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Abstract
For this research we use Delphi technique to identify the key business processes and value chain activities that are improved by RFID. Our Delphi study involves 74 experts from different domains such as consulting, retail, academia, and third
party service providers. We also explored whether there is any difference in expert perceptions about RFID applicable
business processes and value chain activities across different business associations.
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Introduction
Modern retail industry still faces a number of challenges
that have not eliminated by the introduction of technologies like barcodes. These issues include:
1) Out of stock situation is a big problem for the retail
industry. Average out-of stock level for the retail industry
is 8.3% (Gruen et al., 2002).
2) Inventory inaccuracy leads to huge losses for retailers.
According to the case study results with a US based retailer Raman (2000) claimed that there was inaccurate inventory for over 70% of the stock keeping units in the store.
Radio Frequency Identification (RFID) is an example of
automatic identification technology which is much more
advanced than the barcode technology and can address
these issues effectively. This research work deals with the
usage of RFID technology across the retail value chain.
RFID adoption rolled out with large retailers such as
Wal-Mart, Tesco, and Metro and government agencies
such as DOD (US department of defense) and FDA (Food
and Drug Administration) mandating their suppliers to tag
their products at a pallet or case level with the objective
of streamlining their value chain processes. Real-time visibility could be a reality with RFID which was not possible
with the use of bar-code technology.
Given the early stage of RFID adoption, there is a lot
of uncertainty regarding the actual value and return on
investments (ROI) of the technology. In other words there is still a large gap between the ideal vision and the
current perception of businesses regarding the value of
RFID. It is crucial to investigate how RFID can bring value to organizations. Hence, our work seeks to improve
the understanding of the value of RFID by discussing the
most significant business processes and value chain activities that could be improved by implementing RFID. This
would help retailers to situate the potential benefits of
RFID within the context of business processes and value chain activities. This can drive RFID adoption in retail considering that most retailers today rank value chain
management as their key priority for gaining competitive
advantage and also because most of the RFID benefits
within the retail sector primarily revolve around allowing
for improved value chain management and streamlined
business processes through reduced manual intervention
and thus errors.

We adapt Rogers’ diffusion model (Rogers, 1995) to encapsulate the entire research problem. The various stages
in the adapted model are knowledge, persuasion, design
and decision, and implementation. Figure 1 below shows
our research model. The knowledge stage involves enhancing the required information about the various aspects
of the technology. Issues such as RFID adoption pros
and cons, retail domain characteristics, and current RFID
adoption status are linked with this stage. The persuasion
stage of the diffusion model maps to RFID-adoption drivers and key benefits, and the decision and design stage
maps to potential value chain activities, RFID-applicable
business processes, and RFID technology choice (in terms
of RFID frequency, standards, case/pallet level of tagging,
and so on, and finally the implementation stage maps to
implementation challenges and diffusion strategy. For this
paper, we only focus on the design and decision stage involving and business processes and value chain activities.
The other stages and thus related issues are beyond the
scope of this paper. The primary reason and justification
to choose Roger’s DOI as the theoretical foundation for
this research is the simplicity of the theory and the stage
model (Innovation adoption takes place in different stages) as the building block of the theory. The stage model
of the theory is adapted in this research to encompass
the research problem. This theory allows us to put all the
research aspects into a single framework and use an integrated lens to study them which provides deeper insights.
The key idea is that an integrated lens is necessary to
study the research issues which are inter-linked.
Although it has been claimed that RFID is going to revolutionize the way businesses are conducted today, the
adoption rate of the technology has been relatively slow.
This work could guide decision makers and inform consultants about relative importance of how to go forward for
future adoption decisions. We used Rogers’ technology
diffusion model to conceptualize the way decision makers
and organizations could make decisions about adopting
RFID technology.
To guide our investigation and analysis, we use the following research questions:
• Which retail business processes could be optimized by RFID?
• Which retail value chain activities could be optimized by
RFID?
• Are there any differences in expert perceptions regarding RFID applicable business processes and value chain
activities across different business associations?
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Figure 1. Research model

In the next section we present the theoretical foundation
followed by research methodology. Then we discuss related research work and the analytical results and discussion finally followed by conclusions.

Theoretical Foundation
Past research on advanced technologies suggests that
the outcomes of a technology depend more on how it
is used by people than the technology itself (DeSanctis
and Poole, 1994). Thus the layout of this research work
incorporates five distinct patterns that are adoption drivers, benefits, business processes, value chain activities,
and implementation challenges. However the focus of this
paper is business processes and value chain activities. The
main theoretical perspective used as the foundation of
this research is Roger’s diffusion of innovation. Roger’s
theory of diffusion of innovation (DOI) is used to investigate the impact of RFID in retail value chains. The core
concepts of the theory are briefly discussed below.

Roger’s Diffusion of Innovation Model
Diffusion is the process by which an innovation that could
be a new technology communicates through certain
channels over time among the members of society. The
diffusion of innovation is considered to be the first theory
about technology acceptance. Everett Rogers formalized
the theory in his book Diffusion of Innovation (1995).
Rogers categorizes system member innovativeness into
five categories where innovativeness defines the degree
to which a member is relatively earlier in adopting new
technology than other members. These categories are:
innovators, early adopters, early majority, late majority,
and laggards. Innovators are thought to be up to date
with cutting edge technologies and have the ability to
gain information from multiple sources as well as having
the nature to take risks. Early adopters are deliberate
members with many informal social contacts that use the
data provided by the innovators to make their individual
adoption decisions. Early majority are members who
deliberate for sometime before completely adopting a
new idea. They adopt new ideas just before the average
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member of a system. Late majority is classified as the
skeptics and traditionalists and conforms to the opinion
leaders decision but a little late because of uncertainties.
Finally, laggards are classified as those who are either very
traditional or are isolated from the social system and take
much longer than average to adopt new innovations.
Rogers proposed a five-stage model of innovation
adoption and implementation in enterprises. He defined
the adoption process as “the process through which an
adopter unit passes first knowledge of an innovation, to
forming an attitude toward the innovation, to a decision
to adopt or reject, to implementation of the new idea,
and to confirmation of this decision.” In particular, Rogers
(1995) argued that the decision to adopt and use unfolds
in the following five stages that are interlinked with each
other. These stages are:
• Knowledge: In this stage, a member becomes aware of
the existence and uses of an innovation.
• Persuasion: In this stage, a member forms a favorable or
unfavorable attitude toward the innovation.
• Decision: In this stage, a member engages in activities
that lead to making a choice of adopting or rejecting the
innovation.
• Implementation: In this stage, a member actually begins
using the innovation.
• Confirmation: Finally this stage determines whether the
member accepts or rejects the innovation.
We used Rogers’ diffusion of innovation model to
develop the research framework of this research. With
the guidance of the theory we put the issues (drivers,
benefits, business process, value chain activities, and
challenges) into an integrated perspective. The idea is to
extend Roger’s model specifically into the context of RFID
implementation that will potentially serve as a framework
for future research works to study the impact of RFID
and other automatic identification technologies in general.
Information about the technological characteristics and the
status of adoption of the RFID technology relates to the
knowledge stage of the diffusion model. The persuasion
stage pertains to knowledge about the adoption drivers
and potential benefits of the technology. Information
related to business processes, value chain activities,
and the choice of technology contributes to the design
and decision stage of Roger’s diffusion model and finally
challenges for implementation and the diffusion strategy
contributes to the final stage of implementation in the

general model. The various stages of the diffusion model
are inter-related and are connected via feedback loop.
Thus we argue that these issues are also inter-linked and
cannot be studied standalone. For this paper we focus
only on the design and decision stage.

Research Method
We used ‘Delphi method’ for our research work. Delphi
method is a well established scientific method that is
widely used in Information Science (IS) research and is
suitable to meet our research objective. The methodology
is briefly discussed below.

Delphi Technique
Delphi technique is a method to combine the informed
judgments from a panel of independent experts. This
method is relevant when no or very little hard data or
well-established theory is available, but experts have
relevant information about the focus of the research. It is
a procedure that is based on the premise that aggregation
reduces the error of individual responses. The method is
well established and dates back to the 1959s, developed
by a team of researchers named Dalkey and Helmer.
According to Dalkey (1969) the Delphi method has
three primary features which are anonymity, controlled
feedback and iteration, and formal group judgment. Each
respondent submits his own independent answer to the
relevant questions in the interview/questionnaire. The
rationale behind the anonymity feature is that anonymity
restricts possible bias that could arise from peer pressure
or dominant individuals. The results of a given round of
responses are summarized and reported to the group
who are then asked to reassess their replies in light of
the feedback. The premise is that iteration with feedback
allows interchange among the members of the group in a
controlled manner. Finally, the group answer is presented
as a formal aggregation given the final set of individual
answers. The group judgment may be formulated as the
mean or median of the responses. The formal aggregation
allows for a well-defined and well-represented group
response thus eliminating individual error of responses.
These results from the Delphi study can spotlight key RFID
adoption issues with the potential to maximize usage and
thus benefits. In this study we used two iterations in the
Delphi study. The findings can guide future research work
on this area and can also be used to draw managerial
implications that are crucial for widespread adoption of
the RFID technology.
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Candidate Selection
In order to reduce bias from a group composed of
candidates of similar backgrounds, we obtained candidates
from different sectors such as consulting, academia (faculty
researchers), retail, and third party service providers.
This allowed achieving a broad overview and eliminating
inherent bias within each sector. The fundamental
characteristics and qualifications required for candidates
are: history of association with RFID projects either at
management, operational, or research level, individuals
who are viewed as experts and are self motivated and
forward thinking.
The Delphi study was conducted online between
December 2009 and January 2010. After the questionnaire
was developed it was sent to around 240 experts in
electronic format through email. The web address of the
questionnaire was provided in the email. The experts were
identified through personal contacts. Two weeks later an
email reminder was sent to request to participate in the
research study and respond to the questionnaire. After
another two weeks we received around 80 responses,
out of which 74 were deemed usable. The response
rate is 30.84% which is a significantly high number and
could be explained by the use of personal contacts and
personalized methods to contact the candidates. After
another two weeks we sent out the summary results
to each expert candidate giving them an opportunity to
change their responses in light of the amalgamated results.
Delphi based rounds continue until a predetermined
level of consensus is reached or no new information is
gained. In this study, not much new information is gained

after the second round and thus no follow up rounds
were conducted. According to (Altschuld, 1993) two
iterations are usually enough to obtain good estimate of
the distribution and consensus view of participants and
often not enough new information is gained to warrant
the cost of more rounds. The responses from the two
rounds were merged together at the end of the study to
create the final data set for analysis for this study.
We had a total of 74 expert candidates, including
consultants (23; 31.1%), academics (17; 23%), retail
practitioners (16; 21.6%), and third-party service providers
(18; 24.3%). We also attempted to obtain the opinions of
experts across the spectrum of management levels. Among
our expert candidates, 28 (37.8%) held top management
positions, 8 (10.8%) IT management positions, 19 (25.7%)
were executives, and 19 (25.7%) held research positions.
The reason for having a larger sample of experts in this
study is to include a breadth of expertise from various
business associations to avoid potential biases inherent in
a particular sector.
About 44 (59.5 %) of the experts claimed that they have
very good knowledge about RFID and 26 (35.1%) claimed
that they know all about RFID. Finally 29 (39.7%) out of
the 74 candidates have greater than five years of involvement with RFID projects, 22 (30.1%) have 3-5 years of
involvement, 14 (19.2%) have 1-3 years of involvement,
and 8 (11%) have less than one year of involvement with
RFID projects. Table 1 below shows the details of the
participating experts.

Business Association

Positions

RFID Familiarity

Involvement

Consultant (23; 31.1%)

Top Management (28; 37.8%)

Know all about RFID (26;
35.1%)

> 5 Years (29, 39.7%)

Academic (17; 23%)

IT Management (8; 10.8%)

Good knowledge about RFID
(44; 59.5%)

3-5 Years (22; 30.1%)

Executive Staff (19; 25.7%)

Some knowledge about RFID
(4, 5.4%)

1-3 Years (14, 19.2%)

Third
Party
Service
Provider (18; 24.3%)

Research (19; 25.7%)

Not familiar with RFID (0, 0%)

< 1 Year (8; 11%)

Total (74)

Total (74)

Total (74)

Total (69) Ð 5 missing
values

Retail Practitioner
21.6%)

(16;

Table 1: Delphi Candidate Details
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Questionnaire Design
The questionnaire guiding the Delphi study is generated
primarily based on the previous research results from
content analysis (Bhattacharya et al., 2007, 2008; 2009;
2010a) as well as under the guidance of the fundamental theories that serve as the premise of this work. We
have adapted and amalgamated measures from previous
studies for ensuring reliability of the study instrument
(Premkumar and Roberts, 1999; Ranganathan and Jha,
2005; Sharma and Citurs, 2005)). We also pilot tested
the questionnaire with graduate students to enhance clarity and question focus. The questions are designed as 5
point Likert scale (Strongly disagree (1) to Strongly agree
(5)). The reliability of the measures was established using
Cronbach’s alpha to establish inter-item reliability. The
Cronbach’s alphas were high (0.916 for business processes; 0.921 for value chain activities). The validity of the
measures was established using principal component factor analysis. The items loaded on one factor each for business processes and value chain activities.

Related Research
Studies of RFID and its applications cover a wide range of
adoption characteristics, industry sectors, and geographical regions. Information provided from one entity within
the supply chain to the other is the factor that differentiates the value-based supply chain from the traditional linear approach (Markland et al., 1995). Improved information sharing capabilities leading to competitive advantage
has caused businesses to invest on enabling automatic
identification technologies like bar-codes and RFID and
supporting technologies that process the collected data
into valuable information. RFID when used in supply chain
management can create and sustain a firm competitive
advantage (Tajima, 2007).
Many supply chain processes can be enhanced using RFID
technology. RFID can be implemented into a variety of
activities starting from the receipt of raw materials to the
delivery of products to customers. Due to the considerably high cost of the RFID technology it can be very expensive to apply the technology to each step in the supply
chain. Therefore the major challenge is to investigate individual company practices and determine the processes
and activities that will benefit the most from it so that the
implementation is opportunistic. In the past few years,
RFID technology has been expanding into the areas of

tracking video cassettes in rental stores for better inventory management, tracking meat throughout processing
facilities to monitor temperatures, and tracking reusable containers as they are transferred between suppliers
and manufacturers. The success of these applications has
inspired industries to expand the technology across new
horizons to better integrate the supply chain so that they
are transformed into intelligent, self managing entities
(Schmidt, 2001).
The benefits that RFID provide include faster information
retrieval, improved supply chain visibility, higher information content, and less probability of loss or theft (Hickey,
1999). Improved supply chain visibility and full or semi automation of rote operations are significant benefits that
could be achieved from RFID technology implementation
(Bose and Pal, 2005). RFID could significantly reduce out
of stock situations for retailers (Bhattacharya et al., 2007;
Bhattacharya et al., 2008, 2009; 2010a; Karkkainen and
Holmstrom, 2002; Karkkainen, 2003). The technology
leads to savings that comes from improved inventory
management, reduced employee errors, replenishment
productivity, and reduced stock loss (Karkkainen, 2003).
Within grocery retailing RFID allows for automated inventory replenishment, improved customer service, reduced stock out situations, and improved information
sharing thus leading to a more controlled supply chain resulting from the improved visibility (Prater, 2005). Ranky
(2006) suggests that RFID improves tracking and tracing
of products and assets across the supply chain for major
manufacturers, distributors, and retailers could lead to
an integrated supply chain. (Keating et al., 2010) suggests
that RFID adopters and non-adopters both are driven by
the RFID benefits such as greater data accuracy, improved
information visibility, service quality, process innovation,
and track-and-trace capabilities. However, an opportunity
to derive strategic benefits from RFID through improved
decision making is what distinguishes the adopters from
the non-adopters.
The business processes that are improved with RFID
across a specific supply chain are identified to be receiving
and put-away, picking, shipping, and replenishment
(Subrina et al, 2003; Wamba, et al., 2007; Bhattacharya
et al., 2010b). Optimization of these processes can be
achieved when RFID is used by eliminating or reducing
manual interventions that is otherwise needed thus

ISSN: 0718-2724. (http://www.jotmi.org)
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios

68

J. Technol. Manag. Innov. 2011,Volume 6, Issue 3

contributing to cost savings. RFID aids in the development
of new smart business processes triggered by automated
events e.g. as soon as a truck leaves the manufacturing
facility, an ASN (Advanced Shipping Notice) is sent to
the distribution centre via the EPC (Electronic Product
Code) and also allowing transit visibility through GPS
(Geographical Positioning System) tracking between
the manufacturer and the distributor. RFID also allows
merging of both intra and inter-organizational business
processes. As an example of intra-organizational process
integration, receiving and put-away processes could be
merged by RFID by automatically linking in-coming product
information to dedicated shelves in the warehouse thus
reducing the need for staging areas. As an example of
inter-organizational process integration, the shipping
process at the manufacturer end could be integrated
with the receiving process at the retailers’ end by linking
incoming physical and digital RFID tag products to digital
information (ASN) received through EPC network from
the manufacturer.

Measuring the Impacts of IT
Researchers suggest that information technology (IT)
creates business value along three dimensions that lead to
automational, informational, and transformational effects
(Mooney et al., 1996; Dedrick et al., 2003). These effects
are briefly discussed below:
1. Automational: This effect enhances efficiency by
automating operational processes that need manual
interventions and are subject to errors.
2. Informational: This effect leads to increased performance
by achieving improved capabilities to collect, store,
process, and disseminate information which can lead to
better decisions and thus improved quality.
3. Transformational: This effect refers to the role of
IT in facilitating process reengineering and redesigning
organizational structures (Mooney et al., 1996).
As an example in the context of RFID technology, the
technology can eliminate time for manual counting of number
of cases, pallets, or cases on a pallet (automational effect),
reduce the number of shipping errors (informational),
and change manual replenishment process of stock from
backroom inventory to shop floor (transformational).
Many studies suggest that IT investments drive changes
in business processes. For example, (Subirana et al.,

2003) used a business process based approach to
estimate the impact of RFID technology on warehouse
management processes. They suggest that the effect of
RFID technology reduces the time to complete receiving
process, improves the quality of the shipped orders in
the shipping and handling processes, and reduces labor
costs of warehouse processes. They also suggest that use
of RFID in one process can potentially improve other
related processes due to interdependencies in processes.
For example, verifying cases in the receipt process has an
impact in the accuracy of the put away process.
(Kohli and Sherer, 2002) also suggest that supply
chain entities need to make major changes in their
business processes to fully capture the benefits from IT
investments in the supply chain. This approach is called
a process based approach to studying the impact of an
information technology. It is a useful and ideal approach
to understanding the impact of RFID because it allows
studying the impact at a more detailed level and thus allows
capturing wider potential of the technology (Wamba
et al., 2008). We have used a similar approach in this
research work with the goal to better capture the impact
of RFID. There are other studies which indicate the need
for the process-oriented models rather than traditional
black box approach to understand the impact of IT
(Kriebel, 1989; Barua et al., 1995; Kohli and Sherer, 2002).

Analytical Results and Discussion
Our analytical results and discussion are framed according
to the stage in which they occur in the research model
presented in Figure 1. We focus on design and decision
stage and identify key RFID applicable business processes
and value chain activities. First, we will discuss the
current RFID adoption status in Retail as perceived by
the experts.

Current RFID Adoption Status in Retail
Retail is the second largest sector in terms of the number
of employees as well as the number of establishments for
doing business in the United States (Vargas, 2007a, b).
Increasing globalization has increased retailer competition,
thus motivating companies to attain better performance
(Koh et al, 2006, Wamba et al, 2007). Retailers see RFID
technology as one potential means of staying competitive
and achieving profitability both in the short as well as the
long term (Wamba et al., 2006).

ISSN: 0718-2724. (http://www.jotmi.org)
Journal of Technology Management & Innovation © Universidad Alberto Hurtado, Facultad de Economía y Negocios

69

J. Technol. Manag. Innov. 2011,Volume 6, Issue 3

According to IDTechEx (2006), the retail sector will
comprise 44% of the global RFID market value for systems
including tags by the year 2016. So far a few large retailers
including Wal-Mart, Metro, and Tesco deploy RFID at case
and pallet level. Although item-level tagging is the ultimate
goal, none of these retailers have still committed to using
RFID at this level. Metro was the first to begin roll outs in
November 2004 with 20 partners at the pallet level and
by 2006 expected to receive RFID tagged shipments from
about 300 suppliers covering about 60 – 80% of sales
(RFID Journal, 2004). Wal-Mart roll out started in January
2005 with its top 100 suppliers at the case and pallet level
simultaneously. By January 2006 another 200 suppliers
started shipping RFID-tagged cases and pallets to WalMart. Initial process change that Wal-Mart expected to
realize was automatic generation of picking lists for store
employees for those products available in the backroom
(RFID Journal, 2005). Metro begun RFID roll out by the
end of the year 2004 to track shipments from its central
distribution center to 98 of its Tesco Extra super stores
in UK (RFID Journal, 2004). They also rolled out RFID
internally to track reusable trays as part of their secure
supply chain initiative. Despite all the early uproar about
going RFID, the adoption of the technology in retail has
slowed down. This demands the need to investigate the
perceived RFID adoption status by experts in the area.
From the Delphi study we captured the experts’ perception
about the current status of RFID adoption in retail sector.
According to the experts complying with trading partner
requests or government mandates (slap and ship approach)
is where the RFID adoption status currently lies. Next
is the optimization achieved by improved efficiencies of
specific current processes within the retail organization
(comprising the value chain). Finally experts also pointed
that RFID adoption status is at the level of transformation
achieved when new processes and applications come up
due to RFID capabilities. We observed that the experts
considered all the three conditions currently governing
the RFID adoption status in retail to be closely important.
Table 2 below depicts experts’ opinion about current
RFID adoption status. However looking at the specific
numbers we can say that slap and ship still governs RFID
adoption followed by optimization and, transformation.
However transformation is where the real benefit of
RFID is. For example, RFID technology can change
manual replenishment process of stock from backroom
inventory to shop floor inventory thus reducing out of
stock situations and safety stock requirements leading to
cost savings for businesses (transformational).

Adoption Status

Rating Average

Slap and ship

3.73

Optimization

3.67

Transformation

3.62

Table 2. Current RFID Adoption Status in Retail

RFID Applicable Business Processes
Table 3 below shows the 11 retail business processes
that the experts perceive to be significantly improved by
the use of RFID. However these business processes are
not exclusive to retail. From the Delphi study results we
found out that receiving is one of the most important business processes for retailers that could be improved by
the use of RFID. The other important business processes
that could be improved are tracking and tracing, replenishing, picking, and shipping. Next are checkout, storing,
reuse and recycle / returns, demand forecasting, ordering, and transport. Use of RFID for the receiving, picking,
shipping, and storing business processes allows for reduced manual intervention from employees and thus reduces errors. Reducing such errors can then reduce stock
out situations which is a big problem for retailers. Use of
RFID for tracking and tracing of products across the value
chain provides retailers with accurate information about
the whereabouts of products in real time and thus save
them money from reordering of products which are delayed but are on the way. This is an informational benefit
for the retailers. RFID can also improve the replenishing
process by allowing for just in time inventory thus leading
to reduced inventory and also reduced out of stock situations. It also eliminates the need for physical inventory
counts. This can again lead to a huge cost savings for retailers. RFID can allow for automatic checkout by customers
thus reduce the requirement of labors to facilitate the
checkout process. This could improve customer service
since the customers can save a lot of their time standing
in checkout queues.
RFID can facilitate reuse and recycle / returns process
significantly. By the use of RFID, managing reusable assets
like crates can be made simple and streamlined. This
could lead to reduced loss of resources and thus lead to
savings in long term. The technology can also improve the
returns process by allowing retailers to gain far greater
insights into their overall returns process through instant
access to purchase data. They can track the returns by
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manufacturer, store, dates of sales, and consumer. They
can share these data with CPG (Consumer Product Goods)
makers and thus both parties can better monitor returns
processes and gain insights into patterns that may emerge
through processing the data across regions and retailers.

Factor analysis of the initial 11 items of RFID applicable
business processes revealed a single factor with Eigenvalue above 1.0 that account for about 56% of the total
variance. Specific factor loadings are shown in Table 4.

RFID can improve the transport process by allowing
visibility into the location of the trailers and the cargo
they contain, and also offering status alerts in the event
that a trailer is opened while in transit.
RFID also improves the demand planning process by
allowing retailers to respond to consumer demand fast
and also marketing to consumers in stores with a fast
and responsive value chain. With such timely information,
on shelf availability of products is improved tremendously
which can then increase customer satisfaction.
Finally the ordering process is improved by RFID by allowing
for an informative ordering for products through the ‘right
now’ ability to see what is truly in stock thus enabling a
rapid reaction to inventory demand and current stock
levels. Most of the business processes that the experts
think will be improved through RFID usage revolve around
providing for benefits that could be achieved through
the automational effect of the technology (less manual
intervention). However the real potential of the technology
is the transformational effect which could be achieved
when RFID triggers new business processes to be created
that could change the way retailers do business today.
Business Processes

Rating Average

Receiving

4.40

Tracking and tracing

4.30

Replenishing

4.25

Picking

4.10

Shipping

4.05

Checkout

4.01

Storing

3.81

Re-use and recycle/Returns

3.76

Transport

3.74

Demand forecasting

3.68

Ordering

3.68

Table 3: RFID Applicable Business Processes
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Factors and Items

Factor Loadings

Eigen-Value

% of Variance

6.058

55.069

RFID applicable business processes
•

Picking

0.808

•

Ordering

0.808

•

Transport

0.792

•

Demand forecasting

0.789

•

Shipping

0.781

•
•

Storing
Checkout

•

Replenishing

0.697

•

Reuse and recycle / Returns

0.683

•
•

Tracking and tracing
Receiving

0.758
0.719

0.661
0.643

Table 4. Factor Analysis of RFID Applicable Business Processes

RFID Applicable Value Chain Activities
Table 5 below shows the value chain activities that the
experts believe are significantly improved by RFID.
According to the Delphi study results improvement
in in-store operations is the most important RFID
applicable value chain activity. The other important value
chain activities that could be enhanced by RFID usage
are replenish and scheduling, warehouse management,
returns / recalls, and sales followed by promotion,
merchandise, sales, and assortment planning, and finally
price management.
RFID technology improves store operations and
increases shelf availability by allowing for tracking of
goods throughout the facility, including in the back room,
on the selling floor, in the fitting rooms and at the point
of sale. This visibility enables retailers to optimize their
inventory replenishment, reduce out-of-stocks and onhand inventory and, ultimately, improve sales. RFID
improves the replenishment activity by allowing improved
management of product delivery thus avoiding out-ofstock situations. RFID has dramatically improved the
warehouse management activity by allowing for effective
management of inventory and track the location of specific
goods within the warehouse. RFID also improves the

returns / recalls activity by enabling better management
of return merchandise. Sales activity is improved by
increasing revenue generation through reduced labor
needs for finding products for customers. The employees
can rather focus on customer interaction thus boosting
customer satisfaction which is crucial for retailers as it
provides a competitive edge.

Value
Chain
Activities
Value
Chain
Activities

Rating
Average
Rating
Average

In-store
operations
In-store
operations

4.384.38

Replenish,
allocation,
scheduling
Replenish,
allocation,
andand
scheduling

4.234.23

Warehouse
management
distribution
Warehouse
management
andand
distribution

4.154.15

Returns/
Recall
Returns/
Recall

3.843.84

Sales
Sales

3.753.75

Promotion
planning
Promotion
planning

3.753.75

Merchandise
planning
Merchandise
planning

3.713.71

Sales
planning
Sales
planning

3.573.57

Assortment
planning
Assortment
planning

3.563.56

Price
management
Price
management

3.523.52

Table 5. RFID Applicable Value Chain Activities
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RFID can also improve retail planning activities. The
technology can allow improved planning of promotions
based on real time sales data. It can also improve the
merchandise planning activity by enabling planning and
maintaining a balance between sales and inventory.
Sales planning activity could be improved by aiding in
planning routes to better reach target customers. This
is achieved through personalized guidance that can be
provided to the valued customers based on their based
on the other products that they have purchased in past
or are looking at that moment. For example the customer
could be prompted to buy some accessories that match
with the suit that she is trying or has already purchased.
Assortment planning activity could be improved by
allowing a better selection of merchandise for a variety
of customer needs. Finally the price management activity
could be improved through RFID usage through improved
pricing decisions based on forecast data generated from

Factors and Items

real-time information. All this is possible through the real
time visibility that RFID provides to the retailers.
Although the experts perceive the planning activities to
be potentially improved through RFID usage, however
in reality most retailers are mostly focusing on the most
obvious activities at the bottom end of the value chain such
as in-store operations, replenishment and so on. The real
potential needs retailers to go beyond the obvious and
start tapping onto other value chain activities that are on
the top end of the value chain. The experts perceive those
activities to be almost equally applicable to RFID usage.
Factor analysis of the initial 10 items of RFID applicable
value chain activities revealed a single factor with Eigenvalue above 1.0 that account for about 60% of the total
variance. Specific factor loadings are shown in Table 6.

Factor Loadings

RFID applicable value chain activities
•

Merchandise planning

0.889

•

Price management

0.851

•

Assortment planning

0.836

•

Sales

0.798

•

Replenishment

0.760

•
•

Sales planning
Returns / Recall

•

Warehouse management and distribution

0.715

•

In-store operations

0.690

•

Promotion planning

Eigen-Value

% of Variance

5.903

59.026

0.727
0.726

0.657

Table6. Factor Analysis of RFID Applicable Value Chain Activities
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Comparison of Expert Perceptions across
Business Association

Multivariate Analysis of Variance (MANOVA)
Results

After we identified the most significant business processes
and value chain activities that could be improved by RFID
we wanted to see if there is any difference in expert
perceptions based on their field of business association
such as consulting, academia, retail, or third party service
providers. This could give some deeper insights on the
current RFID adoption status and also act as a pointer to
future research initiatives.

First we conducted a 4 (Business Association) X 11
(Business Processes) multivariate analysis of variance
(MANOVA) to test whether the four groups (Academia,
Consulting, Retail, and Third Party Service Providers)
are statistically different from each other in terms of
their perceptions about RFID applicability for business
processes.
Our null hypothesis is:

We did some exploratory statistical analysis of the data
to look for general patterns. We performed different
statistical tests including multivariate analysis of variance
(MANOVA) and multiple one way analyses of variance
(ANOVA) on the business processes, and value chain
activities data across the expert’s business associations.
The justification for conducting the MANOVA tests is that
we have multiple dependent variables each for business
processes and value chain activities and we intended
to examine the differences between the levels of the
independent variable (Business association) as a function
on combination of dependent variables (different business
processes and value chain activities). The justification for
performing multiple ANOVA tests is that this research
is exploratory and also because the dependent variables
are conceptually independent of each other i.e. they do
not measure the same thing (Biskin, 1980). We intend
to study the effect of business association of experts on
their perceptions about applicability of RFID for business
processes and value chain activities to reach some tentative
non-confirmatory conclusions. We only performed the
univariate ANOVA tests for the main effect that we
found significant in the MANOVA test. Since this is an
exploratory study we used a significance level of 10% to
capture any pattern that is close to being significant. Our
goal is to draw optimal insights from the data analysis.

H10: Perceptions about RFID applicability for business
processes do not vary as a function of the business
association of the experts.
The analysis revealed a non-significant main effect for
business association. The calculated Wilks’ Lambda
= 0.582, F (33, 172) = 1.05, p-value = 0.404 ( > 0.10),
and partial eta squared = 0.165. Since p-value > 0.10, we
cannot reject the null hypothesis H10 at 10% significance
level and conclude that the expert perceptions about
RFID applicability for business processes do not vary as a
function of the expert business associations.
Next we conducted a 4 (Business Association) X 10
(Value Chain Activities) multivariate analysis of variance
(MANOVA) to test whether the four groups (Academia,
Consulting, Retail, and Third Party Service Providers) are
statistically different form each other in terms of their
perceptions about RFID applicability for value chain
activities. Our null hypothesis is:
H20: Perceptions about RFID applicability for value
chain activities do not vary as a function of the business
association of the experts.
The analysis revealed a significant main effect for business
association. The calculated Wilks’ Lambda = 0.522, F (30,
171) = 1.411, p-value = 0.090 ( < 0.10), and partial eta
squared = 0.195. Since p-value < 0.10 we reject the null
hypothesis H20 at 10% significance level and conclude
that the expert perceptions about RFID applicability for
value chain activities varies as a function of the expert
business associations. Table 7 below shows the results of
the MANOVA tests.
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Hypotheses

WilkÕ s
Lambda

FValues

PValues

Results

H10: Perceptions about RFID applicability for business processes do not vary
as a function of the business association of the experts.

0.582

1.050

0.404

Cannot
reject H10

H210: Perceptions about RFID applicability for value chain activities do not
vary as a function of the business association of the experts.

0.522

1.411

0.090*

Reject H20

Table 7. MANOVA Results: Expert Perception Comparison / * Significant at 10% significance level

Univariate Analysis of Variance (ANOVA)
Results
Since the main effect of business association is significant
for value chain activities we decided to look at the
univariate ANOVA tests of the main effect.
Univariate effects
(Replenishment):

for

Value

Chain

Activity

1

H30: µAcademia (VC1) = µConsulting (VC1) = µRetail
(VC1) = µThird Party Service Providers (VC1)
The calculated test statistic is F(3, 69) = 2.966, p-value =
0.038 ( < 0.10) and thus we reject the null hypothesis H30.
Hence the univariate analysis for perceptions about
applicability of RFID for replenishment activity revealed a
significant main effect for business association with academic
experts (M = 4.3529, S.E = 0.12820) reporting more
favorable perception followed by consultants (M = 4.3182,
S.E = 0.15270), third party service providers (M = 4.5556,
S.E = 0.18475), and finally retail (M = 3.8125, S.E = 0.22765).
Univariate effects for Value Chain Activity 2 (Warehouse
management):
H4 0: µAcademia (VC2) = µConsulting (VC2) = µRetail
(VC2) = µThird Party Service Providers (VC2)
The calculated test statistic is F(3, 68) = 0.812, p-value =
0.492 ( > 0.10) and thus we cannot reject the null hypothesis
H4 0. Hence the main effect for business association is not
significant and we conclude that the expert perceptions
about RFID for warehouse management do not vary
across business associations.

Univariate effects for Value Chain Activity 3 (In-store
operations):
H50: µAcademia (VC3) = µConsulting (VC3) = µRetail
(VC3) = µThird Party Service Providers (VC3)
The calculated test statistic is F(3, 69) = 0.117, p-value =
0.950 ( > 0.10) and thus we cannot reject the null hypothesis
H50. Hence the main effect for business association is not
significant and we conclude that the expert perceptions
about RFID for in-store operations do not vary across
business associations.
Univariate effects for Value Chain Activity 4 (Sales planning):
H60: µAcademia (VC4) = µConsulting (VC4) = µRetail
(VC4) = µThird Party Service Providers (VC4)
The calculated test statistic is F(3, 68) = 2.713, p-value =
0.052 ( < 0.10) and thus we reject the null hypothesis H30.
Thus the univariate analysis for perceptions about applicability of RFID for sales planning revealed a significant
main effect for business association with consultants (M
= 3.95, S.E = 0.15) reporting more favorable perception
followed by third party service providers (M = 3.55, S.E
= 0.17), academics (M = 3.41, S.E = 0.21), and finally retail
(M = 3.20, S.E = 0.28).
Univariate effects for Value Chain Activity 5 (Sales):
H70: µAcademia (VC5) = µConsulting (VC5) = µRetail
(VC5) = µThird Party Service Providers (VC5)
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The calculated test statistic is F(3, 69) = 1.371, p-value =
0.259 ( > 0.10) and thus we cannot reject the null hypothesis H70. Hence the main effect for business association
is not significant and we conclude that the expert perceptions about RFID for sales activity do not vary across
business associations.

hypothesis H10 0. Hence the main effect for business
association is not significant and we conclude that the
expert perceptions about RFID for merchandise planning
activity do not vary across business associations.
Univariate effects for Value Chain Activity 9 (Price
management):

Univariate effects for Value Chain Activity 6 (Returns /
Recall):

H110: µAcademia (VC9) = µConsulting (VC9) = µRetail
(VC9) = µThird Party Service Providers (VC9)

H8 0: µAcademia (VC6) = µConsulting (VC6) = µRetail
(VC6) = µThird Party Service Providers (VC6)

The calculated test statistic is F(3, 69) = 3.767, p-value =
0.014 ( < 0.10) and thus we reject the null hypothesis H110.

The calculated test statistic is F(3, 69) = 0.679, p-value =
0.568 ( > 0.10) and thus we cannot reject the null hypothesis H80. Hence the main effect for business association is not significant and we conclude that the expert
perceptions about RFID for returns / recall activity do not
vary across business associations.

Thus the univariate analysis for perceptions about
applicability of RFID for price management revealed
a significant main effect for business association with
consultants (M = 3.95, S.E = 0.15) reporting more favorable
perception followed by third party service providers (M
= 3.67, S.E = 0.24), academics (M = 3.35, S.E = 0.27), and
finally retail (M = 2.94, S.E = 0.25).

Univariate effects for Value Chain Activity 7 (Promotion
planning):
H90: µAcademia (VC7) = µConsulting (VC7) = µRetail
(VC7) = µThird Party Service Providers (VC7)
The calculated test statistic is F(3, 69) = 0.899, p-value =
0.446 ( > 0.10) and thus we cannot reject the null hypothesis
H90. Hence the main effect for business association is not
significant and we conclude that the expert perceptions
about RFID for promotion planning activity do not vary
across business associations.
Univariate effects for Value Chain Activity 8 (Merchandise
planning):
H10 0: µAcademia (VC8) = µConsulting (VC8) = µRetail
(VC8) = µThird Party Service Providers (VC8)
The calculated test statistic is F(3, 69) = 0.1432, p-value
= 0.241 ( > 0.10) and thus we cannot reject the null

Univariate effects for Value Chain Activity 10 (Assortment
planning):
H120: µAcademia (VC10) = µConsulting (VC10) = µRetail
(VC10) = µThird Party Service Providers (VC10)
The calculated test statistic is F(3, 69) = 2.231, p-value =
0.092 ( < 0.10) and thus we reject the null hypothesis H120.
Thus the univariate analysis for perceptions about applicability of RFID for assortment planning revealed a significant main effect for business association with consultants
(M = 3.86, S.E = 0.18) reporting more favorable perception followed by third party service providers (M = 3.83,
S.E = 0.27), retail (M = 3.12, S.E = 0.0.27), and finally academics (M = 3.29, S.E = 0.29).
Table 8 below shows the significant univariate analysis of
variance ANOVA results that we observed.

Dependent Variables

DF

F-Statistics

P-Values

Sales planning Ð Value chain activity 4

68

2.713

0.052*

Price management- Value chain activity 11

69

3.767

0.014*

Assortment planning - Value chain activity 12

69

2.231

0.092*

Table 8. Significant ANOVA Results: Expert Perception Comparison / * Significant at 10% significance level
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The results of the multiple ANOVA tests indicate that
the perceptions of retail practitioners is overall more
conservative than those from other domains like consulting,
third party service providers, and academics. This indicates
that most retailers are still focusing on a small spectrum
of RFID possibilities and not considering a broader
perspective. Or on the other hand this could indicate a
possible hype around RFID improving value chain activities.
For future research we would like to investigate the
differences in perceptions of experts from various domains
through in-depth interviews. We would also extend the
research and find out differences if any across other
control variables such as expert job positions, familiarity
with RFID, and length of involvement with RFID.

Conclusion
The results from this study provide deep insights and
enhance the understanding of a wide variety of RFID
implementation issues for retail sector. The detailed
description of issues in this research will provide decision
makers with adequate comprehensive knowledge for
making RFID technology implementation decisions based
on individual firm needs. This research work will fulfill
practitioner’s needs to understand the applicability of
RFID particularly for retailers. The research model
developed could be used as a platform for future research
works in the field of RFID implementation.
We identified the retail business processes and the
value chain activities that the experts perceive to be
significantly improved by RFID usage. The most significant
RFID applicable business processes are identified to be
receiving, tracking and tracing, and replenishing whereas
the most significant RFID applicable value chain activities
are in-store operations, warehouse management, and
replenishment. We observed that the expert perceptions
about RFID applicability for business processes do not
vary as a function of the expert business associations.
However we observed that there are differences in expert
perceptions about RFID applicable value chain activities
based on their business association. In general we found
out that retail practitioners have a more conservative
perception about RFID applicability value chain activities
compared to experts from other domains.
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