually came out of fear which was converted into

with farming processes,

Compatibility “is not an issue as RFID did not conflict with our practice rather it is

complexity,

integration complexity

reluctance” to adopt RFID (Farm C)

compatibility with farming technologies,

quite smart a process” (Farm D)

Try

an

“We implemented RFID in a trail basis, starting with animal-identification ending to

RFID component costs, maintenance costs,

Farms like A, D, and E are convinced to increase the level of RFID-use but “stuck with

compatibility with farming styles
before

implement,

incremental fashion

try

in

on-going business costs

farm-integration” (Farm C)
the costs”.

Standardisation of RFID components

“Everyone was running around to sell their equipment that has increased the level of

Standardisation of RFID data requested

“.. it’s a bit of dilemma for us.. and ..we cannot afford parallel systems for different

Farm size, financial resource, technical

“without having the additional money you just won’t do it”. (Farm B)

resource, slack resource, quality human

confusion” and slowed down the RFID-acceptance (Farm A).

markets” (Farm B).

resource, technical expertise, knowledgebase, physical proximity

organisational

“we cannot take risks of doing (RFID) in untested but ‘would-be beneficial’

Government pressure, market pressure,

“there are not many people that have adopted it (RFID in sheep) yet because it’s not

Management

attitude,

readiness, innovativeness, risk-position

applications” (Farm G).

competitive pressure, mimetic pressure

mandatory” (Farm H)

association support

RFID (Farm H)

Government

support, vendor support,

As sheep farmers are not getting any external support, they do not intend to adopt
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Uncertainty

Perceived
benefits

Monetary

expectations
Confirmation

-

Satisfaction

-

Self-efficacy

-

“It is frustrating that Japanese (market) now changed their requirement, asks more

Technology uncertainty

“We now hear about Smart-tattoo.. what you will do if a better technology evolves?”

Competitive advantage, expanded market,

expectations
Business

Demand uncertainty

increased sales and profit, positive return
process

on investment, cost saving

Effective and efficient farming, automatic
farming, traceability, theft prevention

data than before..” (Farm F)
(Farm D)

“I expected that the market will be bigger with more options, in turn, more demand for
beef in general which will lift up the price of beef”(Farm D)

“We can easily collect sheep data such as body weights and fleece information,
generate ram indexes and then auto-draft individual animals based on the figures”
which “used to require at least three people to do the same job; now by a single person”
(Farm H)

“We have gained nothing from it (RFID) other than another cost to our business” (Farm
Monetary satisfaction, usage satisfaction

Technology self-efficacy, operation selfefficacy

E)

“RFID is doing its best for this (livestock) industry and my farm” (Farm H)

“I would have adopted RFID much earlier if someone experienced would have showed
me” (Farm D)
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Appendix E: Survey questionnaire

Enquiries:
E-mail:
Contact:

Mohammad Hossain

mohammad.hossain@postgrad.curtin.edu.au
0433 191 961

Dear Sir/Madam,

You are kindly requested to participate in a nationwide survey being conducted by
Mohammad Hossain, a PhD candidate; under the supervision of Professor Mohammed
Quaddus from Curtin University. This survey is supported by the Department of
Agriculture and Food, Western Australia. The participants in this survey are the
livestock farmers in Australia. Your participation is voluntary and your identity will be
kept as anonymous. None of the information provided by the participants will be used
in any monetary or political purposes.

Radio Frequency Identification (RFID) is the electronic animal-identification system.
We hope that you have experienced this technology, directly or indirectly. We wish
that you would share your usage experience of RFID by participating in this surveybased research. The aim of this research is to investigate your current experience (if
you have any) and/or investigate your future intention to use RFID on your farm.

The outcome of this survey expects to bring up the real condition of the electronic
tagging in Australia. The outcome of this study completely depends on your
consideration toward RFID use in Australian livestock industry. So, this is a rare
opportunity to let the industry know about your thinking whether RFID should
dominate the Australian livestock industry. It is the opportunity to share your own
judgment and strengthen your business status. Your contribution will help this
project to propose the necessary strategies and policies (to be taken by the
government, the livestock organisations, and the RFID vendors) for the betterment of
the livestock industry. Therefore, your support is needed to support you.
This questionnaire has been approved by the Curtin University Human Research Ethics
Committee (Ref. No. GSB 02-11). Data will be kept secured and locked in Curtin
University and will be destroyed five years after completion of this research.
You can, alternatively, complete this questionnaire in the following link
https://www.surveymonkey.com/s/RFID_in_livestock

Your kind cooperation is highly appreciated in this regard.
Yours sincerely,

Mohammad Alamgir Hossain
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GENERAL SECTION: Please complete all following questions by inserting tick mark (√) in
the boxes or by writing in the spaces provided.

1. Your gender
Male

Female

2. What age group do you belong to?
Younger than 20

21-30 Years

31-40 Years

41-50 Years

Older

than 51

3. Your highest level of formal education?
No schooling

Primary School

High School

College

University

Other ___________________________

4. Your status on this farm
Owner

Owner-manager

Employee

Manager

Others

____________
5. What is the size of your farm?
Acres ___________

(or) Hectares ____________

6. Do you have other farming activity/ies other than livestock?
No

Yes

(please

specify)

_____________________________________________
7. Number of people engaged in your farm
A) Family member _________ B) Hired ____________

8. Annual cash receipts of your farm
Less than $50K

$50K-$79K

$80K- 99K

$200K-299K

$300K-399K

$400K-500K

$100K-199K
More than

$500K
9. How many livestock you have?
Cattle ________________ Sheep ________________
Other

(please

mention)

___________________________________________________________
10. Is your farm using RFID tags?
No, please complete and return Questionnaire # 1
Yes, please complete and return Questionnaire # 2

Reminder: Please send this page along with your answered questionnaire.
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Questionnaire # 1

Instruction to a respondent:
1. Please keep in mind that RFID is the electronic animal–identification system.
2. This questionnaire has 4 sections to be completed (Section A to D).
3. Please answer the questions to the best of your knowledge. Most of the questions
require your view or opinion on a six point scale. There is no right or wrong
answers.

SECTION A: In this section, the researcher is interested in assessing the pressure from
different interest groups. Please CIRCLE the number that best matches your view of the

Agree

Strongly

Disagree

Statements

Strongly

statement (where 1 = Strongly DISagree and 6 = Strongly Agree).

External Pressure
a

We intend to adopt RFID as we know that it will be

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

mandatory in the future.
b

Government does not put any pressure on our RFID
decision.

c

Our customers and consumers demand that the meat
should be capable of being traced-back.

d

It is difficult to trade if we don’t have our animals
tagged with RFID.

e

RFID tagging is recommended by our important
supply chain partners.

f

It is easy for our customers to switch to another
producer without much difficulty.

g

We believe that we will lose our customers to our
competitors if we do not adopt RFID.

h

The majority of our competitors are using or will be
using RFID soon.

i

We perceive that our competitors have been
benefited greatly by using RFID.

j

We perceive that our competitors that have been
using RFID are treated favourably by supply chain
members.

k

We perceive that our competitors that are using RFID
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are achieving better farming.
l

Our associations and the people important to us
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3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1
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4

5

6

1

2

3

4

5

6

1

2

3

4
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6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2
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5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

recommend do farming with RFID.
m

It is embarrassing not to have RFID as other farmers
already have it.

External Support
a

Government agencies provide timely and useful
information regarding RFID.

b

Government agencies provide sufficient infrastructure
for us to use RFID.

c

Government should encourage us with tax-deductible
RFID projects.

d

Sufficient training sessions are provided to farmers
towards RFID use.

e

There are RFID vendors nearby which provide
support for effective use of RFID.

f

There are RFID vendors nearby with display centres
and customized supports.

g

Our trade associations publish special issues related
to RFID in farm magazines.

h

Our associations organize meetings to discuss about
RFID.

Uncertainty
a

Our customers ask for different data at different times
about the animal history.

b

We are not too sure how long the demand will be for
RFID data.

c

We worry that a better technology may replace RFID
in near-future.

SECTION B: In this section, the researcher is interested in assessing the organisational

Agree

Strongly

Disagree

Statements

Strongly

factors.

Organisational Resources
a

To be inspired for RFID use, distance from other

1

2

3

4

5

6

farms and the source of RFID-supports is important.
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b

We have sufficient financial resource for RFID

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

projects.
c

We have necessary RFID knowledge to use RFID in
farming.

d

We have expert human resource in RFID who can
learn RFID- things quickly and easily.

e

We have sufficient technical resources to use RFID.

Management Attitude
a

We have no problem to sacrifice a bit from our profit
to reduce the financial loss during a disease outbreak
like ‘mad cow’.

b

We are willing to invest in new RFID-applications.

1

2

3

4

5

6

c

We are keen to experiment with new tools and

1

2

3

4

5

6

techniques.
d

We are keen to take risks in RFID projects.

1

2

3

4

5

6

e

We have a clear goal and clear strategy for RFID

1

2

3

4

5

6

use.

SECTION C: In this section, the researcher is interested in assessing the technological

Agree

Strongly

Disagree

Statements

Strongly

characteristics of RFID.

Complexity
a

We perceive that our interaction with RFID will be

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

clear and not complicated.
b

We perceive that RFID system does not require a lot
of effort.

c

We perceive that integrating RFID in our current
farming practices will be difficult.

d

Overall, we perceive that RFID system is easy to use.

Compatibility
a

We perceive that RFID can be fitted into our existing
farming style in such a well manner that we do not
have to alter our farming practices.

b

We perceive that RFID can be integrated with our
current farming operations without much difficulty.

c

We perceive that RFID system can provide sufficient
data which is asked by our customers.
Trialability
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a

Before deciding on whether or not to adopt RFID, one

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

should use it on a trial basic to see what it can do.
b

We perceive that every new RFID-application can be
tested in an isolated way before the actual use
(Divisibility).
Cost

a

We perceive that the overall RFID implementation cost
is high.

b

We perceive that the overall RFID integration cost is
high.

c

We perceive that the RFID maintenance cost is high.

1

2

3

4

5

6

d

We perceive that the cost of RFID adoption is far

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

greater than the benefits.
e

We believe that RFID costs should be shared among
every member in the food supply chain.

Standardization
a

We should have a global standard for RFID tags and
readers used in farming.

b

We should have such a system which would permit
our tags to be read at anywhere in the world
(Interoperability).

c

It is frustrating that different markets ask for different
information about the same animal.

SECTION D: In this section, the researcher is interested in assessing your expectations
and satisfaction from RFID use. Please CIRCLE the number that best matches your view of
the statement (where 1 = Strongly DISagree and 6 = Strongly Agree) or CIRCLE the

Agree

Strongly

Disagree

Statements

Strongly

relevant number (or number-range) where applicable.

Expectations
a

We expect that, because of RFID, we would get

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

competitive advantage in the market.
b

We expect that, RFID guarantees a positive
return on investment (ROI) and shorter payback time.

c

We expect that the overhead operational cost
would be reduced through increasing labour
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productivity.
d

We expect that, our profit would be increased

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

because of RFID.
e

We expect that, RFID would provide timely and
accurate

information

for

making

better

decisions.
f

We expect that RFID would improve our farm
performance.

g

We expect that, RFID would reduce the animal
theft.

RFID Adoption
a

It is critical for our farm to adopt RFID.

1

2

3

4

5

6

b

We are committed to use RFID as soon as

1

2

3

4

5

6

1

2

3

4

5

6

Less

1-

3

4

More

Never

than

2

possible.
c

We have no intention to adopt RFID in near
future.

d

We plan to use RFID in next <> years.

than

1
e

Once we start, we will be using RFID in <>
applications.

1

5
2

3

4

5

More
than
5
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Questionnaire # 2
Instruction to a respondent:
1. Please keep in mind that RFID is the electronic animal–identification system.
2. This questionnaire has 6 sections to be completed (Section A to F).
3. Please answer the questions to the best of your knowledge. Most of the questions
require your view or opinion on a six point scale. There is no right or wrong
answers.
We have been using electronic tags (RFID) to identify: (A) Cattle
(C)

(B) Sheep

Both

SECTION A: In this section, the researcher is interested in assessing the pressure from
different interest groups. Please CIRCLE the number that best matches your view of the

Agree

Strongly

Disagree

Statements

Strongly

statement (where 1 = Strongly DISagree and 6 = Strongly Agree).

External Pressure
a

Government mandate made us to adopt RFID.
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6

b

We did not find any pressure from the government to
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6
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6
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6
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5

6
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5

6

1

2

3

4

5

6

adopt RFID.
c

Our customers and consumers demand that the meat
should be capable of being traced-back.

d

It is difficult to trade if we don’t have our animals
tagged with RFID.

e

RFID tagging is recommended by our important
supply chain partners.

f

It is easy for our customers to switch to another
producer without much difficulty.

g

We believe that we will lose our customers to our
competitors if we do not adopt RFID.

h

We perceive that our competitors that have been
using RFID are achieving better farming.

i

We perceive that our competitors that have been
using RFID are treated favourably by supply chain
members.

j

Our associations and the people important to us
recommend farming with RFID.

k

It is embarrassing not to have RFID as other farmers
already have it.

External Support
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a

Government agencies provide timely and useful
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5

6
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6

1
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5

6
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5

6

1

2

3

4

5

6

information regarding RFID.
b

Government agencies provide sufficient infrastructure
for us to use RFID and to upload data in MLA site.

c

Government should encourage us with tax-deductible
RFID projects.

d

Sufficient training sessions are provided to farmers
towards RFID use.

e

There are RFID vendors nearby which provide
support for effective use of RFID.

f

Our trade associations publish special issues related
to RFID in farm magazines.

g

Our associations organize meetings to discuss about
RFID.

Uncertainty
a

Our customers ask for different data about the animal
at different times.

b

We are not too sure how long the demand will be for
RFID data.

c

We worry that a better technology may replace RFID
in near-future.

SECTION B: In this section, the researcher is interested in assessing the organisational

Statements

Disagree

Strongly

factors.

Organisational Resources
a

To be inspired for RFID use, distance from other

1

2

3

4

5

6

1
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4

5

6

1
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4

5

6

1
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4

5

6

1
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5

6

farms and the source of RFID-supports is important.
b

We have sufficient financial resource for RFID
projects.

c

We have necessary RFID knowledge to use RFID in
farming.

d

We have expert human resource in RFID who can
learn RFID- things quickly and easily.

Management Attitude
a

We have no problem to sacrifice a bit from our profit to
reduce the financial loss during an outbreak.
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b

We are willing to invest in new RFID-applications.
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6

c

We are keen to experiment with new tools and
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6
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5

6

1

2

3

4

5

6

techniques.
d

Our management is interested and has shown support
to implement RFID projects.

e

We are keen to take risks in RFID projects.

SECTION C: In this section, the researcher is interested in assessing the technological

Agree

Strongly

Strongly

Statements

Disagree

characteristics of RFID.

Complexity
a

Our interaction with RFID system is clear and not

1

2

3

4

5

6

complicated.
b

RFID system does not require a lot of effort.

1

2

3

4

5

6

c

Overall, we believe that RFID system is easy to use.
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6
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6
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5

6

1
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3
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5

6

Compatibility
a

We perceive that RFID fits into our existing farming
style in such a well manner that we do not have to
alter our farming practices.

b

We perceive that RFID can be integrated with our
current farming operations without much difficulty.

c

We perceive that RFID system can provide sufficient
data which is asked by our customers.

Trialability
a

Before deciding on whether or not to adopt RFID, one
should use it on a trial basic to see what it can do.

b

We perceive that every new RFID-application can be
tested in an isolated way before the actual use
(Divisibility).

Cost
a

We perceive that the overall RFID cost is high.

1

2

3

4

5

6

b

We perceive that the cost of RFID adoption is far

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

greater than the benefits.
c

We believe that RFID costs should be shared among
every member in the food supply chain.

Standardization
a

We should have a global standard on RFID tags and
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readers used in farming.
b

We should have such a system which would permit

1

2

3

4

5

6

1

2

3

4

5

6

our tags to be read at anywhere in the world
(Interoperability).
c

It is frustrating that different markets ask for different
information about the same animal.

SECTION D: In this section, the researcher is interested in assessing your expectations

Agree

Strongly

Disagree

Statements

Strongly

and satisfaction from RFID use.

Expectations
a

We expected that, because of RFID, we would get

1
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4

5

6

1
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4

5

6

1

2
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5

6

1
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5

6
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4

5

6

1

2

3

4

5

6

competitive advantage in the market.
b

We expected that, RFID guarantees a positive
return on investment (ROI) and shorter pay-back
time.

c

We expected that overhead operational cost would
be reduced through increasing labour productivity.

d

We expected that, our profit would be increased
because of RFID.

e

We expected that, adoption of RFID would provide
timely and accurate information for making better
farm-decisions.

f

We expected that, RFID would reduce the animal
theft.

RFID Adoption
a

It is important for our farm to adopt RFID.

1

2

3

4

5

6

b

We have been using RFID for <> years.

Less

1-

3

4

5

More

than

2

than

1
c

We have been using RFID in <> applications.

1

5
2

3

4

5

More
than
5

Disconfirmation
a

Our experience with using RFID technology was

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

better than what we expected.
b

Our experience with using RFID technology was
just what we expected.

c

Overall, most of our expectations from using RFID
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were confirmed.
Satisfaction
a

We are satisfied with our decision to use RFID.

1

2

3

4

5

6

b

Our choice to use RFID was a wise one.

1

2

3

4

5

6

c

If we were to choose it again, we would not adopt

1

2

3

4

5

6

RFID.

SECTION E: In this section, the researcher is interested in assessing your usage behaviour

Agree

Strongly

Disagree

Statements

Strongly

of RFID.

Intention to Continued Use
a

We wish to continue using RFID technology

1

2

3

4

5

6
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3

4

5

6

1
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3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

We have certain plans of RFID extension in <>

Less

1-

3

4

More

Never

year.

than

2

rather than discontinue its use.
b

Our intention is to use RFID than any
alternative way.

c

If we could, we would discontinue using RFID.

Intention to Extended Use
a

We wish to keep more data on RFID tags
(rather than just the identification number) for
our own farm-interest.

b

We wish to use RFID in automatic farming
activities to increase the farm-productivity.

c

We wish to use RFID to entertain our customers
with more data about animals as well as with
customized products.

d

If we could, we would extend RFID use to other
farming application as much as possible.

Extended Usage Behaviour
a

We are committed to use RFID in every
possible application.

b

than

1
c

We have been using RFID in other applications,
except identifying animal, for <> year.

0

5
12

3

4

5

More
than
5

SECTION F: In this section, the researcher is interested in assessing your self-efficacy and
your personal believes towards extending RFID use.
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Agree

Strongly

Disagree

Strongly

Statements

Self-efficacy
a

We could use RFID if someone first showed us how

1

2

3

4

5

6

1
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4

5

6

1
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5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

to do it.
b

We can perform our job using RFID even if there is
no one to help us if we get stuck.

c

We can perform our job using RFID if we have lot of
(adequate) time to complete the job.

Facilitating Conditions
a

We would have extended RFID use much earlier if
we had sufficient financial and quality human
resource.

b

We perceive that, for RFID extension, the potential
financial profit is favourable than associated risks.

c

We would have extended RFID use much earlier if
we had support from agriculture department, RFID
vendors, and our association.

d

We believe that more intervention from government
as well as from livestock supply chain partners would
increase the RFID use in extended applications.
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